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Foreword 


This edition of the Minerals Yearbook, covering calendar year 1967, 
marks the 86th year in which the Federal Government has issued, on an 
annual basis, a report on the U.S. mineral industry. In response to the 
desires of our readership, this 1967 edition has returned essentially to 
the Yearbook format in use prior to 1966, with some minor modifications. 
The general content of this edition follows: 

Volume I-II, Metals, Minerals, and Fuels, contains all the chapters on 
the metal, nonmetal, and mineral fuel commodities that previously ap- 
peared in the separate Volume I, Metals and Minerals, and Volume II, 
Mineral Fuels. Yn addition, it includes a chapter reviewing these mineral 
industries, a statistical summary, and chapters on employment and in- 
juries, and technologic trends. As in Yearbooks prior to 1966, text accom- 
panies the statistical presentation. Some of the longer chapters have been 
redesigned so that the tabular presentation follows the text, rather than 
being interspersed throughout the text as in the past. 

Volume III, Area Reports: Domestic, contains chapters covering each 
of the 50 States, the U.S. island possessions in the Pacific Ocean and the 
Caribbean Sea, the Commonwealth of Puerto Rico, and the Canal 
Zone. Volume III also has a statistical summary chapter, identical with 
that in Volume I-II, and a chapter on employment and injuries. 

Volume IV, Area Reports: International, which was not published in 
1966, has been reinstated. This volume contains 85 chapters presenting the 
latest available mineral statistics for more than 130 foreign countries and 
areas, and discusses the importance of minerals to the economies of these 
nations. A separate chapter reviews minerals in the world economy. 

The continuous effort of the Bureau of Mines to enhance the value of 
the Yearbook for its readership can be aided by comments and suggestions 
from its users; such comments are invited. 


Joun F. O'Leary, Director 
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Review of the Mineral Industries 


By Olman Hee,’ Charles L. Readling,’ and Jeannette I. Baker ° 


Activity in the minerals industries dur- 
ing 1967 was sustained by the seventh 
consecutive year of economic expansion. 
Though the opening months of 1967 indi- 
cated that the domestic economy was in 
a brief pause, the second half reflected a 
strong and sustained recovery. As a result, 
the U.S. economy as a whole showed rec- 
ord level annual averages for production, 
sales, and employment. 

However, the gains in 1967 were not as 
great as were those in 1966. For the first 
6 months, actual demand failed to live 
up to expectations, sales fell below pro- 
duction by an abnormally wide margin, 
and inventories piled up. Expansionary 
fiscal and monetary policies were put into 
motion to sustain expansion in the second 
half of the year. Due to the renewed 
strength of demand in the third and 
fourth quarters, consumer prices increased 
2.8 percent. In the minerals economy, the 
copper strike, beginning July 15 and last- 
ing throughout the year, was one of the 
major problems. Its occurrence had a 


notable impact on total mineral output, 


and especially on metal mining produc- 
tion, employment, and income. 

The value of the Nation’s total output 
of goods and services—gross national 
product (GNP)—in 1967 rose $42 bil- 
lion to a new high of $785 billion. When 
corrected for price changes, the real 
value of GNP (in 1958 prices) was $669 
billion or an increase of 2.5 percent over 
the previous year. There was a marked 
change of pace in economic activity be- 
tween the first and second halves of the 
year. Growth of real GNP was at a 
yearly rate of 1.5 percent in the first 
half but rose to 4.5 percent in the second 
half. 

Demand on the part of the total pri- 
vate economy in 1967 worked toward 
restoring a balance between particular 
sectors that were disrupted in 1966, 
especially in inventory investment and 


business fixed investment. Total new con- 
struction and expenditures showed re- 
newed strength. Government  expendi- 
tures for goods and services in 1967 
comprised a slightly higher share of GNP 
compared with 1966, but about the same 
share as the average for 1955-61. 

The Federal Reserve Index of Indus- 
trial Production rose 1 percent in 1967 
from the 1966 level, with mining, non- 
durable manufactures, and utilities show- 
ing moderate gains, while durable man- 
ufacturing registered a decline. Total 
U.S. employment increased 2.0 percent 
from 1966 to 1967, and U.S. personal 
disposable income per capita—corrected 
for price changes—rose 3.2 percent. Both 
of these categories showed a slightly 
lower level of increase compared with 
1966. Employment in total mining (in- 
cluding fuels), in 1967, showed a decline, 
with employment in metal mining declin- 
ing appreciably. Much of this decline 
was due to the copper strike, which 
lasted throughout the second half of the 
year. Total U.S. unemployment remained 
at its lowest level in a decade, averaging 
about 3.8 percent of the total labor force 
for the second straight year. 

Total mining output was up modestly 
but showed a relatively smaller gain than 
in 1966. Production in metal mining was 
down materially in 1967; mining of 
stone and earth minerals was up slightly; 
and coal, oil, and gas output was up 
moderately. The generally rapid gains in 
production of iron and steel and non- 
ferrous metals of past years were reversed 
materially in 1967. Production in these 
two categories in 1967 showed declines 
of 10 and 13 index points respectively. 
Trends in imports of ferrous ores and 
nonferrous base metal ores were mixed 


1 Economist, Division of Mineral Economics. 

2 Mineral specialist, Division of Mineral 
Economics. 

3 Commodity research assistant. 
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in 1967. Increases in imports were reg- 


istered in many iron and steel product 


categories. Net supply was down in 1967 
for many light and heavy metals for 
which it had tended to peak in 1966. 

Developments on the international 
scene during 1967 left a lasting imprint 
on the United States and _ rest-of-the- 
world economies. Such events, as the 
strain on the international monetary 
system, the devaluation of the British 
pound, the completion of the Kennedy 
Round tariff negotiations, and the 
weakening of many nations’ gold reserve 
positions had important implications for 
continued progress and expansion of the 
U.S. economy. 

Federal Government activities during 
1967 were concerned with remedial 
measures to counteract a sluggish econ- 
omy in the first and second quarters. 
Remedial fiscal and monetary policies 
were set into motion in this period. The 
investment tax credit restored in the 
spring of 1967 and renewed emphasis to 
supply ready credit helped the industrial 
sector, including some mineral industries, 
to sustain production and employment. 
Disposal of stockpile material slowed 
materially in 1967 with 58 percent less 
sales commitments made in that year 
compared with 1966. The Office of Min- 
erals Exploration continued to encourage 
exploration to locate new domestic 
sources of essential materials by provid- 
ing financial assistance. Government as- 
sistance programs on 37 contracts were 
largely directed to exploration for gold, 
silver, platinum, and nickel. 

Anxieties and speculation in the world 
financial. markets contributed to a sharp 
widening of the U.S. balance of payments 
deficit in the fourth quarter. The U.S. 
Government responded decisively with a 
major program to move our balance of 
payments strongly toward equilibrium. 
Measures put into effect to insure 
strength of the dollar and the health of 
the economy at home were: Restraint of 
direct investment by U.S. investors in 
plant and equipment abroad and re- 
straint of foreign lending by U.S. banks 
and lending institutions. 


Official U.S. holdings of gold reserves 
declined materially in 1967. These re- 
serves were used primarily to meet the 
demand for gold on the London free 
market. A deficit in domestic silver pro- 
duction also induced withdrawal of silver 
stocks, chiefly U.S. treasury bullion stock. 

In an attempt to assure adequate 
mineral resources for future needs, 
Bureau of Mines obligations of funds for 
fiscal 1968 were increased 5 percent. 
Major thrusts of Bureau of Mines 
Research programs were directly con- 
cerned with future supply and demand 
contingencies with respect to minerals 
and fossil fuels. Programs also were 
planned to alleviate land and air pol- 
lution. In addition, the Bureau sponsored 
a number of outside and inhouse projects 
on solid waste disposal. These projects 
dealt with scrap processing, municipal 
wastes and mine waste. Current projects 
in metals research included new proc- 
esses for the economical recovery of 
copper, and the recovery of gold from 
electronic scrap, scrap solder, and carbon- 
aceous ores. Programs also were under way 
in nonmetallic minerals research to stimu- 
late production of minerals in short sup- 
ply. Research on recovery of sulfur from 
gypsum and from effluent of coal-burning 
plants was undertaken. 

Ongoing and contemplated Bureau 
programs have been encouraging and 
promoting the advancement of tech- 
nology to provide for the Nation's future 
mineral and fossil fuel needs at reason- 
able cost and at no sacrifice in environ- 
mental quality. 

The most pressing problems besetting 
the mineral industries are for the most 
part not problems related to individual 
commodities or groups of commodities. 
Rather, they are problems of total 
mineral production, broadly defined, plus 
the wise use of minerals and mineral 
products. Rapidly changing demands for 
materials and products are bringing to 
the fore changes in our mineral needs. 
Government policies and activities can 
help to assure that an adequate flow of 
minerals and mineral products is forth- 
coming in the years ahead. 
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SUPPLY AND DEMAND 


Production.—Domestic production of 
primary minerals and mineral fuels in 
1967 was valued at $23.7 billion in cur- 
rent dollars, or $0.7 billion more than in 
1966 (table 1). In 1957-59 constant dol- 
lars, the value of mineral production was 
$22.7 billion, or 1.8 percent more than 
in 1966. In 1967, fuels showed the only 


constant dollar increase, 4.8 percent. 
Nonmetals, declined 0.2 percent, and 
metals, 13.9 percent. 

Overall, total mineral production in 


the United States in 1967 showed only a 
modest increase. While production of 
mineral fuels continued strong, output 
for nonmetallic minerals was up only 


150 


slightly, and for primary metals, it was 
down moderately to substantially. The 
Bureau of Mines index of physical volume 
of production (195759 = 100) showed 
ferrous metals down moderately and non- 
ferrous metals down substantially. Figure 
1 shows historical trends of production 
for selected major mineral commodities. 
The chart indicates: The relatively rapid 
rise of copper production from 1959-60 
to 1966 and the precipitous drop in out- 
put in 1967; the irregular but moderately 
rising pattern for iron ore production 
through 1966 and a moderate downtrend 
in 1967; and the reversal of the down- 
trend of consumption of coal—1947-54 
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Figure 1.— Indexes of physical volume of mineral production for selected items in the 
United States. 
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(not shown in chart) and the beginning 
of a sustained increase in 1962. The in- 
dex for iron ore for 1967 was 108, down 
10 index points; the index for copper 
was 99, down 49 index points; and the 
index for coal was 120, up 4 index points. 
Copper production showed the biggest 
change, due to the strike which continued 
during the latter half of 1967. (See 
table 2 in the statistica] summary which 
shows both production and value for 
minerals and mineral fuels in 1967.) 

The Federal Reserve Board (FRB) 
index of industrial production for both 
mining and total U.S. production showed 
only slight relative gains in 1967. The 
preliminary published data show that the 
index of total industrial production in- 
creased 1.7 points to 158.0, while the 
total mining component of the index rose 
3.0 points to 123.5. The primary metals 
component was down 10.2 points to 
132.5; ferrous metals was down 9.4 
points to 126.8; nonferrous metals and 
products was down 13.1 points to 153.1; 
stone and earth minerals was up 1.9 
points to 135.4; and coal, oil and gas 
was up 4.6 points to 122.4. 

Mining components of the FRB index 
of industrial production reflect the same 
trends as the Bureau of Mines index of 
physical volume of production. Among 
the ferrous metals and ores, iron ore 
production was down 7 percent and steel 
production declined 5 percent. In the 
nonferrous metals category, copper pro- 
duction from domestic ores was down 33 
percent; primary aluminum production 
was up 10 percent; and primary lead 
and zinc production were down 3 and 4 
percent, respectively. 

Among the major nonmetals produced 
in 1967, cement, stone, sand, and gravel 
combined constituted about 70 percent of 
the total value of nonmetals production. 
Cement production in 1967, at 385.8 
million barrels, was down 4 percent; 
crushed and broken stone output was 
down 4 percent; and sand and gravel 
production was down 3 percent. 

In 1967, the fossil fuels group pro- 
duced a total heat or caloric value 
equivalent to 52,862 trillion British 
thermal units (Btu). Heat value of pri- 
mary electricity produced at hydropower 
and nuclear-powered plants when added 
to that of mineral fossil fuels brought the 
total to 55,276 trillion Btu. This was a 


record level and 5.8 percent higher than 
in 1966. 

Primary fossil fuels continued to supply 
the bulk of the Nation’s energy supplies 
during 1967. Natural gas and component 
liquids remained the ranking energy 
source during the year with a marketed 
production of 18,171.3 billion cubic feet, 
36 percent of total energy output. Crude 
petroleum held its position with a pro- 
duction of 3,215.7 million barrels, ac- 
counting for 33 percent of total energy 
produced. Because of the Arab-Israeli 
conflict in June 1967 domestic produc- 
tion of crude petroleum was increased to 
compensate for lower imports and to pro- 
vide more crude for export. Production 
of bituminous coal and lignite gained 
17.1 million short tons to a total of 551 
million short tons, continuing its upward 
trend of past years. Anthracite continued 
to show a slight decline with a produc- 
tion of 12.3 million short tons. Bitumi- 
nous coal and lignite accounted for 26 
percent of total energy during the year. 
The balance of supply, approximately 5 
percent, came from primary electricity 
generated at hydropower and nuclear- 
powered plants. 

The net supply of most minerals de- 
clined in 1967. Among the exceptions to 
the general decline in supply of ferrous 
and nonferrous metals were manganese, 
lead and titanium which showed slight 
increases. For nonmetals, exception to 
the decline in supply were potash, sul- 
fur, and salt. Among the ferrous metals, 
imports for iron ore and pig iron 
changed little in 1967 over those in 
1966. Among the nonferrous metals, im- 
ports for copper, lead, and tin increased 
substantially. Imports in the nonmetals 
category were mostly unchanged in 1967. 

Changes in the relative shares of do- 
mestic and foreign sources of supply oc- 
curred in a few selected minerals from 
1966 to 1967. More reliance upon for- 
eign sources for copper and lead resulted 
in 1967. Fewer supplies from foreign 
sources occurred for cobalt, uranium, 
and mercury. Contracts in force by 
AEC for imports of uranium expired in 
1966. Though private industry imported 
1,300 tons of uranium in 1967, total 
uranium imports declined in that year. 


Consumption.—Among the major 
metals, changes in 1967 in both ferrous 
and  nonferrous commodity categories 
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were mainly downward (table 7). Iron 
ore and raw steel consumption (ferrous 
category) were down 6,623 thousand long 
tons and 6,888 thousand short tons, re- 
specitively. Among the nonferrous group, 
copper consumption was down 18 per- 
cent while, by contrast, aluminum con- 
sumption was up 0.2 percent. Uranium 
consumption (UsOs) fell 1,062 short 
tons during the year to a total of 8,425 
short tons. 

A forecast made from an econome- 
tric model as a part of a comprehensive 
Bureau of Mines study of demand for 
aggregate steel and steel products, using 
steel prices, price of substitutes, and in- 
come as the chief explanatory variables, 
gave a projected consumption to 1980 
of 154.0 million short tons. 

Among the major nonmetals, cement 
consumption dropped to 378 million bar- 
rels in 1967, or 16 million barrels 
less than in 1966. Crushed stone for 
all uses totaled 784 million short tons or 
27 million short tons under 1966. Sand and 
gravel consumption dropped to 905 mil- 
lion short tons in 1967 from 934 million 
short tons in 1966. Among the important 
nonmetal commodities which registered 
increases in consumption in 1967 were 
potash raw materials, up 3 percent; phos- 
phate rock, up 2 percent; sulfur, up 2 
percent; and salt, up 7 percent. 

Forecasts from a Bureau study of de- 
mand for chemical raw materials, using 
own price, price in an alternative use, 
and income as explanatory variables gave 
projected consumption estimates to 1980 
for phosphorus (P2Os content) as fol- 
lows: For agricultural use, 7.9 million 
short tons; for industrial use, 4.3 million 
short tons; and for export use, 6.0 mil- 
Hon short tons. 

Total energy consumption in the United 
States reached a new high in 1967, 58.9 
quadrillion Btu, an increase of 3.3 percent 
over 1966. It was estimated that by the 
year 1980 U.S. energy requirements will 
total about 88 quadrillion Btu. Among the 
energy resources available in 1967, petro- 
leum and natural gas liquids were 43 per- 
cent of total energy resources consumed; 
natural gas was 31 percent; and 4 percent 
came from hydropower and nuclear. 

Natural gas consumption rose to 17, 
685 million cubic feet in 1967, an in- 
crease of 4.9 percent over that of 1966. 
Liquefied natural gas consumption also 
increased in importance in 1967 rela- 


tive to total gas energy consumption. The 
technology of liquefied natural gas has 
given natural gas a mobility which could 
permit this type of fuel produced in for- 
eign areas to be utilized and marketed in 
the United States. 

Petroleum registered a gain in 1967 of 
3.9 percent, increasing to 4,584 million 
barrels. Due to increasing demand, there 
was increased activity to tap new sources 
and to develop new techniques in crude 
petroleum. During the fall of 1967, the 
first synthetic crude oil was produced 
from tar sands in North America. This 
oil was produced by a process which 
separated the refinable bitumen from 
sand, shale, and clay. Synthetic oil pro- 
duced from oil shale could provide an 
alternative source of petroleum products 
in the United States. This synthetic oil 
may become fully competitive with natu- 
ral crude. 

Bituminous coal consumption in the 
United States in 1967 was about 480 mil- 
lion short tons, a decrease of about 1.2 
percent from 1966. The electric utility 
industry continued to be the largest con- 
sumer, utilizing 272 million tons of coal 
in 1967, or about 2.9 percent more than 
in 1966. Industrial uses accounted for 
186 million tons, of which, 92 million 
tons were used to make coke; 17 million 
tons were used for retail delivery; 9 mil- 
lion tons for cement mills; and 6 million 
tons for steel and rolling mills. Devel- 
opment of mine-mouth generating stations, 
which use high-voltage transmission lines 
to transport power, has been an impor- 
tant factor in the increased use of coal 
by electric utilities. 

Nuclear energy continued as a major 
competitor in the utility market in 1967, 
comprising about 45 percent of the 
orders for steam generating equipment. 
TVA, in 1967, approved a contract 
for a record capacity generator—1,300 
milliwatt—for coal firing. 

While nuclear and water power are 
small fractions of total energy consump- 
tion, they showed the greatest propor- 
tional increase in 1967, 31.0 percent and 
12.8 percent, respectively. Total net gen- 
eration at electric utilities in 1967 was 
1,211.7 billion kilowatt-hours, an in- 
crease of 5.9 percent over the previous 
year. 

The household and commercial sector 
accounted for 22 percent of total en- 
ergy resources consumed in 1967. With 
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the exception of coal, energy resource 
inputs into this sector continued to in- 
crease. Sector inputs of electricity in- 
creased 4.8 percent in 1967 and the sec- 
tor absorbed 7.9 percent of the total 
generation of utility electricity. Fossil 
fuels consumed directly remained the 
principal source of energy in the house- 
hold and commercial sector. 

The industrial sector remained the 
major energy market in 1967, using 32 
percent of the total energy consumption. 
Sector energy use increased 1.4 percent 
over the previous year. While electric 
use and the direct fuel uses, petroleum 
and natural gas, continued to grow in 
1967, bituminous coal showed a decline 
of 4.9 percent. 

In 1967, the transportation sector ac- 
counted for 24 percent of total energy 
consumption. The demand in this sec- 
tor for energy was 5 percent over that 
for 1966. The bulk of demand con- 
tinued to be met by petroleum products. 

The electric utility sector again ac- 
counted for approximately 21 percent 
of the total energy resource inputs in 
1967 as it did in 1966. Sector inputs, in- 
cluding both fossil fuels and primary 
electricity, increased 6.2 percent over 
1966. 

Fossil fuels consumed at conventional 
fuel-burning plants accounted for 81 per- 
cent of sector inputs; the remaining 19 
percent represented theoretical inputs 
(based on coal equivalent of electricity 
generated) for hydropower and nuclear- 
powered plants. Hydropower continued 
to supply the bulk of the primary utility 
electricity generated. Coal accounted for 
63 percent of the total inputs of fossil 
fuels consumed at conventional fuel- 
burning plants in 1967. Natural gas ac- 
counted for 27 percent and residual fuel 
oil for 10 percent of utility inputs. 


Shipments and Orders.—In 1967, ship- 
ments of primary metals and blast fur- 
nace industries each declined about 6 
percent. Monthly figures for 1967 show 
that shipments of primary metals de- 
clined moderately in the first and second 
cuarters. Ánnual net new orders for pri- 
mary metals were down 10 percent, and 
for blast furnace industries, down 8 per- 
cent. Monthly figures show that net new 
orders for primary metals and blast fur- 
nace industries rose substantialy in the 
fourth quarter from the low level set in 


the first quarter. Unfilled orders in 1967 
for primary metals declined 6 percent 
compared with those of 1966, while for 
blast furnace industries they increased 
by a like amount. Unfilled orders rec- 
orded by months declined for primary 
metals in the first two quarters, while 
for blast furnace industries they tended 
to rise from the first to the last quarter. 


Stocks.—The Bureau of Mines index 
of stocks of crude minerals at mines was 
unchanged at 107 (1957-59=100) in 
1967. The total metals index increased 
with both ferrous and nonferrous metals 
contributing to the increase. Stocks of 
nonmetals declined 10 index points, 
largely the result of a drawdown in sul- 
fur stocks. 

Seasonally adjusted book values of in- 
ventories in the mineral processing indus- 
tries were up slightly for petroleum and 
coal products and approximately un- 
changed for stone, clay, and glass pro- 
ducts at 1967 yearend. However, book 
values of inventories for blast furnace 
and steel mills and other primary metals 
were up moderately. 


Foreign Trade. — Total value of exports 
of minerals and mineral fuels for the 
year was $3,554 million. Value of im- 
ports exceeded value of exports by $3, 
175 million, representing a deficit item 
in the U.S. balance of payments trade 
account. The value of nonfuel minerals 
imported during 1967 was $4,187 mil- 
lion or 59.5 percent of the value of do- 
mestic production of all  non-fuel 
minerals. 

The percentage distribution of exports 
of selected minerals in 1967, by origin, 
shows that iron and steel scrap was ex- 
ported chiefly to Asia, North America, 
and Europe. Nonferrous metal scrap was 
exported chiefly to Europe and Asia. 
Aluminum and aluminum products were 
exported to North America, Europe, and 
Asia. Crude fertilizers also were ex- 
ported chiefly to the areas just men- 
tioned. Crude petroleum was exported 
chiefly to Europe. 

The 1967 value of imports for selected 
minerals and mineral products, at $6,- 
730 million, was virtually unchanged 
from the $6,723 million of imports of 
these items in 1966 (table 17). 

The percentage distribution of im- 
ports of minerals and mineral fuels in 
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1967, by origin, shows that ores and con- 
centrates where chiefly imported from 
North America (Canada); South Amer- 
ica (Venezuela, Chile, and Peru); and 
Asia (Philippines). Among the nonmetal- 
lic crude minerals group, phosphate and 
potassic fertilizers were mainly imported 


from North America (Canada). Among 
the mineral fuels, crude petroleum and 
petroleum products were imported mainly 
from North America (Canada, Trinidad, 
and Netherlands Antilles); South Amer- 
ica (Venezuela); and Asia (Saudi 
Arabia, Iran, and Indonesia). 


EMPLOYMENT AND PRODUCTIVITY 


Employment.—Employment gains in the 
mineral industries were spotty in 1967, 
due in part to the copper strike, with 
some gains and declines over the previous 
year in both the metal mining and 
mineral fuels industries (table 24). The 
small gain in employment in the non- 
metal mining and quarrying category was 
more than offset by the loss in metal 
mining and mineral fuels. As a result, em- 
ployment in total mining showed the 
greatest decline since 1964. 

Percentage change in employment in 
1967 compared with 1966 by groupings 
are shown below: 


Percent 
All industries +3.1 
Mining (including fuels)...... —2.0 
Metal mining............. —8.6 
Nonmetal mining and 
quarrying............... +.1 
Coal mining.............. +3.1 
Crude petroleum and 
natural gas............. —1.7 
Oil and gas field services. —5.3 
Manufacturing 
Minerals 1................ —3.1 
Fuels.................... +1.8 


1 Based on selected items given in table 24. 


Employment in minerals manufactur- 
ing industries was universally down in 
1967 from the previous year’s level. Em- 
ployment in blast furnaces, steel works, 
and rolling mills and in nonferrous 
smelting and refining industries showed 
declines of more than 3 percent. Employ- 
ment in fuels manufacturing showed a 
gain of almost 2 percent. Employment 
in all industries, U.S. total, showed 
slightly less gain in 1967 compared with 
the two previous years. 


Hours and Earnings.—Average hours 
worked in the nonfuel mining industries 
declined slightly in 1967, while hourly 
and weekly earnings increased 2.5 and 
2.3 percent, respectively. Because of 


fewer hours worked, the percentage in- 
crease for weekly earnings was lower 
compared with hourly earnings. For the 
mineral fuels group, average hours 
worked increased slightly compared with 
the previous year, with the highest in- 
crease reflected in coal mining. Weekly 
earnings in coal mining increased 3.4 
percent. 

Average hours worked increased 0.7 
percent in 1967 for workers in petroleum 
refining and related products. For all 
other minerals and mineral fuels manu- 
facturing industries average hours worked 
declined. Increase in hourly earnings in 
various categories of minerals and fuels 
manufacturing ranged from 1 to 5 per- 
cent. Increases in weekly earnings in this 
group ranged from less than 0.5 percent 
to around 6 percent. The average in- 
crease in weekly earnings for selected 
categories studied in minerals and 
mineral fuels manufacturing industries 
was 2.6 percent. 


Labor Turnover Rates. —Accession rates 
for metal mining remained stable in 1967 
compared with manufacturing, in which 
they declined moderately from the pre- 
vious year. A sizeable increase occurred 
in the accession rate for iron ore min- 
ing but this was offset by a decline in 
copper ore and other mining. Separation 
rates increased in all metal mining, with 
the largest increase in the copper ore 
category. The layoff rates in all metal 
mining increased almost 30 percent from 
1966. Accession, separation, and layoff 
rates for 1967 for the mineral manufac- 
turing industries were mixed. Blast fur- 
naces, steel and rolling mills, and non- 
ferrous smelting and refining industries 
had generally similar accession and sep- 
aration rates but different layoff rates. 
Hydraulic cement, blast furnaces, and 
steel and rolling mills had generally 
similar separation and layoff rates. In 
mineral fuels manufacturing, increases in 
1967 accession and separation rates in 
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petroleum refining and related industries 
were matched by decreases and no 
change, respectively, in these rates in 
coal mining. Layoff rates remained stable 
for petroleum refining and related indus- 
tries while for coal mining they were 45 
percent lower. 


Wages and Salaries.—Wages and sal- 
aries in the mining industry in 1967, in- 
cluding fuels, continued the upward trend 
set several years before. The percent in- 
crease in 1967 in the mineral industries 
was slightly lower compared to 7.3 and 
4.8 percent gains reported for all indus- 
tries and manufacturing, respectively. 
Average earnings per full-time employee, 
in 1967, continued to be higher for 
mining employees, at $7,545 annually, 
compared with an average of $6.879 in 
manufacturing industries and $6,209 in 
all industries. Wages and salaries in min- 
ing comprised 3.5 percent of that in man- 
ufacturing and 1 percent of that in all 
industries. 


Productivity—The 1966 productivity 
indexes (most recent data available) 
indicate the generally rising trend of 
production per man-hour in important 
sectors of mining. Increases in production 
per man-hour are the result of improved 
mechanization, automation, and training 
programs for workers. Production per 
man-hour for copper ore and recoverable 
copper mined increased, while that for 
usable iron ore mined remained the same. 
For iron ore, the overall production per 
man-hour declined slightly due to declines 
in productivity of hematite and magnetite 
ores which more than offset gains in 
taconite ore mining. Productivity showed 
a marked increase in the bituminous coal 
and lignite group and in the petroleum 
refining sector. In the instances where 
labor productivity declined, the explana- 
tion generally was that average weekly 
hours worked increased more rapidly than 


output. 


PRICES AND COSTS 


Index of Average Unit Mine Value.— 
During 1967 the index of average unit 
value for all minerals increased about 1 
percent over the previous year. This index 
has shown no appreciable change since 
1958. The most noticeable changes in 
the components occurred in the unit mine 
value of ferrous and nonferrous metals, 
particularly in the monetary metals. Of 
the nonmetals, the unit mine value of 
chemicals showed a greater rise than the 
other subcategories (table 29). 


Index of Implicit Unit Value.—The 
index of implicit unit value, which meas- 
ures price change from aggregate value 
and volume relationships, showed in 1967 
a moderate increase of slightly less than 
1 percent for all minerals compared with 
1966 figures. The components within both 
the metals and nonmetals groups, how- 
ever, showed slight to major price 
changes. For monetary metals, the index 
increased more than 7 points, while for 
the ferrous group the increase was only 
slightly more than 3 points. Within the 
nonmetals group the index for nonmetals 
used in construction was down a little 
less than 1 index point. The sharp in- 
crease in the index of implicit value for 
monetary metals in 1967 was mainly due 


to the rapid increase in value of produc- 
tion of silver with a moderately lesser 
increase in production. The index of 
implicit value for gold remained virtu- 
ally the same. 


Prices.—Prices of most major metals, 
nonmetals, and mineral fuels rose only 
slightly in 1967. In the metals group, 
electrolytic copper ingot and aluminum 
ingot increased 5.9 and 1.8 percent, re- 
spectively. By contrast, prices of lead, 
zinc, and nonferrous scrap showed mod- 
erate to marked declines. In the mineral 
fuels group, the price of bituminous coal 
went up about 5 percent, while price of 
electric power was up less than 1 per- 
cent. Interesting differences were shown 
in the change in wholesale prices for 
fertilizers: Prices for potash were down 
9 percent and those for phosphates were 
up 4 percent. Prices paid by farmers for 
fertilizers in 1967 (generally retail prices) 
showed the following changes: For potash 
(muriate of potash) up 4 percent; for 
nitrogen (ammonium nitrate) down 2 
percent; and for phosphates (superphos- 
phate) up 2 percent. It has been gen- 
erally thought that fertilizer ingredients 
were strongly complementary. Given 
ample supplies, this would tend toward 
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equivalent price increases. Plausible ex- 
planations for the varying price changes 
may be a gradually differing demand for 
the individual ingredients, and new, un- 
anticipated, respective sources of supply. 

Prices for fuels in 1967 generally in- 
creased over those of the previous year. 
The 1-percent increase in price for crude 
petroleum probably resulted from the 
combined effects of the Arab-Israeli con- 
flict and increased demand. Compara- 
tively higher price—3 percent—changes 
occurred in gasoline. Residual fuel oil 
prices for Gulf Ports, Bunker C, showed 
a drop of 12 cents to $1.98 per barrel. 
Dry natural gas prices were largely un- 
changed from the previous year. 

Average cost of coal in steam-electrical 
power generation rose 0.3 cent to 24.7 
cents per million Btu in 1966 (the latest 
year for which data are available). Cost 
of oil decreased 0.7 cent to 32.4 cents 
in 1966 while gas remained at the 1965 
average of 25.0 cents per million Btu. 
Coal remained the cheapest fossil fuel 
in 1966 for power generation. Among all 
regions, the East had the lowest average 
cost expended for coal, 19.3 cents per 
million Btu. 

Average cost of electrical energy 
remained at 1.6 cents per kilowatt-hour 
in 1966. Within the regional breakdown, 
small declines in cost were shown for 
the New England and Pacific regions. The 
East South Central region had the lowest 
average cost for power, 0.9 cent per kilo- 
watt-hour in 1966, as it did in the two 
previous years. Cost of electrical energy 
remained lowest in the commercial and 
industrial markets—1.3 cents per kilo- 


INCOME AND 


Income generated by mining declined 
in 1967, the first year of decline since 
1964 (table 40). In contrast, income 
generated in manufacturing increased 
slightly above 2 percent and for all in- 
dustries, it rose above 5 percent. The 
decline in metal mining was primarily 
responsible for the drop in total mining. 
Other categories in mining rose slightly 
but the rise was not great enough to 
offset the sharp drop in metal mining. 

Direct private investment of United 
States companies shows Europe, Canada, 
and Latin American Republics as the 


watt-hour, and highest in the residential 
market—2.2 cents per kilowatt-hour. 


Index of Principal Metal Mining Ex- 
penses.—Higher index values for princi- 
pal metal mining expenses in 1966 were 
principally due to an increase of 9 index 
points in the labor component, together 
with nominal increases in prices of sup- 
plies, fuels, and electrical energy. Labor 
costs increased faster than in any year 
since 1963. The indexes of major input 
expenses for bituminous coal and crude 
petroleum and natural gas mining showed 
no appreciable change in 1966. 


Costs.—The indexes of relative labor 
costs and productivity in mineral and 
mineral fuels industries in 1967 generally 
continued to increase over those of 1966. 
The index of labor costs per unit of out- 
put for recoverable iron ore and copper 
increased moderately to markedly, while 
for bituminous coal and petroleum there 
was no appreciable change. Changes in 
the index of value of product per man- 
period were mixed for the mineral in- 
dustries. Productivity was down markedly 
in the iron ore industry and up moder- 
ately for recoverable copper. As a result 
labor costs in the iron ore industry were 
up sharply, while for recoverable copper, 
they were moderately down. 

Indexes of prices of mining construc- 
tion and material handling machinery 
were up in every category in 1967. Prices 
of construction machinery and mining 
machinery showed about equivalent in- 
creases of 3.1 points each. Tractors other 
than farm showed the largest price in- 
crease, while portable air compressors 
showed the smallest increase. 


INVESTMENT 


chief areas of foreign investment (book 
value) in petroleum industries in 1966, 
the latest year for which data are avail- 
able. Total book value at the end of the 
year for the petroleum group was $16.3 
billion. This was 30 percent of end-of-the- 
year book value for all industries. 

Direct private investment of the United 
States in foreign mining and smelting 
industries in 1966 was valued at $4.1 
billion or 9 percent above that in 1965. 
Canada and the Latin American countries 
accounted for 74 percent of foreign in- 
vestment in mining and smelting. The 
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1966 earnings of affiliates in mining rose 
by $89 million over those of the previous 
year, reaching $660 million. Of this total, 
$524 million was returned to the United 
States as income compared with $443 
million in 1965. 

Expenditures for new plant and equip- 
ment by firms in mining totaled $1.42 
billion in 1967, down 3.4 percent from 
1966. Of the five manufacturing cate- 
gories, expenditures for stone, clay, and 
glass products and chemical and allied 
products were down slightly to moder- 
ately. This was the first time in several 
years that expenditures for major items 
associated with new plant and equipment 
showed a decline A bright note was 
registered for primary iron and steel in 
which new plant and equipment increased 
$14 million to $2.31 billion. Other cate- 
gories in which expenditures increased 
were primary nonferrous metals and 
petroleum and coal products. Expendi- 
tures in the all-manufacturing category 
declined 1 percent to $26.7 billion. 

In 1965, the latest year for which data 
are available, funds from all sources for 
direct foreign investment by United States 
mining and smelting industries increased 
$323 million to $1.4 billion. Canada and 
Latin America continued to account for 
more than two-thirds of the total. The 
affiliates relied principally on net income 
generated within the industries. There 
was a continued increase in funds ob- 
tained from other countries relative to 
funds obtained from the United States. 

Uses of funds for direct foreign invest- 
ments by United States mining and 
smelting industries in 1965 (latest data 
available) were chiefly expended for 
property, plant, and equipment (48 per- 
cent). About two-fifths was income paid 
out, and the remainder was distributed 
to inventories, receivables, and other 
assets. 

Annual profit rates in 1967 on share- 
holders’ equity in selected mineral manu- 
facturing corporations showed decreases 
from 1966 in all categories except petro- 
leum refining and related industries. Pri- 
mary nonferrous metals showed the 
biggest decline, 3.8 percent, followed by 
primary iron and steel, 2.6 percent. Profit 


rates for 1967 for petroleum refining and 
related industries increased very slightly, 
0.1 percent, compared with a 0.5-percent 
increase in 1966. Dividends in mineral 
manufacturing in 1967 showed relatively 
small increases compared with 1966. Pri- 
mary iron and steel and primary non- 
ferrous metals reflected: dividend increases 
of around 2 percent while other mineral 
manufacturing industries showed lesser 
increases. Dividends in 1967 in petroleum 
refining and related industries fared better 
than profit rates compared with 1966 fig- 
ures, with an 8.9-percent increase re- 
corded. 

The number of industrial and commer- 
cial failures in mining, including fuels, 
was 71 in 1967, or 2 lower than reported 
in 1966. However, the liabilities reported 
by these firms were substantially higher 
in 1967 than in 1966. Manufacturing 
firms, which comprised a larger category 
of firms than mining, showed 18 (1.0 
percent) less failures in 1967 than in 
1966; but liabilities of manufacturing 
firms were about 10 percent less com- 
pared with 1966. 

Estimated gross proceeds of new cor- 
porate securities offered for the extrac- 
tive industries in 1967 was $588 million 
compared with $24.8 billion for all cor- 
porate securities. Slightly more than 
two-thirds of the proceeds in extractive 
industry offerings during the year came 


from bonds, less than one-third was in 


common stock issues, and only about 1 
percent was in preferred stock issues. 

Plant and equipment expenditures in 
1967 by direct investment in mining and 
smelting in other countries rose $141 
million to $948 million. This 17-percent 
increase in outlays compares favorably 
with the 9-percent increase reported for 
manufacturing. Petroleum outlays in- 
creased $823 million to a total of $3.4 
bilion, or 32 percent. Canada dropped 
slightly in outlays for manufacturing in 
1967. Except for mining and smelting in 
Europe, which remained the same, in- 
creased investment in all mining and 
smelting and petroleum categories was 
reflected for Canada, the Latin American 
Countries, and Europe. 
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TRANSPORTATION 


In 1966 (the latest year for which 
data are available) the greater quantity, 


66 percent of the metals and metal prod- - 


ucts transported, moved by rail. The 
remainder was transported by water 
(table 51). Some of the important metals 
and nonmetallic minerals which showed 
higher rail transport as compared with 
water in 1967 were: Iron ore and con- 
centrates, iron and steel scrap, iron and 
steel ingots and other shapes, nonferrous 
ores, cement, and fertilizer and fertilizer 
materials. Items that showed higher water 
transport were gypsum and plaster rock, 
liquid sulfur, and limestone flux and cal- 
careous stone. Mineral commodity ton- 
nages transported by rail were 2 percent 
greater in 1966 compared with those in 
1965, while those transported by water 
were almost 6 percent greater. 

Mineral fuels and related products in 
1966 moved in greater quantities by 
water, 55 percent, as compared with rail, 
45 percent, based on water and rail trans- 
port data. Coal, gasoline, and crude 
petroleum were the most important items 
moving by water. Bituminous coal was by 
far the most important item moving by 
rail. Total mineral fuels and related 
product tonnage moving by water in- 
creased almost 3 percent in 1966 over 
1965 production. Crude petroleum and 
coal, in that order, were primarily re- 


sponsible for the gain. Mineral fuels 
tonnage moving by rail increased slightly 
over 3 percent in 1966 above the previous 
year. Among the important items, bi- 
tuminous coal dominated all others in 
contributing to the increase. Increased 
shipments of bituminous coal by rail in 
recent years stem principally from lower 
freight rates. 

Gas pipeline mileage totaled 800 thou- 
sand miles in 1966 (the latest year for 
which data are available) or 4 percent 
more than the 768 thousand miles in use 
in 1965. Natural gas lines comprised al- 
most 99 percent of the total, with the re- 
maining 1 percent divided among manu- 
factured, mixed, and liquefied petroleum 
gases. 

Total petroleum mileage recorded at 
the beginning of 1965 (latest data avail- 
able) was 210.9 thousand miles or 5 per- 
cent greater than the 200.5 thousand 
miles of pipelines in use in 1962. Total 
pipeline fill at the beginning of 1965, at 
100.7 million barrels, was 15 percent 
greater than that reported for 1962. Of 
the total petroleum pipeline mileage in 
1965, 34 percent was in crude gathering 
systems in oilfields; 29 percent was in the 
larger size crude trunklines; and 37 per- 
cent was in petroleum product pipelines 
that extend from refineries to distribution 
terminals. 


RESEARCH ACTIVITIES 


Bureau of Mines.—Research relating to 
problems of mineral resources and pro- 
duction is necessary to assure an adequate 
and dependable flow of minerals. Funds 
alloted and expended by both the Govern- 
ment and private sectors were used to ad- 
vance knowledge and capabilities in the 
physical and economic sciences, and min- 
ing and metallurgical technology to help 
solve these problems. 

National expenditures data for research 
and development activities in selected in- 
dustries in 1966 (latest year for which 
data are available) showed that chemicals 
and allied products accounted for 9.7 per- 
cent of total funds expended, or about the 
same as in 1965 (table 55). Petroleum 
refining and extraction accounted for 
about 2.8 percent of the total, slightly 
smaller than in 1965. Federal funds ac- 
counted for slightly more than 50 percent 


of total research and development pro- 
gram expenditures in 1966. Only about 3 
percent of Federal funds was related to 
minerals and mineral fuels. Of this 
amount, about 1 percent was expended 
for petroleum refining and extraction and 
about 2 percent for chemicals and allied 
products. 

During 1967, the Bureau of Mines con- 
tinued work under established programs 
for minerals and mineral fuels research 
and resources development. New emphasis 
was placed on problem areas relating to 
supply and demand. Techniques employ- 
ing simple econometric models were used 
to determine existing economic relation- 
ships for major mineral commodities, com- 
petitive relationships with respect to sub- 
stitutes, and to forecast short- and long- 
run estimates of production, consumption, 
and prices. By developing relatively ac- 


12 MINERALS YEARBOOK, 1967 


curate supply and demand forecasts, re- 
search efforts can be more meaningfully 
directed to those areas where existing and 
future supply and demand are most criti- 
cal. Emphasis was also placed on deter- 
mination of input-output relationships of 
the United States mining industries, using 
1963 data. The findings of a research 
study on the ‘ifiterindustry structure of the 
U.S. mining industries, using 1958 pur- 
chase and sales data, was published in 
1967.* 

Obligations of funds by the Bureau of 
Mines for mining and mineral research 
and development totaled $34.5 million 
during fiscal year 1968. Of this amount, 
$20.0 million consisted of obligations to 
research and resource development work 
for minerals, excluding fuels, and $14.5 
million for work on mineral fuels. Obliga- 
tions for basic and applied research for 
fiscal year 1968 were $4.9 and $24.4 mil- 
lion, respectively. The Bureau’s expendi- 
tures obligated for applied research in the 
field of metallurgy and materials in 1967 
were $6.1 million. Total research funds of 
$29.3 million obligated by the Bureau of 
Mines for fiscal year 1968 were divided 
as follows: Engineering science, $20.1 
million; physical sciences, $7.1 million; 
mathematical sciences, $0.6 million; and 
environmental sciences, $1.5 million. 

Research on technological and economic 
problems was designed to continually ad- 
vance the process of extracting raw mate- 
rials at reasonable cost without environ- 
mental degradation. Noteworthy accom- 
plishments of the Bureau in research pro- 
grams, including work in progress, follow. 


Mining Research.—Studies were made 
of various forms of energy best adapted 
to break rock. A system was developed to 
determine the difficulty of rupture of cer- 


tain types of rock as a function of tem- 


perature. A method of applying high-fre- 
quency dielectric heating was developed 
that may be competitive with conven- 
tional cyclic methods based on energy 
required for fracture. In a full-scale min- 
ing demonstration, new design criteria 
permitted greater slope inclination. Lab- 
oratory and field studies of methane 
drainage revealed the possibility of elimi- 
nating losses of 4 to 6 man-hours per shift 
involving high gas concentration. Results 
of tests for improving the supporting abil- 
ities of hydraulic fill materials showed 
that the addition of varying amounts of 


Portland cement increased the strength 
significantly. 

The first phase of the Marine Heavy 
Metals Research Program, which was to 
assess the possibilities for commercial ex- 
ploitation of marine minerals, was com- 
pleted at location off the coast of Nome, 
Alaska. Gold was found in all drillings in 
the sea floor sediments, but there were no 
immediately commercial deposits: deline- 
ated. Subbottom profiles covering 200 
square miles of area were examined and 
recorded for the purpose of defining prime 
targets for future delineation work. 


Land and Air Pollution.—During 1967, 
Solid Waste Disposal Program research 
centered on technical and educational pro- 
grams to give greater insight into recov- 
ery of mineral values from automobiles. 
Examination of municipal wastes chan- 
neled into incinerators revealed substan- 
tial quantities of ferrous and nonferrous 
metals could be recovered from this 
source. Incinerator fly ash contained rela- 
tively high amounts of gold and silver, 
comparable in grade to ores now being 
processed. Further research dealt with 
methods of recovery of this gold and silver 
so that the materials could be recycled 
into the economy. Research trials indi- 
cated that mine wastes can be of benefit 
to man. Demonstrations showed that 
bricks, ceramic tiles, and small magnets 
can be produced from mill tailings- 

In the area of air pollution, the Bureau 
was concerned with two methods of attack 
to reduce sulfur dioxide emissions from 
the burning of high sulfur coal. One 
method involved taking out the sulfur in 
such coals before burning, and the other 
method was aimed at removing sulfur 
dioxide from stack gases before they were 
emitted. Pilot-plant studies have succeeded 
in removing up to 90 percent of sulfur 
dioxide from relatively high sulfur coal. 
Studies were also directed to reduction 
of air pollution by alleviating internal 
combustion engine emissions. 

Water pollution resulting from high 
acidity mine water discharges has also 
been investigated. 

Work on the Appalachian Region Min- 
ing Area Restoration program continued 
in 1967. The greater portion of this pro- 
gram was directed toward sealing and 


4 Wang, Kung-Lee and Robert G. Kokat. 
The Interindustry Structure of the U.S. Mining 
5 BuMines Inf. Circ. 8338, 1967, 
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filling voids in abandoned coal mines and 
extinguishing mine fires. A troublesome 
problem now being attacked by the Bu- 
reau involves the Wilkes-Barre-Scranton 
region, where the land is honeycombed by 
old mine workings and there are uncon- 
trolled seam and culm bank coal fires 
burning. Research was continued on the 
problem of extinguishing dump fires which 
contribute to air pollution. Reclamation 
and rehabilitation of strip and service 
mines on public lands in Appalachia were 
implemented by public safety and water 
pollution control programs. 


Coal Research.—In coal research the 
problem of sodium fouling of superheaters 
was solved, and the investigation of the 
nature of corrosion of boiler tube surfaces 
began. In carbonization studies of coals 
and blends, a poor coking coal yielded a 
coke of metallurgical grade. It was also 
learned that, regardless of the coal from 
which it is prepared, char can be used to 
achieve an increase in coke strength. 

Coal liquefication and gasification re- 
search was continued to develop more effi- 
cient processes for converting coal to vari- 
ous gaseous and liquid fuels and to im- 
prove their economic status. Research 
demonstrated that coal can now be made 
soluble in a relatively cheap solvent by 
treatment with an alkali metal and elec- 
tron transfer agent at ambient tempera- 
ture and pressure. A two-zone small-scale 
steam-air coal gasifier yielded a gas suit- 
able for synthesis of gasoline or ammonia. 
By eliminating the need for oxygen, such 
a gasifier could reduce significantly the 
cost of making gasoline and ammonia 
from coal. In the production of high Btu 
gas, material progress was made in the 
development of a pilot plant for the two- 
step coal-char hydrogasification process. 
Data also were obtained indicating the 
feasibility of a relatively simple single step 
process eliminating the char-hydrogena- 
tion phase. In the field of chemical con- 
version, organometallic complexes (phos- 
phines) were found to be very effective in 
the conversion of crude coal acids into 
high-priced phthalic acids much in de- 
mand in the plastics industry. 


Petroleum Research.—In petroleum and 
natural gas research the Bureau success- 
fully completed the first test for enlarging 
the wellbore of oil and gas wells by a 
new liquid chemical injection method. 
More intriguing was Project Gasbuggy, 


the December 10 nuclear explosion in 
New Mexico, having a yield equivalent to 
26,000 tons of TNT and detonated 4,240 
feet below the ground. This experiment 
conducted in cooperation with the U.S. 
Atomic Energy Commission, the U.S. 
Department of the Interior, and industry, 
was expected to release natural gas 
trapped in low permeable rock. Hereto- 
fore, only limited quantities of this gas 
could be produced economically. 

Other petroleum research included 
secondary recovery methods to bring into 
production oil already discovered but not 
now economically producible. The Bureau 
also conducted research aimed at increas- 
ing the service life of asphalt. A coopera- 
tive program with industry was continued 
concerning the analysis and characteriza- 
tion of the heavier materials found in 
petroleum. 


Oil Shale Research.— The Bureau con- 
tinued its research on the feasibility of 
retorting oil shale in situ to avoid mining 
costs and alleviate the problem of disposal 
of spent shale which results from above 
ground retorting operations. These prob- 
lems were approached by conducting 
studies of crushing tendencies of oil shale 
while being heated under simulated over- 
burden pressure, methods for fracturing 
oil shale in place, and by retorting ran- 
dom-sized oil shale to simulate in situ 
retorting. Coreholes were studied in Colo- 
rado and Wyoming in a search for a 
suitable location for a nuclear fracturing 
experiment in oil shale. Other research 
included characterization of paraffin and 
olefin fractions upon retorting Colorado 
oil shale and investigations of the min- 
erals associated with oil shale. 

Legislation has been directed toward 
a five-point oil shale research and devel- 
opment program involving both private 
enterprise and the Government, represent- 
ing slightly over $1.3 million in govern- 
ment funds. Investigations have been 
conducted on rich deposits of oil shale 
in Colorado, Utah, and Wyoming. It has 
been estimated that known oil shales of 
the area contain the equivalent of about 
70 times the present domestic proved 
reserves of crude petroleum. 


Economic Studies.—New emphasis was 
placed by the Bureau on supply and de- 
mand analysis of minerals and mineral- 
fuel commodities. Iron ore, steel, copper, 
aluminum, and the mineral fertilizers 
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were the main areas of investigation. 
Measurements of existing demand rela- 
tionships were derived. Techniques were 
also developed to yield more accurate 
forecasts of production, consumption, and 
prices of minerals and mineral fuels. 
Work vas continued on input-output 
studies, linking all mining sectors with all 
other manufacturing, services, and final 
demand sectors of the U.S. economy, us- 
ing 1963 data. Work also was continued 
on an integrated study of state and re- 
gional energy balances for the years 1960 
and 1965. Four contracts were let for 
needed economic studies relating to non- 
fuels mineral policy. The subject areas 
were price stability and instability for 
domestic minerals, sources of investment 
funds for mineral industries, exploration 
as an economic and industrial] process, 
and impact of mineral industry flows on 
U.S. balance of payments. 


Health and Safety—The Health and 
Safety Activity in 1967 continued its 
ongoing programs of mine inspection; 
health and safety education and training; 
research and statistical analyses; and coal- 
bed fire control. All of these have as their 
principal objective the conservation of 
human and natural resources in the min- 
eral extractive industries. Work on control 
of radiation hazards in underground 
uranium mines led to substantial reduc- 
tions in worker exposure to radiation. 
Work was performed on development and 
revision of several complex Bureau of 
Mines testing and aproval schedules that 
detail physical features, performance re- 
quirements, and methods and standards 
by which the effectiveness and safety of 
diverse types of mining and personal- 
protective equipment are approved for use 
in the mineral industries. A testing and 
approval schedule was issued for a ma- 
chine-mounted, continuous methane moni- 
tor that had been researched and devel- 
oped in prototype form at the Health and 
Safety Research and Testing Center to 
warn the machine operator of the pres- 
ence of significant concentrations of flam- 
mable methane gas in the atmosphere. The 
monitor is designed to cut off power to 
the machine if the methane concentration 
should rise to incipient ignition-danger 
levels through neglect of the operator to 
take appropriate corrective action upon 


receiving the warning signal. Commercial 
methane monitors approved under the 
testing and approval schedule are now 
affording added protection to personnel 
of a number of the Nation’s underground 
coal mines. 


Explosives and Explosions Research.— 
The Bureau’s explosives and explosions 
research continued to promote safety in 
handling and using highly flammable and 
explosive materials. In producing stand- 
ards for industry, the Bureau of Mines 
and Stanford Research Institute collabo- 
rated on an information guide, Safe 
Handling of High Energy Liquids," pub- 
lished by the Office of Naval Research. 
Other developments included research on 
a low-strength explosive which substitutes 
for outlawed black powder in underground 
coal mines where lump coal commands a 
premium price; examination of a stable, 
jelled ammonium  nitrate-water slurry 
composition which should find application 
in underground noncoal mines subject to 
hazardous concentration of flammable 
gases; and research leading to the dis- 
covery of materials which will stabilize 
reactions of ammonium nitrate fuel oil 
used in  sulfide-ore,  high-temperature 
mines. Importantly, in line with its help 
in the investigation of the NASA Apollo 
fire, the Bureau, cooperating with the 
Kennedy Space Center, found Freon 1301 
to be a useful inerting agent for certain 
propellants used in the space program. 


Helium Conservation.—The national 
helium conservation program continued 
in 1967 to obtain the maximum beneficial 
use of the helium resources of the United 
States. The program stresses the produc- 
tion and sale of helium for present use, 
the acquisition and storage of helium that 
would otherwise be wasted in the consump- 
tion of helium-bearing natural gas, and 
the continuance of fundamental and ap- 
plied research that will contribute to more 
effective utilization of our helium re- 
sources. Continued emphasis was placed on 
process development studies for helium 
purification and “enrichment” of the con- 
served helium, the production and analy- 
sis of ultrapure helium, and investigation 
of the thermodynamic properties of he- 
lium. 


REVIEW OF THE MINERAL INDUSTRIES 15 


LEGISLATIVE AND GOVERNMENT PROGRAMS 


Much of the Governments activities 
with respect to minerals and mineral-fuels 
industries in 1967 were concerned with 
the introduction of remedial fiscal and 
montary policies. Because business spend- 
ing on plant and equipment declined dur- 
ing the first half of 1967 and severe in- 
ventory adjustments were underway, the 
investment tax credit was restored in the 
spring of 1967. Fiscal policy was exerted 
to attempt to influence expansion for a 
sluggish economy in the first half of 1967. 
This occurred despite the unusually high 
level of long-term interest rates. At mid- 
year both short-term and long-term inter- 
est rates began to move upward and con- 
tinued: to do so throughout the year, but 
several factors, including the ready avail- 
ability of credit, caused the economy, on 
balance, to turn expansionary in the sec- 
ond half. | 

Monetary conditions—as measured by 
changes in bank reserves, money supply, 
and bank credit—remained flexible to 
mineral and mineral fuel companies up 
until the 1967 yearend. The changed 
monetary environment from 1966 was 
marked by a step-up in acquisitions of 
mortgages during the second and third 
quarters of 1967, thus contributing greatly 
to the recovery of total construction ac- 
tivity. The changed fiscal and monetary 
environments, despite inflationary pres- 
sures, enabled certain sectors of the min- 
eral and mineral fuel economies to ad- 
vance at a healthy rate. 

With regard to the national stockpile 


program, strategic materials held in gov- 
ernment inventories amounted to $6.9 bil- 
lion at acquisition cost and $6.6 billion 
at estimated market value. Of the total 
materials in government inventories, $3.8 
billion at cost and $3.4 billion at market 
value were considered to be in excess of 
conventional stockpile objectives in 1967. 
About 83 percent of the market value of 
the total current excess was made up of 
11 materials: Aluminum, bauxite (from 
Jamaica and Surinam), metallurgical 
grade chromite, cobalt, industrial dia- 
mond stones, lead, metallurgical grade 
manganese, nickel, tin, tungsten, and zinc. 
Major mineral stockpile items sold in 
1967 were aluminum, copper, metallurgi- 
cal chromite, nickel, and tin. During 1967, 
legislation was enacted by Congress au- 
thorizing the disposal of bismuth, molyb- 
denum, and rate earths, valued at $32.5 
million. Total stockpile disposal of min- 
eral commodities during 1967 was valued 
at $293 million. 

Continued exploration for new domes- 
tic sources of strategic and critical mineral 
commodities was encouraged during 1967 
by government assistance under the Office 
of Minerals Exploration (OME) pro- 
gram. During fiscal year 1968, 37 con- 
tracts representing a government partici- 
pation of $1.7 million were executed. 
Small mine operators have been an im- 
portant factor in maintaining adequate 
supplies of vital minerals, and the OME 
program enables them to continue their 
contribution. 


WORLD REVIEW 


World Economy.—The world economy 
in 1967 continued to grow, but as in the 
immediately preceding years, at a slightly 
declining rate. For most countries avail- 
able data on 1967 GNP indicate a general 
increase in economic activity. Overall 
gains in world industrial production con- 
tinued at the modest rate exhibited in the 
most recent years. 


. World Production.—Net gains in the 
extractive industries in 1967 were gen- 
erally at a slightly lower rate than in 1966 
(table 62). Only slight increases in ex- 
tractive output were registered in the 
United States and Canada. Other indus- 
trialized countries showed generally larger 
extractive output increases in 1967 com- 


pared with North America. Production of 
metals was down appreciably for the 
United States and Canada but up slightly 
for the total of all non-communist coun- 
tries. World coal production was down 4 
index points in 1967, while world crude 
petroleum production was up 6 index 
points. Major mineral processing sectors, 
such as base metals, chemicals, petroleum 
products, coal and nonmetallic mineral 
products showed moderate gains for the 
non-Communits countries. However, gains 
in chemicals, petroleum products and coal 
exceeded gains made in other categories. 
East Asia, principally Japan, tended to 
dominate world production increases in 
mineral-oriented manufacturing, while 
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gains in the United States and Canada 
were only moderate. 

For a number of metals, there were 
major changes in United States-rest-of- 
the-world supply and demand positions in 
1967. While domestic production of cop- 
per declined precipitously from 1.4 to 0.8 
million tons, due to the copper strike, 
rest-of-the-world production increased 
slightly, from 2.5 to 2.6 million tons. 
Rising world demand for copper was 
strong compared with available supply, 
causing a disruption in the supply-demand 
balance. Contributing factors in the dis- 
ruption were political problems, especially 
in the Congo and in South America— 
highly variable prices, heavy demand for 
imports by the U. S., and labor problems 
in the United States and elsewhere. 

Non-Communist consumption of silver 
in 1967 exceeded production by 194 mil- 
lion ounces. A production deficit contin- 
ued to be balanced by withdrawals from 
world stocks, chiefly U.S. treasury bullion 
stocks. Gains in production of silver were 
registered by Canada and other industrial 
nations in 1967, while losses were recorded 
in the United States and South American 
countries. A fall-off in coinage consump- 
tion in 1967 was registered in the United 
States and Canada as well as in the rest 
of the world. Further, the fall-off in this 
item during 1967 in the rest of the world 
was greater than in North America com- 
pared with 1966. Industrial consumption 
of silver in the United States in 1967 was 
down slightly. 

Lower gold production in the United 
States in 1967 was matched by lower out- 
put in other important gold-producing 
countries. Because of drains upon the gold 
supply, due to a big increase in demand 
for gold for speculative purposes preced- 
ing and following devaluation of the 
British pound in November 1967, U.S. 
official holdings of gold declined appre- 
ciably. The U.S. price of gold in 1967 
could not go above $35 per ounce, but 
buying of gold in the world private mar- 
ket continued, and the U.S. Treasury was 
the principal supplier. Unsettled condi- 
tions in foreign exchange markets added 
to the problem of depletion of monetary 
gold reserves. 

Among the nonmetals, world produc- 
tion of recovered sulfur increased in 
1967, but the increased supplies were an 
insignificant quantity in alleviating the 
U.S. and rest-of-the-world sulfur short- 


age. Again, as in 1966, producers’ stocks 
were withdrawn. In the United States 
about half of the sulfur consumed in 1967 
was used in acidulation of phosphate rock 
for fertilizer use. Lack of sulfur supplies 
was responsible for a curtailment in the 
expansion of production of phosphates for 
fertilizer. Frasch sulfur output was up 
slightly in the United States though in- 
sufficient to balance demand, while in 
Europe and South America it was down 
moderately. Recovered sulphur produc- 
tion was up in most areas of the world. 
In mineral fuels, petroleum and natural 
gas continued in 1967 to increase in rela- 
tive importance as world sources of ener- 
gy. Production of crude petroleum in the 
United States and other North American 
countries increased at about the same rate 
as in previous years. Production.in some 
of the important Middle East countries 
declined slightly, while in others produc- 
tion was up moderately to sharply. Vene- 
zuela, which showed a drop in production 
of crude oil in 1966, registered a record 
production in 1967. Substitution of oil for 
coal in Japan and in some parts of Europe 
continued to be restrained by government 
controls, foreign exchange shortages, and 
considerations of energy self-sufficiency. 


World Trade.—Fragmentary data from 
trade reports indicated a rising trend of 
world mineral trade in 1966 (the latest 
year for which data are available). Total 
exports of metal ores and scrap, metals, 
and mineral fuels from the United States 
in 1966 increased slightly. Total exports 
in 1966 from Europe of the above cate- 
gories increased more percentagewise com- 
pared with the United States. Increases 
in exports of these items from the Euro- 
pean Free Trade Association were mod- 
erately higher, percentagewise, compared 
with exports of the same items from the 
European Economic Community. The net 
value of world trade in minerals and 
mineral fuels in 1966 was $204 billion, or 
9 percent higher than in 1965. 


World Consumption.—Changes in world 
minerals and mineral fuels consumption 
were mixed in 1967. Increases were re- 
corded in world consumption of individ- 
ual nonferrous metals as follows: Alumi- 
num, up 4 percent; copper, down 6 per- 
cent; lead, up 3 percent; tin, no change; 
and zinc, down 2 percent. Although no 
data were available on world consumption 
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of mineral fuels and electricity, supply 
and trade figures suggested that demand 
continued to increase during 1967. 


Ocean Freight Rates.—World ocean 
freight rates in 1967 moved slightly to 
sharply higher, depending upon the 
method of shipment. Dry cargo rates in 
general showed a modest rise while tanker 
rates tended to be markedly higher. Both 
dry cargo and tanker rates rose appre- 
ciably by quarters throughout the year. 
Merchant shipbuilding activity was up 
moderately in 1967 in every major ship- 
building country. Japan led shipbuilding 
activity, with 43 million gross tons of 
carrier tonnage delivered, followed by 
Panama, Sweden, and West Germany. 
A major part of the increase in carrier 
tonnage built in 1967 was in tankers con- 
structed. During the Suez Canal closing 
of several months in 1967 more ships were 
needed to carry the going tonnage of ores 
and fuels, since the distances traveled 
were longer and more time was taken up 
in negotiating the markedly greater mile- 
age. 


World Prices.—World export price in- 
dexes for the total of metal ores and fuels 
in 1967 were slightly lower than the an- 
nual average in 1966. The quarterly indexes 
for 1967 indicated a slight rise in prices 
for metal ores in the fourth quarter, but 
the more important component, fuels, 
showed no material change throughout the 


four quarters. Export prices of total min- 
eral and nonferrous base metals were 
down slightly more in the developed na- 
tions than in the less-developed nations 
category. On the other hand, prices for 
nonferrous base metals were down con- 
siderably more in the less developed na- 
tions than in the developed nations. 
Smaller individual and collective markets 
in the less developed countries, with more 
uncertainty in their respective supply and 
demand positions, probably contributed to 
the higher price fluctuation in those coun- 
tries. Quoted U.S. copper prices in the 
U.S. ranged from $0.36 to $0.38 during 
1967. After July 15, the date of the gen- 
eral 1967 U.S. copper strike, copper 
prices on the London spot market climbed 
slowly upward in anticipation that the 
strike would be settled in a matter of 
weeks. After the strike had lasted 3 
months, London spot market prices be- 
gan rising moderately to sharply until 
the end of the year. London copper spot 
prices in 1967 ranged from $0.60 at the 
beginning of the year down to $0.45 per 
pound at midyear, and then climbed 
again to $0.60 by yearend. Production of 
copper in the United States was sharply 
off and no sales were authorized from 
government stockpiles in 1967. Thus, re- 
duction in supplies resulted in a rise in 
spot prices which prevailed in the last 


half of the year. 
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Table 2.—Value of mineral production by group 1957-59 constant dollars 1 


(Million dollars) 
Mineral group 1968 1964 1965 1966 1967 

Metals and nonmetals except fuels: 
Nonmetals.............-...- 53 AEA T $4,266 $4,537 134, 836 $4,972 $4,962 
Metals. ` -----.----- E 8 1,978 r 2,098 r 2,132 2,208 1,944 
OUR ee - 6,244 r 6,635 r 6,968 7,230 6,906 
Mineral fue sss 13,424 13,831 14,232 15,082 15,808 
Grand total..........------------..-- ..... 19,668 20,466 721,200 22,812 22,709 

r Revised. 


1 Values deflated by the index of implicit unit value. 


Table 3.—Indexes of the physical volume of mineral production by group and subgroup 
(1957-59 = 100) 
1963 1964 1965 1966 1967 


Metals: 
OPT OU c filu Unete ttr 95.8 108.3 110.4 119.1 109.0 
Nonferrous: 
BOSC EEN 120.8 125.8 185.8 142.2 102.5 
Nonne 88 90.8 92.0 105. 0 112. 5 92.7 
HI11ĩĩ«trtĩi¹ ² ; ũ mm m su e 112.2 114.8 98.2 98.1 111.4 
Total zz ͥ p ³o”w y Otus pusu suu NE 115.5 119.4 124.1 129.2 108.3 
Total metals 105.7 118.9 117.3 124.2 106.1 
Nonmetals: 
Construction... ... 2.222222 c222-c2222222222222- 119.6 126.2 129.9 186.5 182.4 
nl: aeu e we 120.5 132.1 151.8 167.1 172.6 
%0föôĩ“ ⁵ AAA... y eae sua . 111.6 119.0 127.9 136.0 129.7 
func ET — ÓÁ—— EGENTES 119.4 126.9 133.5 141.7 139.1 
Fuels 
JJ!!! ³ĩð2³WAu ³ ( zna 8 102. 8 108.2 112.6 116.4 119.8 
Crude oil and natural gas ꝶl . 111.6 118.8 116.6 124.0 181.6 
r A 35330 110. 8 114. 0 117.8 124.1 131.1 
Total all minerals 112.2 116.7 120.7 127.8 180.5 


1 Does not cover isopentane, LP gases, and other natural gas liquids. 


Table 4.—Federal Reserve Board indexes of industrial production, mining and selected 
mineral and mineral fuels related industries 


(1957-59 = 100) 
1963 1964 1965 1966 1967» 


Mining: 

COB: eL ea pcs ee E EET 102.5 107.1 113.3 117.0 118.1 

Crude oil and natural gas: 
Crude 108.1 109.9 111.9 119.3 126.4 
Gas and gas liquids. ............. 22.2... 128.7 186.1 143.0 152.0 163.3 
Toti. Sa Ee 107.9 110.4 112.3 118.0 123.2 
Total coal, oil, and gas 107.0 109.8 112.5 117.8 122.4 
T1/õõĩõĩÜdA mts y 8 112.3 117.4 124.2 138.4 119.9 
Stone and earth minerals 112.1 118.7 126.5 188.5 185.4 
Total metal, stone and earth minerals. 112.2 118.1 125.5 188.5 128.8 
Total mining 107.9 111.3 114.8 120.5 123.5 


Industrial production: 


Primary metallsss 113.3 129.1 137.6 142.7 182.5 
Iron and steel 109.6 126.5 133.6 136.2 126.8 
Nonferrous metals and products 126.7 138.3 152.2 166.2 153.1 
Clay, glass, and stone pDroduetg ..-.------------ 117.5 126.0 183.5 140.7 138.7 

Total industrial produetiown - 124.3 182.3 143.4 156.3 158.0 


P Preliminary. 

1 Total includes oil and gas gran. 

Source: Board of Governors of the Federal Reserve System. Federal Reserve Bulletin, monthly issues 
February-June 1968. A description and historical data are available in Business indexes, Industrial Production, 
1957-1959 Base, published by Federal Reserve Board, monthly. 
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Table 6.—Production of mineral energy resources and electricity from hydropower and 


nuclear power 
(Trillion Btu)! 
Bituminous Natural Electricity 
Year Anthra- coal and gas, wet Crude — — — Total 
eite lignite (unproc- petroleum Hydro- Nuclear 
essed) power power 
. . . . .  . e 464 12,024 16,271 15,741 1,741 83 46,274 
96 8 436 12, 759 17,056 15,690 1,861 84 47,886 
19888 378 18,417 17,652 15,930 2,051 89 49,467 
1986-2. a es 829 18,988 18,894 16,925 2,062 58 52,256 
1967 5..............- 811 14,486 20,121 11,994 2,388 76 55, 276 


P Preliminary. 

1 Hydropower and nuclear power include installations owned by manufacturing plants and mines, as well as 
Government and privately owned public utilities. The fuel equivalent of hydropower and nuclear power is 
calculated from the kilowatt-hours produced, converted to coal equivalent at the prevailing average pounds of 
coal per kilowatt-hour produced at central electric plants, using 12,000 Btu per pound. 
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Table 8.—Calculated gross consumption of mineral energy resources, and electricity from 
hydropower and nuclear power in British thermal units (Btu), and percent contributed 


by each ! 
Petroleum Electricity 
Bitumi- (excluding Natura] ————— 

Year Anthra- nouscoal Natural natural gas Hydro- Nu- Total 

cite andlignite gas, dry gas liquids power clear 

liquids) power 

Trillion Btu 
1 98ö·.ôwb u Duy u 361 10,722 14,843 20,247 1,703 1,740 33 49,649 
19654. — — ae eae anuo 365 11,295 15,562 20,590 1,796 1,873 34 51,515 
EIERE 828 12,030 16,098 21,364 1,877 2,049 39 53,785 
l... ee 290 12,740 17,393 22 ,405 1,989 2,078 58 56,948 
1967 P... oso 274 12,583 18,251 29,153 2,178 2,338 76 58,853 
Percent 

1999 8 0.7 21. 6 29.9 40.7 3.5 8.5 0.1 100.0 
1 y 7 21.9 30.2 40. 0 3.5 3.6 .1 100.0 
196 , 6 22.4 29.9 39.7 3.5 3. 8 1 100.0 
%%ͤæ de .5 22.4 80.5 39.4 8.5 8.6 .1 100-0 
%% ⁰ . 5 21.4 31.0 39.3 3.7 4. 0 1 100. 0 


p Preliminary. 

1 Heat values employed are anthracite, 12,700 Btu per pound; bituminous coal and lignite, 18,100 Btu per 
pound; crude oil 1963, 5,718,300 Btu; 1964, 5,630,254 Btu; 1965, 5,531,000 Btu; 1966, 5,257,440 Btu; and 1967 
5,181,633 Btu; weighted average British thermal units for petroleum products obtained by using 5,248,000 
gasoline, 5,670,000 kerosine, 5,825,000 distillate, 6,287,000 residüal, 6,064,800 lubricants, 5,537,280 wax, 
6,636,000 asphalt, and 5,796,000 miscellaneous; natural gas dry, 1,032 Btu per cubic foot; natural gas liquids 
weighted average British thermal unit based on production of natural gasoline at 110,000 Btu per gallon, and 
LP gas at 95,000 Btu per gallon. Hydropower and nuclear power converted to coal equivalent at the prevailing 
rate of pounds of coal per kilowatt-hour each year at central electric stations using 12,000 Btu per pound. 
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Table 10.—Domestic supply and demand for coal 


1966 1967 » 


Thousand Trillion Thousand Trillion 
short tons Btu short tons Btu 


up ply: 
Production 1 12, 941.2 328.7 12, 256.1 811.3 
e ß , , ` LM AE e eaten ee 
EE —1,531.0 —88.9 —1, 421.8 — 86.1 
Stock hanp u ³ꝛ . 0-:r ⅛x,mü. d Eiere ¹· d K 
Losses, gains, and unaccounted for —10.2 —.2 — 84.3 — . 9 
duoi p . 8 11, 400. 0 289. 6 10, 800. 0 274.8 
Demand by major consuming sectors: 3 m 
Household and commereial _.....-------- 5,622.0 142.8 5,035.0 127.9 
Industrial 5... 2 22222 2222-2. --..- 3, 455. 0 87.8 3, 529. 0 89. 6 
Transportation 7 (7) 7 (7) 
Electricity generation, utilities 2,192.0 55.7 2,186.0 55.5 
Miscellaneous and unaccounted for. r 181.0 3.3 50.0 1.8 
TOUR uu ee ee 11 , 400.0 289.6 10, 800. 0 274.3 
n eoal and lignite: 
uppiy:- 
Production 533,881. 2 13, 987.7 551, 000.0 14, 436.2 
ImDOFR. ...—.:- Ee 8.0 4.7 212.0 5.6 
,, ß o uw see tek —49,802.4 —1,291.7 -—49,510.0 —1, 297.2 
Stock changes___._____-_.-___.__.._- ee +2,981.5 +76.8 — 18, 600.0 — 487.8 
Losses, gains, and unaccounted for —1,422.3 —87.3 —2,847.0 — 74.6 
p a eee ee 486,266.0 12,740.2 480,255.0 12,582.7 
Demand by major consuming sectors: 
Fuel and power: 
Household and commercial —! !! 19, 965. 0 575.3 17, 099.0 494.6 
Industrial 5 196, 342. 6 5,658.2 185, 901.3 5,377.1 
(Coal carbonized for coke)... ....... (95,891.8) (2, 512.4) (92,272.1) (2,417.5) 
Transportation 333 609.0 17.5 461.0 18. 
Electricity generation, utilities. 264,202.0 6,840.8 271, 784. 0 6, 552. 8 
Total... ·%·-mA 7˙¼ùmAl. Hm ee eas 481,118.6 12,591.8 475,251.38 12, 438.0 
Raw material: 85 d 
Industrial: 
Crude light ol. _....-.--.--------- 1,303.2 37.6 1,260.8 86.4 
Crude coal tak 3,844.2 110.8 3,742.9 108.3 
C ĩ·’bĩ ² mw 2 8 5,147.4 148.4 5,003.7 144.7 
r noL 5 486, 266.0 12,740. 2 480, 255.0 12, 582.7 
v Preliminary. 


1 Includes use by producers for power and heat. 

2 Includes shipments to U.S. Armed Forces in West Germany. 
; A the exception of small quantities used as raw material for coal chemicals, all anthracite is used for 

uel and power. 

4 Data represents retail deliveries to other consumers." These are mainly household and commercial users, 
with some unknown portion of use by small industries. 

5 Includes consumption by coke plants, steel and rolling mills, and other industrial uses. 

* Includes bunkers and military transportation. 

? Data not available. Believed to be small and of minor significance. 
8 Coa] equivalent based on British thermal unit value of raw materials for coal chemicals. 


"3 


REVIEW OF THE MINERAL INDUSTRIES 


Table 11.—Domestic supply and demand for natural gas 


1966 1967 v 
Million Trillion Million Trillion 
cubic feet Btu cubic feet Btu 
Supply: 
Production 1,...... 2222: 2 2 LLL LLL Lc es cL csse 17,206,628.0 18,983. : 18,171,325.0 20,121.0 
TEE eee 479, 780. 0 "495. 564, 226.0 582.8 
Exportsgs_____... . v —24. 639.0 —25. i —81,614.0 —84.2 
Stock changes —68, 855.0 —71.1  —184,829.0 — 190.7 
Transfers out, extraction loss ù½ꝶ2 . - 739 308.0 — 1,989.2 — 784, 535.0 —2,177.9 
es, gains, and unaccounted fſorrrkrtt᷑t ttt ẽẽ 222 
PJôͤ ¹˙ imm... fk sce 16, 853, 606.0 17, 392.9 17, 684, 573.0 18, 250. 5 
Demand by major consuming sectors: 
el and power: 
Household and commercial. ___...__...__- 5,760,999.0 5,945.4 6, 029, 855.0 6,222.8 
Industrial 3 22 2222222 22 22 2 L2. -- 7,662,332.0 7,907.5 8. 046. 647.0 8,304.1 
Transportation 535, 358.0 552. 5 575, 752. 0 594.2 
Electricity generation, utilities 2, 608, 768.0 2,692.2 2, 743, 251.0 2, 831. 0 
i . ZZ see 16, 567, 452.0 17, 097.6 17, 395, 505.0 17, 952.1 
Raw material: 4 
Industrial: 
Carbon black 91,154.0 94.1 84,068.0 86.8 
Other chemicals $...................- 195,000.0 201.2 205,000.0 211.6 
Total. us. L uuu uu onm Remus 286,154.0 295.3 289,068.0 298.4 
Total; u; Moe so mne oe oes 16,858,606.0 17,392.9 17,684,578.0 18, 250. 5 
P Preliminary 
1 Marketed p production includes wet gas sold or consumed by producers, losses ih transmission, producers 
additions to storage, and increases in gas pipeline fill; excludes re 5 and vented and wasted. British 
thermal unit value of production is for wet gas prior to ‘extraction of natural gas liquids. Higher values assigned 


to extraction loss are reflected in value of production for each year. 

3 Extraction loss from cycling plants represents offtake of natural gas for natural gas liquids as reported to 
Bureau of Mines. Energy equivalent of extraction loss is based on annual outputs of natural gasoline and 

ted products at 110,000 Btu per gallon and annual outputs of liquefied petroleum gases at 95,500 Btu 

per on. 

3 n transmission losses of 401,208 million cubic feet Ín 1966 and 296,214 million cubic feet in 1967. 

4 Includes some fuel and power use by raw materials industries. 

5 Eatimated from partial data. 
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Table 12.—Domestic supply and demand for petroleum ! 


1966 1967 P 
Million Trillion Million Trillion 
bbl Btu bbl Btu 
Supply: 
Crude oil: 2 
Production Geesen, deed 8 3,027.8 16,925.1 3,215.7 17,994. 3 
eh, e d WEEN 447.1 2,499.2 411.6 2,303.2 
LU 00) EE —1.5 —8.4 —26.5 — 148.8 
Stock changes — 18.1 — 101.2 — 10. 6 — 59.3 
Losses and transfers for use as crude...............- —8.1 — 45.3 —7.6 — 42.5 
VK WEEN 3,447.2 19,269.4 3, 582.6 20,047.4 
Petroleum input run to stills: 
Crude oil 2 — 3,447.2 19, 269.4 3, 582.6 20, 047.4 
Transfers in, natural gas liquids 22222. 235.6 1,088.5 244.7 1,130.5 
Total; uro eee ͥ ed ee Du 7˙1²jt a 8,682.8 20,357.9 8,827.8 21,177.9 
Output: 
Refined products. -._ 22222 LLL L22 c LLL ssl 22r 8,682.8 20,357.9 3,827.3 21,177.9 
Unfinished oils, net -2-22 2aaa anann 34.6 217.5 84.2 215.0 
Overage or Ioes .. . eee 89.5 494.8 106.6 589.9 
e VC D uuu aus u lupa UTS eet 3,806.9 21,070.2 3,968.1 21,982.8 
Importa S O T L uD SS Sp u tes ge ee 492.0 3,093.2 514.2 3,232.8 
) 9». qoe) dr Zo suti l l One u SS EE —70.9  —392.1 —85.4 —472.3 
Stock change, including natural gas liquids--.----------- —20.0 —110.6 —53.4  —295.8 
Transfers in, natural gas liquids 3 ) 233.0 900.7 269.8 1,047.4 
Losses, gains, and unaccounted for.--------------------- —80.2 —167. 0 —29.8 — 164.8 
T j : ¾˙˙ e ce Ee ⁰ ees 4,410.8 24, 394.4 4,583.5 25, 380. 6 
Demand by major consuming sectors: 
Fuel and power: 
Household and commercialll . 859.1 4,830.2 938.8 5, 260.9 
II/ ³ĩ»”w¹mmm y 484. 2,882.5 490.8 2,920. 
Transportation 6______ ꝝꝑꝑ . 2,382.6 12,777.0 2,499.0 18,418.4 
Electricity generation, utilities 144. 904.9 163.6 1,022. 
Other, not specifie lll 85.2 496.2 35.0 208.7 
Totál- d y see nee esis 8,955.7 21,890.8 4,121.7 22,820.7 
Raw material: 7 
Petrochemical feedstock offtake___________________. 212.7 965.9 235.1 1,067.9 
Other nonfuel use 224.7 1,489.8 209.8 1,348.6 
Mu eU onu ee ee eet OE oe ee pfit 437.4 2,405. 444.9 2,416.5 
Miscellaneous and unaccounted for 17. 97.9 16.9 93.4 
T QVM 8 4,410.8 24,394. 4 4,588.5 25, 330.6 


P Preliminary. 


1 Supply and demand for crude oil and petroleum products. Petroleum products include products refined and 
processed from crude oil, including still gas and liquefied refinery gas; also natural gas liquids transferred from 


natural gas. 


2 Btu value for crude oil for each year shown is based on average British thermal unit value of total output 
of petroleum products (including refinery fuel and losses) adjusted to exclude natural gas liquids inputs and 
their implicitly derived values. Value for net imports of crude is based on the average value of crude runs to 


stills. 


3 Btu values for natural gas liquids for each year shown are implicitly derived from weighted averages of 
major natural gas liquids, with natural gasoline and associated products converted at 110,000 Btu per gallon 


and liquefied petroleum gases at 95,500 Btu per gallon. 


* Btu value for imported refined products for each year shown is based on the value of residual fuel and 
unfinished oils. The value for exports of refined products is based on the average value of domestic petroleum 


products output. 


Includes natural gas liquids other than those channeled into refinery input as follows: Petrochemical 


feedstocks, direct uses for fuel and power, and other uses. 
6 Includes bunkers and military transportation. 


7 Includes some fuel and power use by raw materials industries. 
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Table 14.—Electrical energy sales to ultimate consumers 
(Million kilowatt-hours) 


Total Industrial Total Industrial 
Region consump- Residential and consump- Residential and 
tion commercial tion commercial 
1963 1964 

New Kogland -..-...0------- 82 , 086 11,263 19,596 34,207 12,018 20,889 
Middle Atlantic................ 126,287 33,978 83, 466 135, 255 36,152 89, 898 
East North Central ---.---...--- 172,816 45,914 120,037 182,871 49,058 126,920 
West North Central............ 54,005 20,985 81,076 57,500 22,570 32, 978 
South Atlantic — 110,782 87,653 68,885 120,891 41,482 75,004 
East South Central............. 98,883 23,061 74,580 102,776 25,489 75,988 
West South Central 76,946 22,969 49,993 83,938 25,100 54,574 
Mountain 38,225 9, 985 26, 573 41,045 10,957 28 , 382 
Pace 52 Llu S Zaa 118,187 34, 920 79,140 129 , 026 38 , 150 86,576 
Alaska and Hawaii 2,594 964 1,569 2,847 1,039 1,741 

Total United States....... 830,811 241,692 554,915 890,356 262,010 592, 895 

1965 1966 

New England 86,984 12,8183 22,806 40,184 18,888 24,877 
Middle Atlantic 145,248 88,850 96,783 156,302 42,088 104,153 
East North Central. 193,539 52,544 133,919 207, 521 57,005 142, 858 
West North Centraal 61,335 23, 864 35,458 66,030 25, 303 38,579 
South Atlantie 132, 883 45,178 82, 932 148,757 50, 920 92, 723 
East South Central ............ 106,314 26,811 78,118 112,594 29,589 81,463 
West South Central. ............- 92,586 27,396 60,602 102,760 29, 753 68,071 
Mountain 43 , 086 11,445 29,913 47,198 12,313 33,100 
Pacific. ....... JJ a Ti la 138 ,376 40,939 93,085 154,302 44,502 103,093 
Alaska and Hawaii 3,063 1,130 1,861 8,334 1,216 2,0 

Total United States 953,414 280 , 970 635,477 1,088,982 306 , 572 690 , 955 


Source: Edison Electric Institute. Statistical Year Book of the Electric Utility Industry. Annually 1963 
through 1966. 
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Table 17.—Value of selected minerals and mineral products imported and exported by the 
United States in 1967, by commodity groups and commodities ! 


(Thousands) 
SITC Code? Commodity Imports Exports 
Minerals, nor.metallie (crude): 
271 Fertilizers, erudee h „«„ũ eee 310, 590 395, 600 
273 Stone, sand and eravel 2. l LL Lll .l ll... 15,749 17,188 
274 Sulfur and unroasted iron pyrites..................-...- l.l... ..- 47, 668 90,974 
275 Natural abrasives (including industrial diamonds)................ 64,914 26,984 
276 Other crude minerals 132,347 86,980 
JJ —— — ——À— — — 271,268 317, 676 
Metals (crude and scrap): 
281 Iron ores and concentrate 444,079 1,585 
282 Iron and steel scrap 2. .2. 222 LLL LLL 2L Lll 222-2222... 11,614 250,929 
283 Ores and concentrates of nonferrous base metals 437 , 357 85,333 
284 Nonferrous metal scrap. ...... 2... - cl. Ll LL LLL LLL eee ee 62,750 108,398 
286 Ores and concentrates of uranium and thorium..................- S 
CA ͥͥͥͥͥͥͥͥͥͥͥͥ0ͥ˙¹¹ð·w-w.. ³¹AAA ͤ;» eee 956, 070 516,245 
Mineral energy resources and related products: 
821 Coal, coke, and briquets (including peat).......................- 16,288 501,260 
331 Petroleum, crude and partly refined 1,157,095 92,019 
332 Petroleum products, except chemicals___.._....____...-_-------- 23,844 446,870 
841 Gas, natural and manufactured. ........... k 145,789 , 226 
Tt EE 2,242,961 1,104,375 
Chemicals: 
Inorganic chemicals: 
513 lements, oxides, and halogen salt 167, 000 191, 215 
514 Other inorganic chemicals 48,780 107,671 
515 Radioactive and associated materials except uranium and thorium.. 15,992 50,640 
521 Mineral tar, crude chemicals from coal, petroleum, and natural gas. 8,781 28,912 
Tolak huh ee / da E Lt ³» Ä E 240, 558 378, 488 
Minerals, nonmetallie (manufactured): 
661 Lime, cement, and fabricated building materials, except glass and 
EEN 84,204 14,980 
662 Clay and refractory construction materials. 30,338 48,395 
663 Mineral manufactures, not elsewhere specified... l... 19, 023 66, 260 
P%§˙ĩ ˙² Q AAA ĩð 8 83, 565 129, 635 
Metals (manufactured): 
671 Pig iron, spiegeleisen sponge iron, iron and steel powder and shot, 
Aer ³ðH d y tee E 88, 706 22,482 
672 Ingots and other primary forms of iron or steel... 81,391 61,725 
673 Iron and steel bars, rods, angles, shapes, and sections. ____...___-- 885,049 49,149 
674 Universals, plates and sheets of iron or steel 564,976 149, 774 
675 Hoops and strips of iron or steel. eee 29, 625 28 , 072 
676 Rails and railway track construction material of iron or steel.. 1,858 6,886 
677 Iron and steel wire (excluding wire rod). --- -2-22-2222 2222- 84,296 10,082 
678 Tubes, pipes, and fittings of iron or steel 180,503 180,658 
679 Iron and steel castings or forgings, unworked, not elsewhere specified. , 730 52, 885 
681 Silver, platinum, and platinum group metals 85,389 30,144 
682 Copper and copper alloys o Ul n se cui s E 659,869 208, 994 
683 Nickel and nickel alloy 204,567 41,012 
684 Aluminum and aluminum alloy 243, 308 197,181 
685 Lead and lead alloys. ee 89,462 „767 
686 Zinc and zinc alloy 59, 083 8,173 
687 Tin and tin allovg ....... 22 222 LL LLL LLL LLL LLL 2L scc 2222 166,988 7,495 
688 Uranium and thorium and their alloys. ss 1 22 
689 Miscellaneous nonferrous base metals `- -22200000 a2aaanna nL 55,404 49,195 
Ve EE i MM led IE 2,985,195 1,108,146 
Grand total 6,729,607 3,554,515 


! Data in this table are for the indicated SITC numbers only and, therefore, may not correspond to the figures 
classified by commodity in the “Statistical Summary” Chapter of this volume. 
2 Standard International Trade Classification. 


Source; U.S. Department of Commerce, Bureau of the Census. U.S. Imports General and Consumption, 


EE December 1967, table 1. United States Exports, Commodity and Country, FT 410, December 1967, 
el. 
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Table 20.—Physical stocks of mineral energy resources and related products at yearend 


(Producers' stocks, unless otherwise indicated) 


Fuels 1963 1964 1965 1966 1967 v 


Coal and related products: ! 
Bituminous and lignite ? 
short tons.. 73,028,665 77,939,559 79,739,516 76,808,024 95,408,000 


(ORO cc opos eddie cuis do.... 2,884,931 1,971,892 2,702,946 3,078,768 5,467,532 
Petroleum and related products: 
Carbon black. thousand pounds 254,216 231,171 237, 704 233, 145 264,247 
Crude petroleum and petroleum 
products. .... thousand barrels. . 835,559 839,235 836,344 r 881,105 944,111 
Crude petroleum do.... 237,361 230, 057 220,289 238,391 248,970 
Natural gas liquids. ....... do.... 33, 747 35,679 35, 867 40,423 65,742 
Gasoline do 186, 860 193, 633 183, 058 194,177 207, 715 
Special naphthas do 4,077 5,879 6,209 5,588 5,742 
Distillate fuel oil. `, do.... 156,677 155,846 155,407 r 158,076 159,674 
Residual fuel oil... do.... 47,538 40, 403 56,214 r 63, 856 65, 597 
Petroleum asphalt do 14, 354 14, 231 16, 178 17, 309 19, 939 
Other refined products. .... do.... 154,945 163,507 163,122 163,290 170,732 
Natural gas 33. billion cubic feet. 2,145 2,313 2,458 2,506 2,048 
r Revised, e 


P Preliminary. 

1 Series on anthracite stocks in ground storage has been discontinued. 

? Stocks at industrial, consumer, and retail yards and on upper lake d ocks. 
3 American Gas Association. 


Table 21.—Index of stocks of mineral manufacturers, consumers, and dealers at yearend 
(1957—59 = 100) 


Metals 
Metals ———————————————————————————- 
Yearend and non- Other Base Other Nonmetals 
metals ! Total Iron ferrous non- non- 
ferrous ferrous 

1900.2: 5556 ot os: 96 94 91 85 96 96 128 
19 8 90 88 85 72 88 97 130 
1965. id yd 90 89 84 72 92 99 116 
1988 W eee 100 99 90 81 106 106 133 
1967: .. te 100 98 89 103 95 128 138 


1 Excludes fuels. 


Table 22.—Index of stocks of crude minerals at mines or in hands of primary producers 
at yearend 


(1957-59 = 100) 


Metals Metals 
Yearend and — A F Nonmetals 1 
nonmetals 1 Total Iron ore Other Nonferrous 
ferrous 
1968 a con ie 8 121 141 157 69 153 112 
1964 e MINER 113 133 153 44 147 104 
J)) a 110 149 180 41 128 92 
BEE 107 r 148 r 172 34 172 88 
KEE 107 169 186 96 177 78 


z Revised. 
1 Excludes fuels. 
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Table 23.—Seasonally adjusted book value of product inventories for selected mineral 
processing industries 


(Million dollars) 


Primary metals 
Petroleum Stone, clay 
End of year or month and coal and glass Blast Other 
products products furnace and primary Total 
steel mills metals ! 


1963: December $1,736 $1,544 $3,533 $2,385 $5,918 
1964: December. 1,745 1,587 8,707 2,404 6,111 
1965: December. .................-..- 1,756 1,626 3, 678 2, 671 6,349 
155 Decembe rr, 1,869 1,746 4,043 3,066 7,109 
December......................- 1,980 1,789 4,318 3,201 7,519 
January...... . - 8 1,930 1,772 4,088 8,052 7,140 
February... . . -------a-- -oM 1,925 1,787 4,137 8,037 7,174 
, e EEE 1,915 1,794 4,128 3,085 7,218 
;;ö·ê51aeaæ bee eb ee A E 1,950 1,819 4,204 8,134 7,888 
6 EEE AE NESE S 1,960 1,842 4,243 3,208 7,451 
(EEN 1,918 1,847 4,242 3,236 I 
M)] ee 1,935 1,835 4,257 3,238 7,495 
AUgUSL. EE 1,923 1,813 4,265 8,217 7,482 
September... 1,920 1,769 . 4,248 3,192 7,440 
October. 2 u u u. ll eee 1,925 1,792 4,273 8,191 7,464 
November 1. 930 1, 785 4,282 3, 194 7,476 


1 “All other primary metals“ obtained by subtracting blast furnace from primary metals figures. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business, v. 
44—48, No. 3, March 1964-1968, pp. S—5 to S-6. 


Table 24.— Total employment in selected mineral industries 
(Thousands) 


1963 1964 1965 1966 1967 


etal: 
Ih ³ðV¹ĩ èͤ K 24.1 24. 6 r 25.9 r 26.3 27. 5 
i ß tee eee 27.7 27.1 r 30.0 r 31.7 23.8 
Total T1: EEN 79.7 79.5 r 83.8 r 86.5 79.1 
Nonmetal mining and ougarrving. 117.0 116.2 1119.6 7120.8 120.9 

Fuels: 
Bituminous..............-..... 2. ..2. ee 137.7 136.1 131.8 1 129.9 135. 0 
d TT WEE 11.3 11.2 r 9.6 r7.8 7.0 
Crude petroleum and natural gas fields. 163.8 160.4 7156.6 7152.4 149.8 
Oil and gas field services 125.4 130.7 1 130.5 7127.4 120.7 
dur MEE 438.2 488.4 1 428.5 1417.5 412. 5 
rr usu 634.9 634.1 1 631.9 1 624.8 612. 5 

Manufacturing: 
Minerals: 

Fertilizers complete and mixing only........... 38.2 38.0 r 89.7 r 40.7 40.6 
Cement, hydraulic 38.9 38.6 38.0 r 38.0 36.5 
Blast furnaces, steel works and rolling mills 520.0 556.7 1 580.2 1 571.3 553.1 
Nonferrous smelting and refinin gg 68.4 69.7 r 73.9 r 78.1 75.5 

Fuels: 
Petroleum refining... ggg 153.7 149.6 1 148.1 *149.6 152.8 
Other petroleum and coal products. ........... 35.1 94.2 r 34.8 r 36.4 36.6 
Total. EEN 188.8 183.8 1182.9 1 186.0 189.4 
Total manufacturing 854.3 886.8 914.7 914.1 895.1 

r Revised. 


1 Includes other metal mining not shown separately. 

2 Standard Industrial Classification Industry 295, paving and roofing materials, included in total. | 

Source: U.S. Department of Labor, Bureau of Labor Statistics. Employment and Earnings Statistics for 
the United States 1909-1967. Bul.. 1312-5, October 1967, 851 pp. Employment and Earnings, v. 14, No. 9, 
March 1968, table B-2. 
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Table 25.—Average hours and gross earnings of production and related workers in the 
mineral and mineral fuels industries 


1963 1964 1965 1966 1967 
Mining: 
Metal: 
Iron ores: 
Weekly earningg $120.04 $125.83 $129.24 $138.09 $138.60 
Weekly hours ee 89.1 40.2 40.9 42.1 42.0 
Hourly earnings $3.07 $3.13 $3.16 $3.28 $3.30 
Copper ores: 
Weekly earnings $124.56 $130.42 $136.71 $140.07 $140.51 
Weekly hours 43.1 42.9 43.4 43.5 43.1 
e D ierg earnings $2.89 $3.04 $3.15 $3.22 $3.26 
otal: 
Weekly earnings. $118.66 $122.54 $127.30 $133.77 $136.83 
Weekly bourg. 41.2 41.4 41.6 42.2 42.1 
Hourly earnings $2.88 $2.96 $3.06 $3.17 $3.25 
Nonmetallic mining and quarrying: 
Weekly enrpningsg --------------- $108.38 $111.85 $117.45 1 8123.39 $128.65 
Weekly hours 44.6 45.1 45.7 45.7 45.3 
l OU earnings $2.43 $2.48 $2.57 r $2.70 $2.84 
uels: 
Total coal mining: 
Weekly earnings $119.89 $126.88 3137.51 3145.95 3150.93 
Weekly hours 2 38.8 2 39.0 2 39.9 240.3 240.5 
Hourly earnings 2 $3.12 2 $3.26 r 2 $3.46 r ? $3.62 2 $3.72 
Bituminous coal: 
Weekly earnings....... $121.43 $128.91 3140.26 *$148.44 $153.09 
Weekly hours 2 38.9 239.2 240.2 3 40.6 240.7 
Hourly earnings. 2 $3.15 2 $3.30 2 $3.49 3 $3.65 2 $3.75 
Crude petroleum and natural gas: 
Weekly earnings $112.52 $112.63 $116.18 * $122.69 $120.66 
Weekly hours 42.3 42.5 42.4 42.6 42.7 
Hourly earnings $2.66 $2.65 $2.74 r $2.88 $3.06 
Total fuels: ? 
Weekly earnings. $115.40 3118.15 3124.29 * $181.55 $138.83 
Weekly hours 40.9 41.1 41.5 r 41.7 41.8 
Hourly earnings $2.84 $2.89 $3.01 $3.16 $3.33 
Total mining: ? 
Weekly earnings $112.55 $116.19 *$121.52 $127.73 $131.85 
Weekly hours 43.2 43.6 44.0 44.2 44.0 
, Hourly earnings $2.61 $2.67 $2.77 r $2.90 $3.00 
Manufacturing: 
Fertilizers, complete and mixing only: 
Weekly earnings $90.67 $93.74 $96.57 *$101.38 $104.98 
Weekly hours 43.8 43.4 43.5 r 43.7 43.2 
Hourly earnings $2.07 $2.16 $2.22 r $2.32 $2.43 
Cement, hydraulic: 
Weekly earnings $116.60 $121.30 $124.42 $132.61 $133.40 
Weekly hours 41.2 41.4 41.2 41.7 41.3 
Hourly earnings $2.83 $2.93 $3.02 $3.18 $3.23- 
Blast furnaces, steel, and rolling mills: Ü 
Weekly enrningg $134.40 $140.15 $141.86 $145.71 $145.16 
Weekly hours 40.0 41.4 41.0 40.7 40.1 
Hourly earnings $3.36 $3.41 $3.46 $3.58 $3.62 
Nonferrous smelting and refining: 
Weekly earnings..................- $118.14 $120.22 $124.44 $129.98 $134.30 
Weekly hours 41.6 41.6 41.9 42.2 42.1 
Hourly earnings $2.84 $2.89 $2.97 $3.08 $3.19 
Petroleum refining and related industries: 
Weekly earnings. $131.77 $133.76 $138.42 $144.58 $152.87 
Weekly hours 41.7 41.8 42.2 42.4 42.7 
Hourly earnings $3.16 $3.20 $3.28 $3.41 $3.58 
Petroleum refining: 
Weekly earnings. $187.45 $139.52 $145.05 $151.56 $159.09 
Weekly hours............- 41.4 41.4 41.8 42.1 42.2 
Hourly earnings $3.32 $3.37 $3.47 $3.60 $3.77 
Other petroleum and coal prod- 
ucts: 
Weekly earnings........... $108.28 $112.49 $115.90 $120.22 $129.51 
Weekly hours............- 42.8 43.6 43.9 43.4 44.2 
Hourly earnings $2.53 $2.58 $2.64 $2.77 $2.98 
Total manufacturing: ? 
Weekly earningg --------------- $129.54 3134.43 » 3137.35 1 $141.83 $142.96 
Weekly bourg 40.6 41.3 r 41.3 r 41.2 40.9 
Hourly earnings $3.19 $3.25 r $3.32 r $3.44 $3.51 
* Revised. 


1 Includes other metal mining not shown separately. 
3 11-month average. i . 
3 Weighted average of data computed using figures for production workers as weights. 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Employment and Earnings for the United 
T „ Bull. 1312-5, October 1967, 852 pages. Employment and Earnings, v. 14, No. 9, March 1968, 
able C- 
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Table 26.—Average labor-turnover rates in selected mineral industries 1 


(Per thousand employees) 


Blast Petro- 
fur- Non- leum 
Manu- Cement naces, ferrous Metal Copper refining Petro- Coal 
Rates and year factur- hydrau- steel smelte mining Iron ore ore and leum mining 
ing lie and ing and related refining 
rolling refining indus- 
mills tries 2 


Total o ia rate: 


1006 NP EM SECHS 50 23 20 32 35 26 30 21 18 17 
Ir EAE E 44 28 25 29 35 33 28 23 17 16 
Total separation rate 

EEN 41 27 30 22 31 25 25 19 13 19 
1000... 8 46 28 24 27 35 r 30 26 21 r 15 18 
II)) 8 46 31 25 27 38 35 35 22 16 18 

Layoff rate 
1805. eeh aim 14 16 13 4 7 13 4 r7 4 9 
1960 ee 12 13 5 3 7 15 2 6 5 di 
LEE 14 17 9 3 9 17 5 6 5 5 

z Revised. 


1 Monthly rates are available in Employment and Earnings as indicated in source. 
3 Standard Industrial Classification Industry 295, paving and roofing materials, included in total. 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Employment anc Earnings Statistics for the United States’ 
1909-1967, Bull. 1312-5, October 1967, 852 pp. Employment and Earnings, v. 14, No. 9, March 1968, table D-2 


Table 27.—W ages, salaries, and average annual earnings in the United States 


Percent change 


1965 * 1966 € 1967 p 1965-66 1966-67 
Wages and salaries: 

All industries, total... ........... millions $358,885 $394,560 $423,382 9.9 7.3 
Mn! sees ues o__ 4,322 4,517 4,648 4.5 2.9 
Manufacturing do 115, 561 126, 036 134, 127 10. 8 4.8 

mete e earnings per full-time employee: 
industries, totallllsnsn $5,710 $5,959 $6,209 4.4 4.2 
Mining NIENTE CERCLE 6,785 7,125 7,545 5.0 5.9 
Manufacturing 6, 389 6, 643 6, 879 4.0 3.6 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business, v. 48, 
No. 7, July 1968, pp. 41-42. 
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Table 28.—Labor-productivity indexes for selected minerals 
(1957-59 = 100) 


Copper, crude ore mined per— Iron, crude ore mined per— 
Produc- Produc- 
Year Em- Produc- tion Em- Produc- tion 
ployee tion worker ployee tion worker 
worker man- worker man- 
hour hour 
1... i ee hua es 131.6 125.1 120.3 151.2 150.6 142.3 
190] oe See ees r 133.6 125.3 119.7 168.6 163.5 157.3 
eene ek 145.0 136.7 131.1 187.5 180.8 169.1 
LEE 146.0 136.1 129.1 183.0 176.9 162.6 
1966P oun conu meno eias ts 149.2 139.2 131.7 184.5 180.2 161.1 
Copper, recoverable metal Iron, usable ore mined 
per— per— 
Produc- Produc- 
Em- Produc- tion Em- Produc- tion 
ployee tion worker ployee tion worker 
worker man- worker man- 
hour hour 
OG Oo ia lcd lue y Li adds: 128.2 121.9 117.2 120.8 120.3 113.7 
19). eaaa a s URGES r 131.3 123.0 117.5 129.3 125.4 120.6 
an ene ⁵ðÜV?üĩ d 8 138.4 130. 5 125.2 145. 5 140. 3 131.2 
//ô⁰Ü;. x x 135. 3 126.2 119. 6 143. 8 139.1 127.8 
ELE 135.6 126.5 119.7 146.3 143.0 127.8 
Petroleum, refined per— Bituminous coal and lignite 
mined per— 
Produc- Produc- 
Em- Produc- tion Em- Produc- tion 
ployee tion worker ployee tion worker 
worker man- worker man- 
hour hour 
1982. u i AM 5ÄmZ! a i ML 135.2 138.5 137.3 r137.3 1137.5 1130.8 
1J/)/%/%“»öö»; rÜhfwf eo et ese DNE IE 142.9 145.0 146.8 7151.5 1150.1 r135.7 
SEIT %! kd yy 6 E 153.4 156.4 154.2 162.6 161.5 144.4 
ee P163.0 P165.9 P166.5 7176.7 7176.5 1154.2 
19660 Paces eke y ea! NA NA NA 186.7 188.2 162.9 


r Revised. 
p Preliminary. 
NA Not available. 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Index of Output per Man-hour Selected 
Industries 1939 and 1947-66. BLS Bull. No. 1572, October 1967, 99 pages. 


Table 29.—Index of average unit mine value of minerals produced 
(1957-59 = 100) 


1963 1964 1965 1966 1967 


Metals 
Ne c.g ß Ent i M unus 107.6 110.9 112.1 112.2 116.7 
Nonferrous: 
Hus. ea nnus p el ⁵ð³ ¾ ¹˙üꝗAA Sum E ii ie 103.7 112.5 128.2 124.8 128.7 
Montag Ä 120. 0 120. 5 120. 5 124.7 136.9 
cc ee 95.7 98. 6 99. 5 92. 3 85.9 
Total in dat ees ³·Ü¹w¹A1AàAAA ͥ ͥ A hee ua 103.2 109.7 117.7 r 117.6 120.2 
Total metals 105.4 110.3 114.9 114.9 118.5 
Nonmetals: 
Construction. 3 101.7 101.9 101.5 1101.9 104.1 
Chemicaallnnsnsn. 98.1 101.2 104.5 1105. 6 111.1 
Other MEME See Ee J ee 102.8 103.5 103.3 *103.5 108.4 
Fu JJ ͥ »AͥbPUU(ũͥ ne ets aoe eta a inr ld 101.2 101.9 102.1 r 102.6 105.5 
els: 
Coal et i eee ee ere ke 90.1 91.4 90.8 r 92.0 96.4 
Crude oil and natural gas jj 101.6 100.8 100.4 Á 7101.1 102.6 
Jůõĩõĩ§ĩC%[50 ÿ—.i.. mae ee hae 98.4 98.0 97.8 r 99.1 101.3 
Total all minerals 99.6 99.9 100.3 101.3 103.7 
r Revised. 


! Does not cover isopentane, LP gases, and other natural gas liquids. 


49 MINERALS YEARBOOK, 1967 


Table 30.—Index of implicit unit value of minerals produced 
(1957-59 = 100) 


1963 1964 1965 1966 1967 p 


Metals: 
LE e SE 108.8 112.2 :113.8 114.6 118.1 
Nonferrous: 

CH T ID UA cu e ee ae es 104.4 113.2 123.5 124.6 129.2 
Mons Sd ee .. .. ces 116.0 116.9 116.2 116.6 125.1 
UP G0 EE LEA 95.7 97.3 r 97.3 91.7 92.1 

d vd SEENEN 104.8 112.1 *121.8 122.3 122.8 

Total metals 101.2 112.8 119.4 119.7 120.0 

Nonmetals: 

Constructio· nn 101. 5 101.8 7101.6 103.2 102. 5 
III a a ee ea 8.8 101.6 7103.0 107.0 112.8 
Other. s e o locu EE 104.7 105.2 *104.2 105.8 107.5 

is TOUT une UNCLE ase d ⁵ ⁵ 8 101.2 101.9 12 102. 0 104.1 104.9 

els: 

e WEE EEN 9.7 90.9 90.6 92.1 96.7 
Crude oil and natural gas 102.4 101.6 101.5 103.1 103.9 
Total L hn UNE »». es EU es ee! 99.2 98.5 98.7 100.7 102.5 

Total all mineral 100.3 100.7 1101.5 103.3 104.2 


r Revised. P Preliminary. 


Table 31.—Price indexes for selected metals, minerals, and fuels 
(1957-59 100 unless otherwise indicated) 


Annual average Percent 
Commodity ri ri! ————— change from 
1966 1967 1966 
Metals and metal poroduets 22 22 c cL LLL 2 LLL lll lll. 108.3 109.5 +1.1 
Iron and steel 102.3 103.6 +1.3 
[roi EE EE 90.5 89.9 — 0.7 
Iron and steel scra zzz 77.3 72.5 —6.2 
Semifinished steel products. _........._.......--------- 103.7 105.0 +1.3 
Finished steel products... ... 222222 LL LLL LLL lll cler 104.7 106.1 +1.3 
Foundry and forge shop products 108.0 111.6 +3.3 
Pig iron and ferroallovng.. . 22 2L - Ll Scl l.l 80.2 80.0 —0.3 
Nonferrous metals 120.9 120.6 —0.8 
Primary metal refinery shapes 118.8 122.2 42.9 
Aluminum ingoů ttt 97.7 99. 5 +1.8 
Copper, ingot, electrolytic. __..........___.._-_-------- 123.2 130.5 +5.9 
Lead, pi , COMMON EES 116.1 107.8 — 7.1 
Zinc, slab, prime wes teen 130.0 124.4 —4.3 
Nonferrous serap_-__.. 8888 162.7 134.8 — 17.1 
Nonmetallic mineral products... 2.2 2222-2 2c LLL lll ll l-- 102.6 104.3 +1.7 
Concrete ingredients AND Sa 103.9 106.0 +2.0 
Sand, gravel, and crushed s tonnen 106.6 109.0 4-2.3 
Concrete produce: E gt Seg Na 8 103.0 105.3 +2.2 
Structural clay produeta 2222 2 2 22222 LLL cc-l-- r 108.4 110.1 +1.6 
Gypsum products____... `... . eee 102.4 102.4 8 
Other nonmetallic minerals 101.7 101.9 4-0.2 
Building itt: 88 114.6 117.6 +2.6 
Insulation materials 89.8 90.7 +1.0 
Asbestos cement shingle s 115.1 117.8 +2.3 
Bituminous binder ss 99.2 98.1 —1.1 
Fertilizer materialllns 2... LLL L2 c c- 222222222 104.4 106.9 +1.5 
Nie et .9 98.2 +1.3 
Phosphates. o] J.J... io et d E 120.9 125.6 +3.9 
Phosphate rock 145.1 147.4 +1.6 
Re o , n x Du x ED RE REO 112.5 102.7 —8.7 
Muriate, domestic 109.3 97.9 — 10.4 
i . E 119.2 120.9 +1.4 
Fuels and related products and power 101.3 103.6 +2.3 
i . ENEE E 98.6 103.2 +4.7 
Al coco o LU Do DL. ue 92.5 92.9 +0.4 
Bituminouůu ss 99.3 104.2 ＋5. 0 
e . .,. ß MEM EE 109. 8 112. 0 ＋2. 0 
C ³ð²¹¹wimA ]⁰m eU enl 129. 3 133. 6 +3.3 
Electric power 100. 3 100.7 ＋0. 4 
Petroleum products, refined.. ------------------------- 99.5 102.2 42.7 
Crude petroleum. ________-._--__--_-___------------------ 97.5 98.6 +1.1 
All commodities other than farm and fool 104.7 106.3 +1.5 
All commodities... 22222 LLL LLL LLL L2 l2 l2 cc 2s c2 2222s 105.9 106.1 +0.2 
r Revised. 


1 January 1958 = 100. 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes, January 
1967-February 1968, tables 2, 2-A, and 2-B. 
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Table 32.—Comparative mineral energy resource prices 


Fuel 1966 1967 
Bituminous coal: Average prices: | 
Cost of coal at merchant coke ovens...__._._....-..--------- dollars per net ton.. 9,81 10.50 
Anthracite, average sales realization per net ton at preparation plants, excluding dredge 
coal: 
SREL CE E usut Late dollars.. 11.59 12.08 
jd EEN do.... 9.85 9.75 
Buckwheat No ]o ccrenco . y 8 do.... 8.74 6.85 
Petroleum and petroleum products: 
Crude petroleum, average price per barrel at well do.... 2.88 2.92 
Gasoline, average dealers net price (excluding taxes) of gasoline in 55 U.S. cities 1 
cents per gallon.. 15.83 16.81 
Residual fuel oil: 
No. 6 fuel, average of high and low prices in Philadel RE 
ars 8 barrel (refinery)... 3.10 3.10 
unker C, average price for all Gulf Ports do.... 2.10 1.98 
Distillate fuel oil: 
2 distillate, average of high and low prices at Philadelphia 1 
cents per gallon (refinery)... 10.02 10.57 
No. 2 distillate, average price for all Gulf ports 111 do.... 8.74 9.48 
Natural gas: 
Average U.S. value at well. cents per thousand cubic feet.. 15.7 16.0 
Average U.S. value at point of consumption do.... 52.8 51.9 
1 Platt’s Oil Price Handbook. 
Table 33.—Cost of fuel in steam-electrical power generation 
(Cents per million Btu) 
1964 1965 1966 
Region — T  ——  — — _vç.,k]b>“sR B. 
Coal Oil Gas Coal Oil Gas Coal Oil Gas 
New England............ 83.4 34.4 84.2 33.4 34.4 84.2 83.6 32.9 33.8 
Middle Atlantic 26.0 31.7 83.5 26.2 32.3 33.8 26.5 81.9 34.4 
East North Central....... 24.6 68.2 24.8 24.3 66.2 25.9 24.4 59.8 25.9 
West North Central...... 26.0 50.4 24.3 26.2 50. 8 24.2 26.4 49.9 4. 
South Atlantic........... 25.4 33.9 82.2 25.1 83.7 32.3 25.6 33.6 31.8 
East South Central....... 19.3 50.1 24.6 18.9 62.8 23.8 19.8 52.1 22.7 
West South Central....... 14.9 42.6 19.6 17.7 50.4 19.8 ...... 40.7 19.8 
Mountain 19.2 25.7 26.6 19.3 26.2 21.1 20.4 25.4 26.7 
Peine EOM 30.7 92.2 2-22 32.0 8114 31. 5 31.5 
Avergago -.---.---- 24.6 32. 6 25.3 24.4 33.1 25. 0 24.7 32.4 25.0 


Source: National Coal Association. Steam-Electric Plant Factors. Annually, 1964 through 1966, table 2. 


Table 34.—Cost of electrical energy 


(Cents per kilowatt hour) 
1964 1965 1966 

Com- Com- Com- 

Region Resi- mercial Resi- mercial Resi- mercial 
Total dential and Total dential and Total dential and 

indus- indus- indus- 
trial trial trial 
New England............ 2.4 3.0 2.0 2.4 3.0 2.0 2.3 2.9 1.9 
Middle Atlantic 9 2.8 1.6 1.9 2.7 1.6 1.9 2.1 1.5 
East North Central....... 1.7 2.5 1.4 1.7 2.5 1.3 1.7 2.4 1.3 
West North Central...... 2.1 2.6 1.7 2.0 2.6 1.7 2.0 2.5 1.7 
South Atlantie 1.7 2.2 1.4 1.6 2.1 1.8 1.6 2.1 1.3 
East South Central 0.9 1.4 0.7 0.9 1.4 0.7 0.9 1.3 0.7 
West South Central....... 1.7 2.5 1.3 1.6 2.4 1.3 1.6 2.3 1.2 
ountain..............- 1.5 2.3 1.2 1.5 2.2 1.2 1.5 2.2 1.2 
Fefe 1. 3 1.8 1.1 1.3 1.8 1.1 1.2 1.7 1.0 
Alaska and Hawaii 2 3.0 2.2 2.5 2.9 2.2 2.5 2.9 2.2 
Total... ss 1.6 2.3 1.3 1.6 2.3 1.3 1.6 2.2 1.3 


Source: Edison Electric Institute. Statistical Year Book of the Electric Utilities Industry. Annually 1964 
through 1966. 
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Table 35.—Indexes of principal metal mining expenses ! 
(1957-59 = 100) 


Year Total 2 Labor 2 Supplies Fuels Electrical 
energy 
1903 EEN 99 96 102 100 102 
1964... EEN 98 95 102 97 101 
))) 8 102 101 103 99 101 
%/%%˙%˙ yk ER 104 103 105 102 100 
DIDI Rc Uc 109 112 107 104 101 


P Preliminary. 

lIndexes constructed using the following weights derived from the 1963 Census of Mineral Industries: 
Labor, 54.11; explosives, 2.35; steel mill shapes and forms, 6.40; all other supplies, 26.75; fuels, 4.86; electric 
energy, 5.53; and data from U.S. Department of Labor, Bureau of Labor Statistics, Wholesale Prices and Price 
Indexes. The index is computed for iron and copper ores only because sufficient data are not available for other 
mining sectors. 

2 Revised because of the change in weight values. 


Table 36.—Indexes of major input expenses for bituminous coal and crude petroleum and 
natural gas mining ! 


(1957-59 2:100) 

Year Bituminous Crude petroleum 

coal and natural gas 
%%% See 85 99 
KIT WEE 85 100 
199oõͥ ͥ ees 86 100 
1908... ose 86 100 
rue ˙ A Keke 87 100 


P Preliminary. 
1 Index based on weights derived from the 1963 Census of Mineral Industries and data from U.S. Depart- 


ment of Labor, Bureau of Labor Statistics, Wholesale Prices and Price Indexes. Annual and monthly releases. 
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Table 38.—Price indexes for selected cost items in mineral and mineral fuels production 
(1957—59 = 100, unless otherwise specified) 


1967 Change Annual average Change 
Commodity — — frm ——————————— from 
January December January 1966 1967 1966 

(percent) (percent) 
J%;ö§ö§é k ꝛð al ee Sus ae 102.3 104.9 +2.5 98.6 103.2 +4.7 
ONG: EE 112.0 11220 — 109. 8 112.0 +2.0 
Gas fuels (Jan. 1958 2100). ...............-. 134.6 133.1 —1.1 129.3 133.6 ＋3.3 
Petroleum products, refined... --------------- 100.3 99.9 —0.4 99.5 102.2 +2.7 
Industrial chemicals 96.6 98.3 +1.8 95.7 97.4 +1.8 
Lüm Der so sores he ke lata hts 104.5 111.8 +7.0 108.5 108.4 —0.1 
Explosives_.. ß ß . ER 109.4 112.0 +2.4 109.7 112.4 +2.5 
Construction machinery and equipment 121.3 126.3 +4.1 118.9 122.7 +3.2 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes January— 
February 1967, tables 2 and 2B, and January 1968, tables 2 and 2A. Monthly issues, January-December 1967, 
table 2, used to figure annual average for explosives. 


Table 39.—Price indexes for mining construction and material handling machinery and 
equipment 


(1957-59 = 100) 


Con- Mining Power  Special- 
struction machin- Oilfield cranes, ized con- Portable Scrapers Mixers, Tractors 
Year machin- ery and machin- drag- struction air com- and pavers, other 
ery and equip- ery and lines,  machin- pressors graders spread- than 
equip- ment tools shovels, ery ers, etc. farm 
ment etc. 
19888. 109. 6 109.1 102. 6 108. 8 108.1 115.1 108. 5 112.1 110.8 
1964. 112.4 110. 5 104.3 111.8 108. 5 117. 6 110.8 116.3 114.7 
1965..........- 115.3 113.3 104.7 113.7 110.38 128.7 114.2 119.6 117.6 
1966........... 118.9 116.8 106.2 118.3 114.5 133.8 117.1 123.7 120.8 
1967..........- 122.7 120.3 109.8 122.4 117.0 134.7 120.1 127.8 125.2 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes, 
January 1968, table 2A, and previous years. 


Table 40.—National income originated in the mineral industries 


Income millions Change 

Industry — ä—— —— — —— from 1966 

1965 * 1966 * 1967 » (percent) 
Miang Ee $6,116 $6,511 $6,435 —1.2 
h ⁵⁵⁰⁰ EE eg 908 1,183 912 —22.9 
Coal iin... 8 1,332 1,391 1,443 +3.7 
Crude petroleum and natural gas 2,754 2,744 2,824 +2.9 
Mining and quarrying of nonmetallic metals 1,122 1,193 1,256 +5.3 
Manufseturijeeeeeeee.dñ⸗ 172, 725 191, 798 196, 613 ＋2. 5 
Chemicals and allied produet᷑rsss .- 12, 648 13, 752 14, 511 45.5 
Petroleum refining and related industries ` 5,381 5,839 6,028 +3.2 
Stone, clay, and glass products. ....................- 5,718 5,965 5,857 —1.8 
Primary metal industries 14,735 16,148 15,194 —5.9 
AI industries osoen eeaeee Ge oe EE 564,336 620,760 652,867 +5.2 


z Revised. P Preliminary. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business, v. 48, 
No. 7, July 1968, p. 28. 
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Table 41.—Direct private investment of U.S. companies in foreign petroleum 
industries, 1966 » 


(Million dollars: net inflows to the United States (—) 


Petroleum All industries 
Book Undis- Book | Undis- 
value Net tributed Book value Net tributed Book 
begin- capital earn- value begin- capital earn- value 


ning of out- ings of end of ning of out- ings of end of 

year flows subsid- year year flows subsid- year 

iaries iaries 

Canada.... 3,356 155 89 3,606 15,223 1,087 539 16,840 

Latin American Republics, all... 3, 034 — 67 — 2,959 9,391 162 299 9,85 
Other Western Hemisphere. ........ 512 32 8 579 1,445 114 41 1,619 
(Tele EE — 3, 427 634 — 77 3,977 13,985 1,805 434 16,200 
UTICA ooo oe ⁵³ r Des yi 1,029 70 17 1,108 1,918 7 2,078 
Middle Ea 1,436 112 12 1,560 1,536 121 18 1,671 
Ot TEE 904 —8 18 907 2,08 98 2,219 
Oceania 498 12 10 521 1,813 150 9 2, 064 
International )) 1.101 — 64 28 1,047 1,985 — 71 121 2,016 
Total 2. o u 15, 298 876 100 16,264 49,828 3,543 1,716 54, 562 


p Preliminary 
1 Comprised of international trading and shipping companies. 
2 Data may not add to total due to rounding. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business, v. 47, 
No. 9, September 1967, pp. 42-48. 


Table 42.—Direct private investments of the United States in foreign mining and smelting 
industries in 1966 » 


(Millions) 
Mining and smelting 
Undis- 
Net tributed 
Value capital earnings Earnings! Income 2 

outflow of sub- 

sidiaries 
Canadi e heehee ...... 86 $1,942 $121 $67 $191 $120 
Latin America, total 1,117 —24 28 268 234 

BXICO.. ie es :o cee eeu 108 —6 11 19 
Panama L. ⅛·w.mAAA mci eee os tee, egent eee 88 
Brazil. ee ³o¹wꝛm eee 58 (3) (3) (3) (3) 

EE ee 88 494 —14 — 98 98 
EE MERCREDI 262 —9 8 99 92 
Europe J ee 54 1 —1 10 11 
ieee Some 8 369 —4 19 78 58 
South Africa, Republic ff 73 (4) 9 45 33 
Far eat. i-o usus ons ᷑ 87 (4) 3 4 1 
Oceania, total. 249 75 12 18 6 
Australia. EEN 249 76 12 18 6 
All other countries 867 52 3 96 93 
Total, all areas® s/T77)ꝰ 2.2 cc. -L-.-- 4,135 220 130 660 524 


p Preliminary. 

1 Earnings is the sum of the U.S. share in net earnings of subsidiaries and branch profits. 

2 Income is the sum of dividends, interest, and branch profits. 

3 Combined with other industries in source reference. 

4 Less than 1⁄4 unit. 

5 “All other countries” includes other Western Hemisphere, Middle East, and International. 

¢ Excludes Communist countries. 

7 Data may not add to total due to rounding. 

Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business, v. 47, 
No. 9, September 1967, pp. 42-43. 
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Table 43.—Expenditures for new plant and equipment by firms in mining and selected 
mineral manufacturing industries 


(Billions) 
Industry 1965 1966 1967 

Mining hoo ß e ate $1.30 $1.47 $1.42 
Manufacturing: 

Primary iron and steel 1.93 2.17 2.31 

Primary nonferrous metals . 68 .86 .90 

Stone, clay and glass products.. ..---------------------- . 78 .91 .78 

Chemical and allied produ et 2.69 2.99 . 2.88 

Petroleum and coal products 3.82 4.42 4.65 
All manufacturing 22. 45 26.99 26.69 

1 Including fuels. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business, June 
1967, v. 47, No. 6, p. 10; June 1968, v. 48, No. 6, p. 10. 
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Table 45.—Uses of funds for direct foreign investment by United States mining and 
smelting industries 


(Millions) 


Property, plant and Inventories Receivables 
Area equipment 


1962 1964 1965 1963 1964 1965 1963 1964 1965 


Canada. ...............- $195 $220 $265 8—12 8—15 354 319 $39 $24 
Latin America__........- 109 123 160 5 9 30 10 11 12 
Kurope E 5 8 5 —1 1 8 1 2 2 
Other areas 89 117 252 5 18 13 15 21 15 
Total... 398 463 682 —8 13 100 45 73 53 

Other assets 1 Income paid out Total uses 
1963 1964 1965 1963 1964 1965 1963 1964 1965 
Canada $60 $96 $57 $85 $164 $164 $347 $504 $564 
Latin Amer ien 16 24 22 224 170 175 364 337 399 
r (2) (2) 1 7 4 8 12 10 19 
Other areas 5 36 64 38 50 90 152 242 434 
Total... ------ 81 156 144 354 388 437 875 1,093 1,416 

1 Includes miscellaneous uses. 


2 Less than 14 unit. 


Source: U.S. Department of Commerce, Office of Business Economics, Survey of Current Business, v. 47, 
No. 1, January 1967, p. 28. 


Table 46.—Annual average profit rates on shareholders equity, after taxes, and total 
| dividends, selected mineral manufacturing corporations 


Annual profit rate (percent) Total dividends (millions) 


Industry Change Change 

1966 1967 from 1966 1967 from 1966 

1966 (percent) 
All manufacturing 4444 18.5 11.7 —1.8 $12,958 $13,262 ＋2.3 
Primary metals. ....... 22. 2 2-2 2.2.2.2... 12.0 9.0 —8.0 ,114 1, 137 +2.1 
Primary iron and steel 10.3 T.T —2.6 602 616 +2.3 
Primary nonferrous metal ......... 14.8 11.0 —3.8 511 520 +1.8 
Stone, clay.and ha products. ............ 9.9 8.2 —1.7 363 354 — 2.5 
Chemicals and allied produet ss. 15.1 13.1 — 2.0 1.717 1,783 +0.9 
Petroleum refining and related industries 12.4 12.5 4-0.1 2 2,442 2,660 4-8.9 
Petroleum retining. -...-.-.---------- 12.4 12.5 +0.1 22,430 2, +9.2 


1 Except newspapers. 
3 Corrected figure. 


Source: Federal Trade Commission, Securities and Exchange Commission. Quarterly Financial Report for 
Manufacturing Corporations, 1st Quarter and 4th Quarter 1967, tables 4, 8. 


Table 47,—Industrial and commercial failures and liabilities in mining and manufacturing 


Industry 1965 1966 1967 

Mining: } 

Number of failures.._______ 22. 2 LLL LLL LLL ls r- 84 79 71 

Current liabilities... ........ LLL. -- thousands 314, 556 315, 740 $24,576 
Manufacturing: 

Number of failures.____________ 22 2,013 1,779 1,761 

Current liabilities... LLL. thousands. . $335,768 $337,121 $301,293 
All industrial and commercial industries: 

Number of failures. __._-._-._-_..--.---.------------ 13,514 13,061 12,364 

Current liabilities..................-.___- thousands.. $1,321,666 $1,385,659 $1,265,227 


1 Including fuels. 
Source: un and Bradstreet, Inc., Business Economics Department. Quarterly Failure Report, Detailed 


Divisions of Industry, Fourth Quarter 1967, February 9, 1968, 4 pp. Business Economics, Monthly Failures, 
K-9, No. 12, January 20, 1968, 4 pp. 
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Table 48.—Estimated gross proceeds of new corporate securities offered for cash in 1967 ! 


Total corporate Manufacturing Extractive 2 
Type of security 


Millions Percent Millions Percent Millions Percent 


Bonds... c ß Oe eS a a eS $21,954 88.5 $9,894 89.5 $406 69.0 
Preferred stock... 2 2222 2222 L LLL lll 885 3.5 231 2.1 7 1.2 
Common stockc gk 1,960 8.0 933 8.4 175 29.8 

lr AAA cores os ar 24,799 100.0 11,058 100.0 588 100.0 


1 Substantially all new issues of securities for cash sale in the United States in amounts over $100,000 and 
with terms of maturity of more than 1 year are covered in these data. 
2 Including fuels. 


Source: U.S. Securities and Exchange Commission. Statistical Bulletin, v. 17, No. 4, p. 12. 


Table 49.—Plant and equipment expenditures of foreign affiliates of U.S. companies by 
area and industry 


(Millions) 
1965 r 1966 r 1967 1 
Area and country Mining Manu- Mining Manu- Mining Manu- 
and Petroleum factur- and Petroleum factur- and Petroleum factur- 
smelting ing smelting ing smelting ing 
Canada 228 8503 8952 3315 3611 $1,203 $363 $650 $1,142 
Latin America... 160 307 448 229 268 438 284 380 586 
Europe 4 603 1,877 6 718 2,260 6 1,140 2,574 
All other areas... 252 857 622 257 901 725 295 1,210 766 
Total 645 2,270 3,899 807 2,558 4,626 948 3,381 5,067 
* Revised. 


1 Estimated on the basis of company projections. 
2 Details may not add to total because of rounding. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business, v. 47, 
No. 10, October 1967, p. 17. 


Table 50.— Value of foreign direct investments in the United States 


(Millions) 
Industry 1962 1963 1964 1965 1966 P 
7////»ͤ;—ꝗ ̃ ð .. iL PA use. ia $7,612 $7,944 $8,363 38, 797 $9,054 
Petroleum... ou 202 cco oe ex Sas ad 1,419 1,513 1,612 1,710 1,740 


P Preliminary. 


Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business, v. 46, 
No. 9, September 1967, p. 61. 


UNIVERSITY OF 
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Table 51.— Rail and water transportation of selected minerals and mineral energy products 
in the United States 


(Thousand short tons) 


Rail 1 Water ? 
Change Change 
Products from from 
1965 1966 1965 1965 1966 1965 
(per- (per- 
cent) cent) 
Metals and minerals except fuels: 
Iron ore and concentrates 97,029 107,885 +10.6 66,247 72,864 +9.2 
Iron and steel scrap ---------------- 26,991 27,396 +1.5 1,365 1,499 +9.8 
e ee eee eee te oe 3,943 4,095 +3.9 850 880 +3.5 
Iron and steel ingot, plate, bars, rods, 
tubing, and other primary products... 53, 729° 53,671 —0.1 8,877 7,800 — 6.9 
Bauxite and other aluminum ores and 
concentrate ns 3, 978 4,490 --12.9 2,518 825 —67.2 
Other nonferrous ores and concentrates. . 17,592 17,221 —2.1 872 1,541 +76.7 
Nonferrous metals and alloys. .........- 8,470 9,920 +17.1 800 870 +8.8 
Nonferrous metal scrap. .............-- 2,296 2,968 -++3.1 54 47 —13.0 
TEE 2,462 2,295 —6.8 484 639 -32.0 
Sand and gravel......................- 62,094 60,002  —3.4 58,721 68,670 — 0.1 
Stone, crushed and brokcen. 67,699 65,217 —3.7 10,859 11,884 79.9 
Limestone flux, and calcareous stone_____ ........ -.-----. ------ 30,299 34,463 -+13.7 
Cement, building 26,001 26,8983 1.5 8,950 9,124 41.9 
Phosphate rock 31,265 31,601 471.1 3, 732 4,144 +11.0 
Clays, ome and refractory materials. _ 4,411 3,648 —17.3 2, y Beast Ce d éi 
UP. dry: bes ee Ee Geert Sp 
Sulfur, liquid. ...................-.-- 4,004 3.511 —12.3 7.061 7,939 +12.4 
Gypsum and plaster rock... ............- 730 707 —3.2 844 907 +7.5 
Other nonmetallic minerals except fuels. . 5,875 5,474 —6.8 4,877 4,393 —9.9 
Fertilizer and fertilizer materials 12,530 15,289 -+22.0 2,319 3,018 --30.1 
OUR EE 431,099 440,623 +2.2 211,155 228,252 +85.7 
Minera energy resources and related products: 
oal: 
Anthracite... ------------------- 10,423 8,815 —15.4 339 181 —46.6 
Bituminous and entre. 352,597 367,506 +4.2 156,645 161,894 73.4 
BEE 366 382 44.4 465 528 -+13.5 
oude petroleum 648 631  -—2.6 82, 22 Baon T 
Gaso E —————ÀÁ—— I —— —P eee , $ = P 
Jet ue eO cL OLI 3,853 3,458 —10.3 110.025 10,784 477.6 
Ker iin... 8 239 291 721.8 8, 655 7,971 —7.9 
Distillate fuel oli! 2,257 1,910 —15.4 71,581 72, 399 +1.1 
Residual fuel ol -.---------------- 3,929 4,041 +2.9 42,932 43,8323 -+0.9 
Asphalt, tar, and pitches 3,259 3,205 —1.7 7,657 7,202 —6.0 
Liquefied petroleum gases and coal gases. 5,312 5,774 +8.7 1,179 1,029 —12.7 
Other petroleum and coal products 3_ __ _ _ 9,476 9,515 770.4 9,034 10,809 +19.6 
6V ²· VmA a els 392,359 405, 528 +3.4 481,035 495,414 +3.0 
Total mineral products. .............. 823,458 846,151 +2.7 692,190 718,666 Lag 
Grand total, all commodities... ....... 1,386,090 1,447,852 +4.5 829,169 862,725 +4.0 
Mineral products, percent of grand total: 
Metals and minerals, except fuels --- 31.1 30.4 | —0.7 25.5 25.9 +0.4 
Mineral energy resources and related 28. 3 28,0 —0.3 58.0 57.4 —0.6 
producig. EE 
Total rnineral produets ............ 59.4 58.4  —1.0 83.5 83.8 | —0.2 


1 Revenue freight originated on respondent's road and terminated on line by originating carrier or delivered 


to connecting rail carrier. 


? Domestic traffic—includes all commercial movements between points in the United States, Puerto Rico, 


and the Virgin Islands. 


3 Includes lubricants, naphtha and other petroleum solvents, and miscellaneous petroleum and coal products. 


Source: Interstate Commerce Commission, Bureau of Accounts. 
Railroads in the United States for the years ended December 31, 1965 and 1966. Statements 67100 and 68100. 
Department of the Army Corps of Engineers. Waterborne Commerce of the United States, Part 5, National 


Summaries, calendar years 1965 and 1966, table 2. 


Freight Commodity Statistics, Class I 
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Table 52.—Percentage distribution of mine shipments of bituminous coal and lignite by 
method of shipment and mines use 


Method of shipment for mines 


Year Shipped by Shipped by Trucked to 
rail and water and final Used at Total 
trucked to trucked to destination mines 1 production 
rail water 
LE 11.4 13.0 2.8 100.0 
1963 EE 72.8 11.0 13.3 2.9 100.0 
Ie oT I See ay eee eae ⁰ a eer 71.7 12.2 13.5 2.6 100.0 
11%“... 72. 6 11.8 13.3 2.3 100.0 
% EE 7 11.6 12.6 3.3 100.0 


1 Includes coal used at mine for power and heat, made into behive coke at mine, used by mine employees, 
used for all other purposes at mine, and transported from mine to point of use by conveyor, tram, or pipeline. 


Table 53.—Miles of utility gas main by type of gas and by type of main 1 


Type of gas and type of main 1962 1963 1964 1965 1966 
All types: 
Field and gathering 58,680 60,720 61,010 62,110 63,330 
Transmission 196, 380 200, 940 205, 400 211, 360 217, 100 
Distributioů n 428, 170 448, 280 469, 810 494, 520 519, 610 
/ cuc sus »» ee es 683, 230 709, 940 736,220 767, 990 800, 040 
Natural gas: _ 
Field and gathering 58, 680 60, 720 61,010 62,110 63,330 
Transmission. ___.._......------------ 194,970 200, 020 204, 730 210, 780 216, 530 
Distribution 409, 910 433, 620 458, 770 484, 260 509, 840 
Ota so foe osama e sees 663,560 694,360 724,510 757,150 789, 700 
Manufactured gas: 
Field and t / / rudem m. Rus usss 
Transmission 20 (2) (2) I0 ee 
Distribution 1,480 1,490 1,460 1,420 1,180 
TOtll- oc oO ee et Saya 1,500 1,490 1,460 1,430 1,180 
Mixed gas: 
Field and gathering... EES 
Transmission 1,380 920 670 570 570 
Distributioͤnn 2-2 eee 15,080 11,890 8,310 7,810 7,800 
Total u su uu, -w ee 16,460 12,810 8,980 8,380 8,370 
Liquefied petroleum gas: i 
Field and gathering... è ³o*0 R 8 
Transmissioůo nnn dp!) , . p pas. GC EC 
Distribution 1. 700 1,280 1,270 1,030 790 
Total. 3-222 e AAA C eia iC 1,710 1,280 1,270 1,030 790 


Ee service pipe. Data not adjusted to common diameter equivalent. Mileage shown as of end of 
each year. 

? Less than 5 miles. 

Source: American Gas Association. Gas Facts, a Statistical Record of the Gas Utility Industry in 1966. 
New York, 1967, p. 57. For earlier years see Historical Statistics of the Gas Industry. 


Table 54.—Petroleum pipelines, selected years 


(Miles) 
Trunklines Gathering 
Year —ü— — —— lines Total 
Crude Products 
1953 EE 75,228 21,236 68,040 170,504 
1956. 12.525 2a eue tee er 78,594 36,420 73, 526 188, 540 
õõĩͤ¹Ü¹ ...... 8 70,317 44, 483 75, 182 189, 982 
1%%//%ööÜ ß ³¹ 1 u a suan ee eee 70, 355 53,200 16,988 200,543 


/ ᷣ Ku ĩͤ A ic UE 72, 383 61,443 11,041 210,867 
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Table 55.—Research and development activity 


Funds expended (million dollars) 


Total SE 
Company Federal Government 
1965 1966 P 1965 1966 P 1965 1966 P 
Petroleum refining and extraction. ......... 434 441 364 885 69 56 
Percent of all industries 3.1 2.8 5.6 5.3 0.9 0.7 
Chemicals and allied products.............. 1, 390 1,515 1,198 1,324 191 191 
Percent of all industries 9.8 9.7 18.6 18.3 2.5 2.8 
All industries 14, 185 15, 541 6, 445 7,254 7, 740 8,287 
P Preliminary. 


Source: National Science Foundation. Reviews of Data on Science Resources. No. 12, January 1968, table 2. 


Table 56.—Federal obligated funds for metallurgy and material research 


(Thousands) 
Fiscal year 1967 ° Fiscal year 1968 e 
Federal agency Basic Applied Total Basic Applied Total 
research research research research research research 
Department of Defenge $17,334 $69,293 $86,627 $17,247 $71,254 $88,501 
Atomic Energy Commission. ..............- 11,623 13,674 25,297 12,179 14,022 26,201 
National Aeronautics and Space Administra- 

111, ⁰ ⁵ 8 3, 872 5, 324 18,696 14, 048 7,623 21, 671 
Bureau of Mines 6, 660 6, 6600 6,099 6,099 
National Science Foundation 2,565 ....... 2,565 2,619 ......- 2,619 
Department of Agriculture 349 1,772 2,121 371 1,660 2,081 
Department of Commerce 756 895 1,651 760 942 1,7 
Other. Lus uuu Z, eeh 1,287 484 1,771 1. 109 1,090 2, 199 

S ⁵ðN y ee eee oS 47,286 98,102 145,388 48,883 102,690 151,028 


e Estimated. 


Source: National Science Foundation. Federal Funds for.Research, Development, and other Scientific 
Activities. NSF 67-19, v. 16, August 1967, pp. 136, 1837, 145, 153, 154, 165, 176, 177. 


Table 57.—Bureau of Mines obligations for mining and mineral research and development 


(Thousands) 
Fiscal year Applied Basic Development Total 
research research 
KI GE $18,905 $4,138 $2,550 $25,593 
% E E 19,733 4,355 3,118 27,206 
1966. EE 20,836 4,636 3,390 28,862 
l e EE 23,148 4,841 4,423 32,412 
0 ˙¹·¹ A 24, 356 4,945 5,175 34,476 


Table 58.— Bureau of Mines obligations for total research, by field of science 


(Thousands) 
Fiscal year 
1966 1967 1968 e 

Engineering sciences. .-..--..--.------------------- $16,594 319, 043 $20,147 
Physical sciences. e ------00-uMMMMaMMMMMMMM 8,011 6,864 ; 
Mathematical science 867 597 597 
Environmental sciences 1,485 1,491 

r 0c cece wee ve Seen $25,472 $27,989 $29,300 


e Estimate. 
1 Included in physical sciences category prior to 1967. 
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Table 59.—Summary of government inventories of strategic and critical materials, 
December 31, 1967 


Acquisition cost Market value ! 
Total inventories: 
National stockpile... 222... LLL LL. $4,388 ,825, 700 $4, 534, 725, 700 
Supplemental stockpile.. ......................-..- 1,449,253,200 1,416,223,200 
Defense Production Ae 1,009,466,200 599 , 668 , 400 
Commodity Credit Corporation 11,067,300 14,182,700 
Total on hand... ß ge ee ok 6, 858, 612,400 6, 564, 800, 000 
On ördek ⅛ĩ;2 set non dd suu t e 13, 843, 400 14, 144, 000 
Inventories within objective: 
Total on hand... u sullu ¿ul u dSccececedesec 3, 100, 420, 800 3, 183, 703, 300 
Inventories excess to objectives: 
Total on band eee 3, 758, 191, 600 3, 381, 096, 700 


1 Market values are computed from prices at which similar materials are being traded currently; or in the 
absence of current trading, an estimate of the price which would prevail in commercial markets. The market 
values are generally unadjusted for normal premiums and discounts relating to contained qualities. The market 
values do not necessarily reflect the amount that would be realized at time of sale. 


Source: Executive Office of the President, Office of Emergency Planning. Stockpile Report to the Congress, 
July-December 1967, p. 2. 
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Table 60.—U.S. Government stockpile disposal of mineral commodities, 1967 


Commodity 
Quantity Sales value 
National and supplemental stockpile inventories: 

VE short tons 36,806 $18,072,383 
e,, EE o... 78 48,495 
Asbestos, amosi te do 350 60, 600 
Asbestos, erocidolite!kk eee do.... 150 28,500 
Bauxite, refractor WWW: long calcined tons 48,500 1,988,825 
Bauxite, refraetor // long dry tons 16, 597 700, 508 
Bismuth ou c ⁰ aa ee Sa ee pounds 64, 500 258, 075 
e EE do 825, 646 2, 052, 345 
Chromium, metallurgical... ---.------------------ short dry tons 591,744 13,868,261 
Colemanite._... ... wes Se ete See elses eee long dry tons 67,506 4,898 
i uu E mmDxDꝛ xx... 88 short tons 150, 000 114, 890, 834 
Diamond stones, Industrial... carets__ 30,350 285, 
h ³o—o'i ͤ um wm 88 short dry tons 15, 642 489, 594 
Graphite, Malaga short tons 215 1 (— 4,993) 
Graphite, other than Ceylon and Malagasy..............-.-- do 246 34, 52 
ôä0öõÜ5§ ...“... do 16, 725 4, 740, 780 
Mae ³˙ð¹¹ ³² Ad k . 88 do- 2,456 1,504,145 
ett metallurgical........................- short dry tons 387, 764 10, 212, 879 

MT et Lis ed el EE pounds 18, 696 291 
Molybdenum EE do 2, 886, 607 3, 870, 978 
JJ ͥͥͥͥͥͥͥ‚ eut e ͤkKdßkͥ mr Oe aa aa Sr do.... 18,600,283 2 22, 981, 265 
Platinum group metals: 

Rhodium: C U U oe estes Ses ec dE troy ounces.. 173 86,407 
Ruthelnum. EEN do.... 1,700 66,109 
Quarte err x ͤ v qua LS pounds 130, 220 739, 597 
Rares ...... ˙ ] x ee short dry tons 319 131, 446 
17;!ö·Ä˙Ü⁊ nt. y y 8 short tons 10 1,600 
Us ote oot Be le . ince ĩð2ͥ y ü long tons 6,139 21, 202, 568 
))%)%///öõößw»ĩĩêĩ;d t?%˙ð˙ꝛʃũ r A seu RENE short tons 26, 957 3 7, 782, 615 
TOt u y ] UL y ³ Gꝶ¼ꝗß y y y eS 226, 734, 474 
Defense Production Act (DPA) inventory: 
/%%/hÜ¹⁵ é² ⁵ä́gʃ¼˙à½].. 8 short tons 8,946 4,662,306 
Asbestos, chrysotile. ... 2.22 22 LLL Lc cl slc ccce ses cesa do.... 22 36,339 
TEE pounds 6,031,978 10,181,819 
Slum ⁵ð do 553, 841 4, 141, 156 
Manganese, metallurgical. .......................- short dry tons 28 , 887 524, 072 
Jã ĩ˙i Aq... k d ⁰ d ea hae pounds 903, 150 
eee, , , sb AM 2 short tons 1,280,887 
KT EE pounds-tungsten content. . 6,444,590 15, 870,301 
SELON um a a lea ?]“ ñꝛn ę . 8 37, 550, 030 
Federal PRO Act Inventory: 
ECU Lco ß ß Em tA flasks. . 7,108 3,485,135 
Other 
INE UNE EE kun See es LL ML ME 8,036 4,019, 632 
IK WEE (fine) troy oun ces 21,510, 666 
Total: EE 25,530,298 
Grand t0tal EE 293, 299 , 937 


1 Includes credit adjustment for prior period. 


Sales commitments 


2 Includes $3,645,181 which represents a price increase between date previous sales committed and delivered. 


3 Includes AID sales of 7,337 short tons at a value of $2,115,622. 


4 Represents that portion of the total proceeds in excess of the U.S. monetary value based on $1.2929 per 


ounce; 43,151,860 ounces of silver were sold at an average price of $1.7913. 


Source: 
January-June 1967, pp. 13-14, and July-December 1967, pp. 13-14. 


Executive Office of the President, Office of Emergency Planning. Stockpile Report to the Congress, 
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Table 61.—United Nations indexes of world ! mineral industry production 


(1963 = 100) 
Canada and Latin Asia: Non- 
the United America?  Eastand Europe‘ Communist 
States Southeast 3 world 5 
Extractive industries: 
etals: 
J901 oe Sede u unus 106 105 103 106 107 
eelere 111 108 111 108 111 
Een EEN 117 115 113 104 114 
First quarter 112 NA 112 100 110 
Second ouarter 127 NA 120 107 120 
Third quarter 110 NA 119 99 114 
Fourth ouarter ....-------- 97 NA 120 114 115 
T Annual average 112 NA 118 105 115 
oal: 
1964 ð—- 106 106 97 100 101 
EILER 111 96 100 96 100 
KEE 114 106 103 90 97 
1967: 
First ougrter. .------------ 114 NA 105 88 96 
Second ouarter 117 NA 103 85 95 
Third quarter. 111 NA 97 76 87 
Fourth quarter 116 NA 99 87 95 
Annual average. 115 NA 102 84 93 
Crude oil and natural gas: 
%//·ĩ¹9 102 105 117 110 106 
1 öÜöð ese ⁊ xiu 105 106 127 120 111 
1009 ——— —— ¾ — o — 111 105 136 127 119 
First quarter 115 NA 157 127 126 
Second quarter 112 NA 152 186 120 
Third quarter 119 NA 166 187 127 
Fourth quarter 119 NA 165 147 128 
Annual average 119 NA 160 137 125 
Total extractives: m. 
1964 o d u ³ü A ERE Sie 104 109 109 104 105 
1905... 22222: 242v 8 197 115 116 103 109 
ees rcp HIDE NIRE 113 120 122 101 114 
First quarter... 114 NA 133 99 116 
Second quarter. 116 NA 136 101 116 
Third quarter. 119 NA 138 94 117 
Fourth quarter 116 NA 139 104 120 
Annual average 116 NA 136 100 117 
Manufacturing industries: 
ase me 
1964.2 u. ut ur ee be 114 112 118 112 114 
1I177•öö. b ͤ os ee c d 121 116 121 118 120 
Ih. A ae 126 126 187 117 124 
1967: 
First quarter 121 NA 157 119 125 
Second quarter... 119 NA 164 121 126 
Third quarter. 111 NA 170 112 120 
Fourth ouarter .....- 120 NA 175 124 129 
Annual average 118 NA 166 119 125 
Nonmetallic mineral products: 
jp EE 107 110 113 113 111 
1965. eee 114 115 119 115 115 
1907 TX ĩðò vu De adie dee 120 123 128 119 121 
First quarter 107 NA 136 106 110 
Second quarter. 119 NA 145 127 125 
Third quarter. ...............- 125 NA 147 124 128 
Fourth quarter 121 NA 156 124 127 
Annual average 118 NA 146 120 128 
Chemicals, petroleum and coal products: * 
LI EE 107 106 112 113 109 
TEE 8 115 112 122 123 118 
e M ot ned DL ͤ Vet dee 127 120 136 135 130 
First quarter 130 NA 148 148 135 
Second quarter... ............- 133 NA 151 145 139 
Third quarter. 133 NA 156 139 137 
Fourth quarter. 137 NA 169 152 144 
Annual average 133 NA 156 146 139 


See footnotes at end of table. 
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Table 61.—United Nations indexes of world ! mineral industry production—Continued 


(1963 = 100) 
Canada and Latin Asia: Non- 
the United America: East and Europe’ Communist 
States Southeast ? world 5 
Manufacturing industries—Continued 
Total manufacturing: ? 
%%%é16õ..w E AEE EE A E 107 109 113 107 108 
TEE 116 116 119 112 115 
nem J7ͤͤ ðͤ Ku RF 127 121 182 116 123 
First d EE 127 NA 144 115 124 
Second ousarter -------- 128 NA 147 120 127 
Third quarter 126 NA 152 110 128 
Fourth quarter 131 NA 160 125 181 
Annual average 128 NA 151 118 126 
Overall industrial production: * 

UI i ↄ D bu id 107 109 118 107 108 
ME 116 115 119 112 115 
1385 EEN 126 120 131 116 123 

First quarter CCC 126 NA 144 116 124 
Second quarter. 128 NA 146 119 126 
Third quarter. ...............- 126 NA 151 109 122 
Fourth quarter 130 NA 158 125 131 
Annual average 127 NA 150 117 126 
NA Not available. 


1 Excludes a number of countries of the Middle East and Africa for which data are not available and for 
which no estimate has been made, as well as all Communist countries except Mongolia. 

3 Central and South America and the Caribbean Islands. 

3 Afghanistan, Brunei, Burma, Ceylon, Hong Kong, India, Indonesia, Iran, Japan, South Korea, Malaysia 
(exclu ing Sabah), Mongolia, Pakistan, Philippines, Singapore, Taiwan, Thailand, and South Viet-Nam. 

‘All of Europe except Albania, Bulgaria, Czechoslovakia, East Germany, Hungary, Poland, Rumania, 
U.S.S.R., and Yugoslavia. 

s Excludes European Communist countries listed in footnote 4, Asian Communist countries ( d China, 
North Korea, and North Viet-Nam) and a number of Non-Communist countries in Africa and the Middle East 
as indicated in footnote 1. It should be noted that Mon olia, a Communist country is included. 

¢ Included in this table because of the importance of coal, petroleum, and their products in the mineral 
industry; these data, however, take into account elements of the chemical industry not considered as a part of 
the mineral industry elsewhere in this volume. 

7 Aggregate of all manufacturing industries including food, beverages, tobacco, textiles, clothing, wood, wood 
cee aper, paper products, and metal products as well as the three mineral-based manufacturing sectors 

e above. 

5 Includes all extractives and manufacturing sectors, as well as the electric power and manufactured gas 

industries; excludes the construction industries. 


Source: United Nations. Monthly Bulletin of Statistics. New York, May 1968, pp. x-xxi. 
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Table 65.—Estimated world ! consumption of major nonferrous metals 


Metal 1963 1964 1965 1966 1967 
Aluminum ..------------ thousand metric tons. 5, 319 5, 834 6,496 r 7,044 7,883 
rr AAA ee ees do. 5,401 r 5,921 r 6,121 r 6,442 6,072 
E, E l ð«ði— m y SG =s do.... 2,658 2,783 2,794 r 2,946 3,029 
d KEE one ERE ne ee E thousand long tons 162 r 168 t 165 r 166 166 
VAT t ROREM TONNERRE thousand metric tons.. 3,466 3,864 3,995 4,056 3,983 
r Revised. 
1 In general, major consuming countries only have been included; sum of consumption by excluding minor 


consumers may be 5 ata included for Communist countries (excluding Yugoslavia) are listed as 
conjectural in source. 

2 Partial, according to source, but apparently includes secondary metal. 

3 Primary and secondary refined. 

‘ Chiefly primary, may include some secondar 


y. 
$ Primary only. As reported by the International Tin Council. Non-Communist countries excluded except 
for Yugoslavia. 


* Primary and secondary slab. 


Source: Yearbook of the American Bureau of Metal Statistics (Forty-Seventh Annual Issue for the year 
1967) New York, 1968, 148 pp. 


Table 66.—Indexes of ocean freight rates 


(1963-100) 
London Trip charter 
tanker 
brokers West Germany Nether- Norway 
panel ———— land | —————————————— 
Dry cargo Tankers (general) Dry cargo Tankers! 
1964... — — — —eá— 93 101 90 114 100 92 
.. 8 90 110 90 114 112 90 
90.0... eee ee ee 89 100 84 100 97 84 
1967: 2 
First quarter NA 91 66 1 83 92 67 
Second quarter NA 102 181 1 82 101 198 
Third ouarter ..-..------—- NA 111 246 NA 116 260 
Fourth quarter. NA 117 152 NA 114 146 
Annual average 78 102 154 NA 104 155 
Trip charter, United Kingdom Time charter 
Fertilizer Norway United 
General Coaltrade Ore trade trade (dry cargo) Kingdom 
(dry cargo) 
18 A E 103 96 103 112 112 114 
1.ö/õĩðĩ%⁵OL a ee 116 105 120 136 126 128 
f w K Sumu 104 88 94 128 113 126 
1967: 2 
First ouarter -.-------- 97 80 72 146 102 113 
Second quarter. 104 92 NA 3 244 108 116 
Third quarter. 115 116 * 120 4 242 131 140 
Fourth quarter 134 111 NA 239 126 182 
Annual average 111 95 85 186 113 124 


NA Not available. 

1 Actual quarterly average. 

2 Except as noted, quarterly figures are those for the last month in the quarter. 
3 June not available, July used instead. 

4 September not available, October used instead. 
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Table 67.—Mineral commodity export price indexes ! 


(1963 = 100) 

Year and quarter Metal ores Fuels Total 
öÜ5u ĩ]˙ð §¹ꝛ . yd y at cat : 108 100 102 
1965.2 locu Ree ³ĩð ſ EE 114 101 104 
1966322222 EE ⁰- : y ß 115 101 104 
1967: 

January to Maren 108 101 108 
ApriLto JUN Go oS a ee i ee mae 8 107 100 102 
July to Septederrrrrrnrrrr 108 101 102 
October to December 111 101 108 

Annual average 109 101 108 


United Nations. Monthly Bulletin of Statistics. June 1968, special table C II, p. xvii. 
? Derived from 1966 quarterly averages, Annual figures for 1966 erroneously reported. 


Table 68.— Analysis of export price indexes ! 
(1968 = 100) 


Developed areas Less-developed areas 


Total Nonferrous Total Nonferrous 
minerals base metals minerals base metals 


Year and quarter 


1964... eee ei udi dy ꝛ ee el 105 116 102 124 
KIT 106 129 108 146 
EE 107 144 108 177 
1967: 
January to Maren 105 138 102 162 
April E TEEN 108 180 102 146 
July to September 104 181 102 148 
October to December... EE de ated SPA 106 143 102 168 
Annual average 105 185 102 156 


! United Nations. Monthly Bulletin of Statistics. June 1968, special table C III, p. xvii. 


Technologic Trends 


in the Mineral Industries 
(Metals and Nonmetals 


Except Fuels) 


By John L. Morning 


Great strides have been made in min- 
ing practices, mining equipment, and 
mining technology in the past 20 years. 
Mining equipment has greatly increased 
in size and complexity to handle the 
higher volume of materials necessary to 
relieve the ever-increasing demand for 
mineral products. With the advent of the 
space age and the development of new 
technologies, such as sophisticated auto- 
mation, closed-circuit television, com- 
puters, and lasers, companies have 
turned to these advanced technologies to 
reduce costs. 

In 1967, larger equipment was being 
developed to do work more easily, faster, 
and more economically? Interest con- 
tinued in the use and development of 
mobile tunnel-boring and raise- boring 
machines. It has been predicted that in 
10 years, tunnel-borers will be used for 
80 percent of all tunnels driven in the 
United States.“ 

Nuclear mining and bacterial leaching 
are new techniques that hold promise 
for future development of low-grade de- 
posits that cannot be mined by conven- 
tional methods.* 

In open-pit mining the evolution of 
larger cost-cutting equipment continued. 
Improved rotary drills were no longer 


restricted to soft formations and were 
replacing jet piercers and percussion 
machines in some applications. Shovels 
of 15 to 30 cubic yards were under de- 
velopment as front-end loaders made a 
move to replace smaller shovels and may 
soon challenge large ones. Along with 
the development of large shovels, haul- 
age units with engines of 1,000 to 1,300 
horsepower, were under test.“ Worldwide 


1 Commodity specialist, Division of Mineral 


Studies. 
2 Tobie, Raymond L. Underground Mining. 
Min. Cong. J. V. 54, No. 2, February 1967, pp. 


s Robbins, R. J. and D. L. Anderson. 
Machine-Bored Tunnel and Raises: Their Ap- 
plications to Underground Mining. Min. Eng. V. 
53, No. 7, July 1967, pp. 156-160. 

4Engineering and Mining Journal. Mining 
In-situ By Nature’s Easy Way, V. 168, No. 
10, October 1967, pp. 75-80. 

Mining Engineering. Kennecott Proposes Nu- 
clear Mining Experiments at Safford Deposit. 
V. 58, No. 11, November 1967, pp. 66-67. 

5 Atkins, J. "T. Open-Pit Mining. Min. Cong. 
J. V. 58, No. 2, February 1967, pp. 127-186. 

Carthew, Dougi as J. Open-Pit Planners Face 
Complex Problems When Designing the Total 
Mine Operation. Eng. and Min. J. V. 168, No. 
9, September 1967, pp. 98-106. 

Dotson, Jacy C. 5 Developments. Min. 
Eng., V. 53, No. 2, February 1967, pp. 85-88. 

Herde, Roy S. Open-Pit Mining. Min. Cong. 
J. V. 54, No. 2, February 1968, pp. 181-185. 

Hurlbut, Steward W. Open-Pit Stripping and 
Mining Moves on Rubber. World Mining, v. 

Singhal, R. K. Some Recent Development 
Trends for Surface Mining. Mining & Minerals 
EE V. 8, No. 8, March 1967, pp. 
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new mine developments and mine ex- 
pansions continued at a high level.® 

Paralleling the: technological advance- 
ments in borehole drills and earthmoving 
equipment, an even greater technologic 
trend has occurred in the use of explo- 
sives in the minerals industry since 1956.’ 
The development of ammonium nitrate 
and fuel oil as a blasting agent has 
proven economical to the mining in- 
dustry, particularly in open-pit mining. 

Total material handled in the minerals 
industry decreased for the first time since 
1962, principally because of the copper 
strike in the second half of the year. 
Surface mines continued to dominate the 
output of ore despite only a small in- 
crease in output over the past 5 years. 
Although metal mines decreased in num- 
ber during the 5-year period, the trend 
was toward higher output of ore for 
those in operation. 

The average value of principal min- 
eral products and byproducts produced 
continued to increase, although the indi- 
cated annual growth rate for the past 
5 years has been only 1 percent. 
Average value of byproducts from metal 
and nonmetal mines decreased from 
1966 values. The ratio of ore to market- 
able product continued to increase for 
metal mines, indicating the constant de- 
cline in grade of ore mined. 

Exploration and development work 
significantly increased for the year, pri- 
marily because of the surge in uranium 
activities. Rotary drilling was the most 
popular method employed and accounted 
for 53 percent of all exploration and 
drilling activities. 

The historical data of industrial ex- 
plosives consumption, with emphasis on 
explosives consumed by the minerals in- 
dustry, indicates the shifting pattern of 
usage brought about by technological 
advances. Traditionally, the minerals in- 
dustry accounts for over 70 percent of 
the total industrial consumption of 
explosives. With the development of the 
low cost ammonium  nitrate-fuel oil 
(AN-FO) blasting agent, this explosive 
has captured an increasing share of the 
market. 


Materials Handled.— Total ore and 


waste material handled at metal and 
nonmetal mines and quarries in the 
United States decreased for the first 
time since 1962, thereby ending a steady 
5- percent growth rate. Although the 
quantity of material handled in 1967 
decreased from that of 1966, it still 
exceeded that handled in 1965. The 
largest decrease compared with 1966 
occurred in crude copper ore, and re- 
sulted from work stoppages in the copper 
industry during the second half of the 
year. Other mineral products that 
showed a notable decrease in material 
handled were placer gold, iron ore, 
titanium concentrate, potassium salts, 
sand and gravel, and crushed and broken 
stone. Mineral products that indicated 
a significant increase in material han- 
dled were molybdenum, uranium, and 
phosphate rock. 

Reported material handled exceeded 
100 million tons in eight States with two 
States essentially handling that amount. 
Florida replaced Arizona as the leading 
State in total material handled owing 
to the combination of increased activity 
in the phosphate rock industry in 
Florida and reduced output of copper 
ore in Arizona. Increased output oc- 
curred in three States, Florida, New 
Mexico, and Ohio, while output was es- 
sentially unchanged in Michigan and 
Pennsylvania. Decreased output, mostly 
in crude ore, was reported for Arizona, 
California, Minnesota, New York, and 
Utah. 

Copper and iron ore mines continued 
to head the list of leading metal mines 
in total materials handled. The Ana- 
conda Company at Twin Buttes, Ariz., 
became the leader when development of 
its open-pit copper mine was accelerated. 
The Hoyt Lake, Minn., open-pit iron 
ore mine of Pickands Mather & Co. be- 
came the leading producer in output of 
ore. Phosphate rock producers continued 
to dominate the listing of leading non- 


6 Engineering and Mining Journal. Mine Ex- 
pansion Coasts on New High. V. 169, No. 3, 
February 1968, pp. 83-111. 

7 Garfield A. M., and Vernonn O. Cook. 
Modern Open-Pit Blasting Practice, Eng. .and 
Mn V. 168, No. 9, September 1967, pp. 
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metal mines with the Kingston, Fla., 
facility of International Minerals & 
Chemical Go. holding first place. 


Comparison of Production From Surface 
and Underground Mines. — Surface mines 
accounted for 83 percent of the metal 
ore and 96 percent of the nonmetal 
material produced. In addition, surface 
mines accounted for 96 percent of total 
material handled. During the past 5 
years the percentage of ore and material 
handled at metal and nonmetal mines 
has remained relatively stable with only 
a small trend indicated for increased 
surface mining. 


Magnitude of the Mining Industry.— 
During the past 5 years the number of 
metal and nonmetal mines, excluding 
sand and gravel plants, reporting crude 
ore production increased from 7,093 to 
8,284. Although the number of metal 
mines decreased from 1,449 to 1,372, 
nonmetal mines more than offset the loss 
by increasing from 5,644 to 6,912. The 
largest increase was in the crushed and 
broken stone category, reflecting in- 
creased activity in the construction in- 
dustry. The largest loss in number of 
mines was in the gold mining industry 
where increasing costs forced closure of 
many smaller operations. 

The number of mines that produced 
more than 10 million tons of crude ore 
decreased from 14 in 1966 to 12 in 
1967. Two copper mines, two crushed 
and broken stone mines, and one placer 
operation fell from this category, while 
one iron ore mine and two phosphate 
rock mines increased output to over 10 
millon tons. 

Although metal mines have decreased 
in number since 1963, the number of 
mines handling 100,000 tons to 1 million 
tons of crude ore increased from 169 to 
290. Total number of mines producing 
over 1 million tons of crude ore more 
than doubled in the 5-year period, in- 
creasing to 405. 

The average value of principal mineral 
products and byproducts mined during 
the past 5 years indicates a growth rate 
of about 1 percent per year. The ratio 
of average value of metals and non- 
metals (including byproducts) recovered 
from underground operations to that of 
surface operations, remained at 3.6. In 
1963, the ratio was 3.8. The average 


value of byproducts in ore from metal 
mines dropped to 32 cents per ton from 
37 cents per ton in 1966. The average 
value of byproducts in nonmetal ores, 
sand and gravel excluded, also decreased, 
totaling 15 cents per ton compared with 
20 cents per ton in 1966. 


Ratio of Ore to Marketable Product.— 
The ratio of ore to marketable product 
for most metal mineral products was 
larger in 1967 than for 1963. This re- 
flects the constant decline in grade of 
ore mined. The ratio of crude nonmetal 
materials to marketable products re- 
mained virtually unchanged from that of 
1963. Although the ratio varied for 
particular mineral commodities, the high 
tonnage materials, with the exception of 
phosphate rock, kept the ratio constant. 

The trend of the increased ratio of ore 
to marketable products for metal mines 
was outweighed by a more significant 
trend in the ratio of total material 
handled to marketable product. Almost 
without exception, this ratio increased 
during the past 5 years for both metal 
and nonmetal mineral products. With 
the ever increasing demand for mineral 
commodities, the ratio can be expected 
to further increase as lower grade de- 
posits and deposits with increased 
stripping ratios are developed. 


Underground Mining Methods. Under- 
ground mining accounted for 6 percent 
of the total ore output in the United 
States and about 5 percent of the total 
material handled. This compares with 7 
percent of the ore output and over 5 
percent of the total material handled in 
1963. Ore mined by open-stoping in- 
creased to nearly 78 percent of the 
total compared with an average of 75 
percent during the preceding 4 years. 
The percentage of ore mined by block 
caving decreased to 20 percent of the 
total (23 percent in 1966) owing to a 
5½-month work stoppage in the copper 
industry. All the bauxite, feldspar, trip- 
oli, and wollastonite were mined by 
natural supported open-stoping. Most of 
the molybdenum ore was produced by 
the block caving method. 

Colorado, Michigan, Missouri, and 
New Mexico were the leading States in 
underground mining. No underground 
mining was reported in 10 States. 
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Surface Mining.—Practically all mate- 
rial at surface mines was handled me- 
chanically. Multiple bench metal mines 
accounted for most of the ore output of 
copper, lode gold, iron ore, and nickel. 
Most of the nonmetal ore output was 
recovered from open-pit or single bench 
mines. The major mineral commodity 
exceptions were, asbestos, boron minerals, 
diatomite, kyanite, and vermiculite, all 
multiple bench. 

Driling and blasting were required, 
prior to loading, for most high-tonnage 
metal ores, whereas most high-tonnage 
nonmetal ores required little or no 
blasting prior to loading. 

During the past 5 years, the relation- 
ship at surface mines between total ma- 
terial handled that required blasting 
and material not requiring blasting has 
essentially remained unchanged, despite 
numerous shifts in the ratio for indi- 
vidual commodities. 


Exploration and Development.—The 
reported footage for exploration and 
development of metal and nonmetal 
mines increased 40 percent compared 
with 1966 levels and was the highest 
total since 1961. All of the increase oc- 
curred at metal mines, whereas the total 
footage for nonmetal mines decreased to 
the lowest ever reported. Rotary drilling 
increased from 41 percent in 1966 to 53 
percent of the total in 1967, at the ex- 
pense of other methods reported. During 
the past 5 years, rotary drilling replaced 
percussion drilling as the leader in total 
footage for exploration and development 
activities. 

Five States, Colorado, Idaho, New 
Mexico, Utah, and Wyoming, accounted 
for two-thirds of the exploration and 
development activity. Among the larger 
mineral commodities, copper and iron 
ore decreased in total footage, while the 
footage for lead, uranium and zinc 
significantly increased. Uranium ac- 
counted for 53 percent of all exploration 
and development work. 


Explosives.— The historical pattern of 
industrial consumption of explosives, 
with particular emphasis on explosives 
consumed by the minerals industry, has 
been compiled from data that originally 
appeared in annual explosives issues of 
the Mineral Industry Surveys prepared 
by the Bureau of Mines, Division of Ac- 
cident Prevention and Health. 


Total domestic industrial consumption 
of explosives varies with the domestic 
economy with notable decreased usage in 
years of depressions or recessions. Prior 
to 1930, industrial consumption averaged 
about 500 million pounds annually. In 
1932, consumption decreased to a record 
low of 234 million pounds, while in 1956 
consumption exceeded 1 billion pounds 
for the first time. During the past ten 
years new consumption records have been 
set each year, except for the off year of 
1958. 

Of the total industrial explosive con- 
sumption, the minerals industry ac- 
counted for 75 percent of usage in 1920; 
75 percent in 1930; 73 percent in 1940; 
78 percent in 1950; 77 percent in 1960; 
and 69 percent in 1966. 

Granular black-blasting powder was the 
principal explosive used in coal mining 
early in the century, but after a record 
high consumption in 1917 —usage de- 
clined until today when consumption is 
insignificant in the minerals industry. 

Pellet type black-blasting powder was 
introduced in 1925 and gained accept- 
ance in coal mining, reaching a record 
high consumption in 1936. Historically 
only small quantities have been used in 
the metal mining industry; however, 
some acceptance was gained in quarrying 
and nonmetal mining until 1941, after 
which consumption steadily declined. 

Consumption of permissible type ex- 
plosives reached a peak during the 
period of 1946 to 1957 with coal mining 
the major consuming industry. 

Since 1925, the most generally used 
explosive in the mineral industry has 
been high explosives, other than permis- 
sibles. This category of explosive in- 
cludes ammonium nitrate, both processed 
and unprocessed, and since 1956 this 
explosive has become a major factor in 
the explosive industry. Ammonium ni- 
trate accounted for 58 percent of high 
explosives, other than permissibles, used 
in the minerals industry in 1959; 63 
percent in 1960; 66 percent in 1961; 70 
percent in 1962; 76 percent in 1963; 76 
percent in 1964; 77 percent in 1965 and 
78 percent in 1966. 

The historical decline in consumption 
of granular and pellet black-blasting 
powder and other type of explosives, to- 
gether with the large demand for 
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mineral products in recent years, resulted 
in the rapid growth in consumption of 
high explosives, other than permissibles. 
Total demand reached over 250,000 tons 
in 1956 and over 500,000 tons in 1963. 

Data for domestic consumption of 
liquid oxygen explosives in the mineral 


industry was first collected in 1947. Con- 
sumption reached a maximum in 1953, 
but steadily declined during the next 10 
years. Since 1963, however, use of liquid 
oxygen explosives in coal stripping opera- 
tions resulted in consumption returning 
to about the 1957 level. | 
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Table 3.—Value of principal mineral products and byproducts of surface and underground 
ores mined in the United States in 1967 


(Value per ton) 


1 Including unpublished data. 


Surface Underground All mines 
Ore Principal By- Principal By- Principal By- 
mineral products Total mineral products Total mineral products Total 
product product product 
Metals: 
Bauxite $7.89 ...... $1.89. 1. limus deem. $7.89  ...... $7.89 
Beryllium. ......... E DEENEN EL EE 2.33 e 2.83 
poppet S 5.22 30.29 5.51 $7.73 $0.93 $8.66 5.56 $0.38 5.94 
old: 
Lode........... 12.99 .04 13.03 12.26 2.81 14.57 12.51 1.52 14.03 
Pla cer J ¿ITU secon Mester 8 ¿LT EE 17 
Iron ore --.-.--- 8.59 ...... 8.59 7.41 .25 7.66 3.89 . 02 3.91 
68d... 5 eu 18.10 21.00 39.10 10.05 4.34 14.39 10.06 4.36 14.42 
Mercury..........- 18.25 ...... 18.25  À 43.12 ...... 43.12 28.73 ...... 28.73 
Molybdenum....... 4.88 ...... 4.33 5.39 .19 5.58 5.19 .16 5.35 
Platinum-group 
metals. .......... 5 KEE EE 3858 scs 35 
Silver 1.42 . 66 2.08 43.89 6.73 50.62 30.21 4.78 34.99 
Titanium 
Concentrate ` _ .78 .26 104) nunc. cafus utet 78 26 1. 04 
Tungsten 19.66 ...... 19.66 36.48 2.94 39.42 36.37 2.92 39.29 
Uranium 30. 80 04 30.84 31.48 .09 31.57 31.19 . 07 81.26 
Zinne 12. 58 2.74 15.32 11.12 2.99 14.11 11.16 2.98 14.14 
Average value 1 4.11 .11 4.22 9.46 1.30 10.76 5.08 32 5.35 
Nonmetals: 
Abrasive stone 159.66 24.83 183.99 . .... ...... .....- 159.66 24.33 183.99 
Asbestos... ......... 3.92 `... 3.92 40.92 ...... 40.92 4.09 x: 4.09 
Barite 1.72 .01 1.73 8.95 ...... 3.95 1480 1. 80 
Clays.............- 3.89 .01 3.90 . 63 . 04 . 67 4.01 .01 4.02 
Diatomite. ......... 38.52 22 %ͤũ — 8 38.52  ...... 38. 52 
Emery- ---.--------- 18.50 ...... 18.50" uv Kise. mmis 18.50 ...... 18.50 
Feldspat 4.07 .46 4.53 2.50 ...... 2.50 4.07 .46 . 58 
Fluorspa rr 19.42 2.63 22.05 13.25 5.36 18.61 13.71 5. 16 18.87 
arn et 16.439 ///;ͤ;ͤͤ ꝶv-3-! 8 16.43 ...... 16.43 
Graphite 283.33 —- 2 ³ð vy ` ewe 283.833 ...... 283.38 
ypsum...........- 3.46 ...... 3.46 4.69  ...... 4.69 Bott uu 3.77 
Kvanite -- 7.47 .22 1.09: wm uber ses 7.47 . 22 7.69 
Lithium minerals 6.47 . 38 6.85. tect 8 6.47 . 38 6. 85 
Magnesite. ........- 3.08 . 05 923. seen 0 ete 3.08 .05 3.13 
Mica: Flake 2. 62 . 09 2.71 4.522 4.52 2. 66 08 2.74 
Oli vine 15.69 15.69. 2. ⁰⁰ ncs 15.69 ...... 15.69 
Perlite: c 6.61 .....— 6.61 8.00 ...... 8.00 £62. osx 6.62 
Phosphate rock. 1.99 ...... 1.99 6.34 6.34 2.083 .. 2.03 
Potassium salt 4.62 4.62 4. 62ͤ 4. 62 
Pomiee -------- 1.47 ...... 1:47. 3.2 8 l.4T uu 1.47 
C 14. 83 1.29 16.12 6.08 52 6. 60 8.78 76 9. 54 
Sand and gravel..... 1.08 ...... // meu. 1.08 ...... 1.08 
Stone: 
Crushed and 
broken RR LEE 1.42 1:95 252.55 1.95 „ 1.45 
Geng Dimension 18. 35 65 19.00 22.51 1.31 23.82 18.57 . 69 19.26 
ulfur: 
Frasch......... 22:75. 2:222 Jo f; MM t 32.15 — 32. 75 
Other 3.00 2.007. 152. Amex. idee 8.00 ...... 8.00 
Talc, soapstone, and 
pyrophyllite _ _ _ ` 4.26 4.26 7.30 7. 30 5. 58 5. 58 
Tripoli.. a 6.80 ...... 6.80 4.09 ...... 4.09 D. 22 x4 5.22 
Vermiculite 2 JJ%//ͤ—⁵Ü: 8 4 22. us 4.22 
Average value 1. 1. 63 . 02 1.65 3.86 .15 4.01 1.72 . 02 1.74 
Average value, 
metal and non- 
metals 1. 2.02 . 03 2.05 6.67 73 7.40 2. 30 07 2. 87 
Average value, 
nonmetals (ex- 
eluding stone, 
sand and . 
gravel) 1........ 3.99 .13 4.12 5.48 .90 5.78 4.19 .15 4.34 
Average value, 
metals and non- 
metals (exclud- 
ing stone, sand 
and gravel) 1____ 4.05 . 12 4.17 8.05 .95 9.00 4.68 .25 4.98 
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Table 4.— Crude ore and total material 
handled at surface and underground 
mines, by commodities in 1967 


(Percent) 
Crude ore Total material 
Commodity 
Sur- Under- Sur- Under- 
face ground face ground 
Metals: 
Baute 12 96 4 
Beryllium 100 ..... 100 ..... 
opperr 87 13 96 4 
o 
Lode...... 38 62 78 22 
Placer..... 100 ..... 100 ..... 
Iron ore 2 8 95 5 
ead.......... em 100 ..... 100 
Manganese ore 100 ..... 100 
Mercury 57 43 85 15 
Molybdenum... 20 80 58 42 
Nickel.. 100 ..... 100 ..... 
Rare-earth 
metals and 
thorium-...- 100 ..... 100 ..... 
Silver 4 96 24 76 
Titanium: 
Concentrate.. 100 ..... 100 ..... 
Tungsten 2 98 3 97 
ranium -- 31 69 90 10 
Zinne 2 98 9 91 
Total. ..... 88 17 92 8 
Nonmetals: 
Abrasives: 
Emery.... 100 100 ..... 
Garnet.... 100 ..... 100 ..... 
Tiipoli.... 42 58 56 44 
Asbes tos 99 1 96 4 
Bal ite 97 3 97 
Boron minerals. 100 ..... 100 ..... 
Cla ys 98 2 99 1 
Diatomite..... 100 ..... 100 ..... 
eldsp ar- 100 ..... 100 ..... 
Fluorspar......- 94 11 89 
Graphite 100 ..... 100 ..... 
yrsum......- 26 87 13 
Kyznite....... 100 ..... 100 ..... 
Lithium 
minerals..... 100 ..... 100 ..... 
Magnesite. .... 100 ..... 100 ..... 
Marl, green- 
sand 100 ..... 100 ..... 
Mica: Flake.... 97 3 99 1 
Olivine........ 100 ..... 100 ..... 
Perlite 100 ..... 100 ..... 
Phcsphate rock. 1 100 ..... 
Potassium salts. 100 ..... 100 
Pumice.......- 100 ..... 100 ....- 
Salt 30 70 29 71 
Sand and 
gravel....... 100 ..... 100 ..... 
Sodium car- 
bonate 
(natural).... --- 100 ....- 100 
Sodium sulfate 
(natural) 100 ..... 100 ----- 
Stone: 
Crushed and 
broken.. 95 5 96 4 
Dimension. 95 5 96 4 
Sulfur: Frasch- 
process 
mines 100 ..... 100 ..... 
Talc, soap- 
eit 42 58 72 28 
pyropnyilte. . 
Vermiculite 100 ..... 100 ..... 
Wollaston ite 100 100 
Total 96 4 96 4 
Grand total.. 94 6 96 4 


Table 5.—Crude ore and total material 
handled at surface and underground 
mines, by States, in 1967 


(Percent) 


Crude ore Total materia] 


State 
Sur- Under- Sur- Under- 
face ground face ground 

Alabama 3 7 96 4 
Alasks <2 z cssc 100 .... 100 .... 
Arizona. 1 97 3 
Arkansas... ........ 96 4 97 3 
California 99 1 99 1 
Colorado 60 40 59 41 
Connecticut 100 .... 100 .... 
Delaware 100 .... 100 .... 
Florida... 100 .... 100 .... 

Georgia. 98 99 
Hawaii 100 .... 100 .... 
Gans 92 8 95 5 
Illinois 96 4 96 4 
Indiana 98 2 98 2 
IS ĩðͤK ma oe 96 4 97 3 
Kansas. 92 8 92 8 
Kentucky 79 21 81 19 
Louisiana 87 13 87 13 
Maine 100 .... 100 .... 

Maryland 100 .... 99 
Massachusetts. 100 .... 100 .... 
Michigan 90 10 91 9 
Minnesot˖aa 100 .... 100 .... 
Mississippi 100 — 100 .... 
Missou11............- 13 7 14 6 
Montana...........- 93 7 93 7 
Nebraska 99 1 99 1 
Nevada 99 1 99 1 
New Hampshire 100 .... 100 .... 
New Jersey .......... 100 .... 100 .... 
New Mexico 58 42 80 20 
New Vork 93 7 94 6 
North Carolina 100 .... 100 .... 
North Dakota 100 .... 100 .... 
lÜs 8 94 6 94 6 
Oklahoma 94 6 95 5 
regon.............- 100 .... 100 .... 
Pennsylvania 90 10 91 9 
Rhode sland......... 100 .... 100 .... 
South Carolina....... 100 .... 100 .... 
South Dakota........ 89 11 88 12 
Tennessee...........- 87 13 87 13 

Texas... 100 .... 100 ... 

Utah. uco sc Susu 93 7 95 5 
Vermont 97 97 3 
Virginia 94 6 93 7 
Washington 98 2 98 2 
West Virginia 85 15 87 13 
Wiscor sinn 98 2 98 2 
Wyoming 94 6 98 2 
Total. 94 6 96 4 
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Table 6.—Number of domestic metal and nonmetal mines in 1967, by commodity and 
magnitude of crude ore production 


Total Less than 1,000 to 2^ SES i 000 1, Pi 000 1 


Commodity number 1,000 10,000 100, 000 1, 000, 000 10; 000, 000 10, 600. 0,000 
of tons - tons tons tons tons tons 
mines 
Metals: 
Antimony.............-.-- 6 Go lupus numus Bestest YES LE 
Bauxite.. ..... 22 22.2. 10 1 2 3 8 E 
Beryllium. ...............- 5 4 JJ; ͥ ³oÜß?ßñ̃7ĩ˙ͤUÜ ] 
Co per 700 A DA E 124 51 11 19 22 18 8 
old: 
Lode 19 68 6 1 1˙ cus 
Pl acer. 142 86 25 21 „ 
Iron ore 121 4 11 23 48 31 4 
EE 73 50 9 5 3 
Manganese ore 3 1 1 T cua ³• A enoe 
Mercur 119 88 19 öO ee: ee 
Molybdenum F 4 F eeu 1 1 1 
Silver______ 2. LLL. L..- 74 60 8 5 FFC 
NK 1, ie o e Sma ae 4 2 a. ugs eeh stew, ASO 
Titanium: Concentrate...... CCC 1 D. custos 
Tungsten 18 10 5 2 | PORC 
Uranium 406 153 90 57 10 derede 
Ino m o ooo es oe 173 23 20 4b 8888 
Other lll 5 Bo geet, esos BS ceso Whites 
ir 1, 372 610 210 194 290 60 8 
Nonmetals: 
Abrasives 2 18 8 6 3 Eo o cesed meee 
bestog 9 1 2 3 1 % 
BarilB. oso 8 51 10 9 15 16 E 
Boron minerals E ĩ˙² ae. 8 
A Bete EN 1,280 79 327 697 11 ¹ð 1i²éꝛ•. Sus 
Diatom ite. 14 4 3 PJ 
Feldspat 49 26 8 10 7 „„ 
Fluorsp ar 23 4 11 6 ß) 
vyp sum 75 4 8 26 Ol loa elects 
Kyan ite //)! —·!ꝙAöͤ FF — blower 
Marl, KE eer 2 1 Í. eee: ¿Susan ⁰⁰yy faoc 
ica: CCF 20 4 4 11 1000 3 esas 
Olivine....................- 5 1 2 gege egen Lë 
Pert... 8 16 4 6 4 EC 
Phosphate rock 48 1 1 3 20 20 8 
Potassium salts 10: Lidl. ˙Oͤð⁰x = ANNE 8 E 
Pumice____ ----------- 150 34 46 40 30: Mr 
Salt ³ð»AAA ᷣͤ oa eE 57 1 14 10 26 88 
. carbonate (natural) WEE 1 1 1 
tone: 
Crushed and broken. 4,427 207 495 1, 502 1,932 290 1 
Dimension 547 214 242 83 99 ~Beecus 
ulfur: 
Frasch- process mines 16 225355 2 4 7 q. ul 
Other mines 1 Z!!! ⅛ðÜi² ⁵ðùĩ 
Tale, soapstone, and 
pyrophyll ite 65 13 30 21 gets  Asieeoe 
Vermiculite 5 EEN 1 2^ oksen dan Qasa 
Wollastonite.. -- 2 5 — ¿2 Za 1//ͤ» . Soesewod Oona 
Other LL c... I2. urne 2 8 EE 
Total... Lee mens 6,912 619 1,220 2,449 2,287 333 4 
Grand total 8,284 1,229 1,430 2,643 2,511 393 12 


! Magnesium, nickel, and rare-earth metals. 


? Emery, garnet, and tripoli. 
3 Aplite, graphite, lithium minerals, magnesite, and sodium sulfate (natural). 
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Table 7.—Twenty-five leading metal and nonmetal ! mines in the United States in 1967 
in order of output of ore 


Mine State Operator Commodity Minin 
metho 
Metals; | 
Hoyt Lake Minn.... Pickands Mather & Co..... Iron ore tcu sassa s Open pit. 
Peter Mitchell -...do... Reserve Mining Co S O = Do. 
Utah Copper tab Kennecott AC e Corp abe: 3535 Do. 
ma 2 Colo American M Molybdenum Caving. 
Climax, Inc. 
Eagle Mountain Calif..... Kaiser Steel Cord Iron Ore. .......- Open pit. 
Pima & Northeast..... Ari Pima Mining Co ......... Copper Do. 
Empire Mich.... Cleveland Cliffs Iron Co. Iron ore Do. 
Morenci.............- Ar iz Phelps Dodge Cord Copper Do. 
Highland............. Fla E. uos p de Nemours Illmen ite Dredging. 
O., 
Republic Mich.... Cleveland-Cliffs Iron Co.... Iron ore Open pit. 
Nba À. Calif..... Yuba Industries, Inc....... Placer gold Dredging. 
San Manuel.......... Ar iz Magma Copper Co........ Copper aving. 
Trail Ridge........... Fla E. Py (au Pont de Nemours Illmenite........ Dr g. 
o. Inc. 
New Cornelia Ariz..... Phelps Dodge Cord Copper Open pit. 
lere Minn. Hanna Minsng Coo Iron ore Do. 
Mincral Park Ariz..... Duval Cor Copper Do. 
Thunderbird -- Minn.... Oglebay Norton COo on ore Do. 
erman -...do... United States Steel Cord. doo Do. 
Ray Pit .....-.------ Ariz....- Kennecott Copper Corp Copper Do. 
zerington 72 Nev...-- The Anaconda Company... ....do.......... Do. 
eranz a. Ariz..... Duval Corp uda toe dae Do. 
rhite Pine Mich.... White Pine Copper Co e AR Open stopes. 
Stephens Minn 5 States Steel Corp... Iron ore Open pit. 
Rouchl ea f | e WEE 7 Do. 
Mission riz..... American Smelting and Copper.........- Do. 
Refining Company. 
Nonmetals: 
Kingsford Fla International Minerals & Phosphate rock... Open pit. 
Chemicals Corp. 
Noralyn.............. 22055. u ⁵⁰00æ em Sent L.g002 $2222 2 Do. 
Payne Creek --..do... Agrico Chemical Coo Bly BOOS cs casu c Do. 
Palmetto sz ep ⁰yͥ A do ok e Do. 
Ft. Meade -...do... Mobil Chemical Co DEE, TS Do, 
Bonny Lake -...do... Grace & Co E, Susa Do. 
Silver Peak... ey. Foote Mineral Co. Lithium Do. 
Suwannee River At coc Occidental Corp. of Florida durs Pepa rock... Do. 
Clear Springs -...do... Mobil Chemical Coo C Do. 
International......... . Mex.. International Minerals & Potassium salts... Open stopes. 
Chemicals Corp. 
Watson Fla Swift & Oo Phosphate rock.. Open pit. 
Orange Park. ......... -...do... American Cyanamid Co. do Do. 
Tenoroc.............- -...do... Borden Chemical Coo RON [OPENS Do. 
Sydney -...do... American Cyanamid Coo. doo Do. 
Bartow..............- -...do... Armour Agricultural F Do. 
“nemica! Co. 
Hancock n)!!! LEE Su TL u SSS Do. 
. Mex.. Potash Company of Potassium salts... Open stopes. 
America. 
Shaft 11114. -...do... Southwest Potash Co HEN, | EE Do. 
Boyette. . . Fla...... Agrico Chemical Co. ...... Phos hate rock... Open pit. 
ae 5 N. C0 Texas Gulf Sulphur Co..... ....do.......... Dredging. 
. o Z N. . International Salt Co . Salt... Open stopes. 
e City ¿u ¿zs sS Fla...... Swift & co Phosphate rock... Open pit. 
N. Mex.. Kermac Potash Coo Potassium salts... Open stopes. 
Cleveland. ........... hio .... International Salt Co C Do. 
Chic ora Fla American Cyanamid Co.... Phosphate rock... Open pit. 


! Sand and gravel, stone, brines and materials from wells, etc., excepted. 
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Table 8.—Twenty-five leading metal and nonmetal 1 mines in the United States in 1967 in 
order of total materials handled 


Mine State Operator 
Metals: 
Twin But tes Ariz..... The Anaconda Company... 
Utah Copper Utah Kennecott Copper Corp 
Eagle Mountain Calif. Kaiser Steel Cor 
Hoyt Lake Minn. Pickands Mather & Co 
Pima & Northeastt `: Ar iz Pima Mining Co 
Peter Mitchell Minn.... Reserve Mining Co........ 
Morenci............-- Ariz.....- Phelps Dodge Corp........ 
Russellville........... Ala United States Pipe & 
Foundry Co. 
Questa N. Mex. Molybdenum Corporation 
of America. 
Mission. . ...........- Ariz..... American Smelting and 
Refining Company. 
Mineral Park -...do... Duval Corp............... 
Tyrone -...do... Phelps Dodge Corp 
Lavender Pit. „ [! A y eco 
Chino N. Mex. Kennecott Copper Corp ... 
New Cornelia Ar iz Phelps Dodge Cord 
Climax..............- Colo American etal Climax, 
nc. 
TSG-1-4-Dave........ Wyo....- Petrotomics COo 
Ray Pitt. Ariz..... Kennecott Copper Corp 
Esperanza -...do... Duval Cor 
Veteran Ney... — Kennecott Copper Corp: E 
Silver Bell............ Ariz..... American Smelting an 
Refining Company. 
Empire Mich.... Cleveland Cliffs Iron Co 
Veringtoů n Ne The Anaconda Company... 
Minntae Minn . United States Steel Corp... 
Republic Mich.... Cleveland Cliffs Iron Co 
Nonmetals: . 
Kingsford Fla International Minerals & 
a : Chemicals Corp. 
oralyn.............- %% (v0 cese EE 
Payne Creek 5 -...do... Agrico Chemical Co 
Ft. Meade do obil Chemical Co........ 
Hancock. ...........- -...do... Armour Agricultural 
Chemical Co. 
Bonny Lake. .-.....-- -...do... W. R. Grace & Coo 
Palmetto -...do... Agrico Chemical Co 
Orange Park.......... -...do... American Cyanamid Co 
reek. ........... N.C... Texas Gulf Sulphur Co..... 
Tenoroc............-- Fla. ` Borden Chemical Co 
DeBely.-.. . Cali United States Borax & 
Chemical Corp. 
Bartow..............- Fla Armour Agricultural 
Chemical Co. 
Sydney............... -...do... American Cyanamid Co- 
lear Springs -...do... Mobil Chemical Co 
BY eee Serb Idaho.... J. R. Simplot Co. ......... 
Boyette.............- Fla...... Agrico Chemical Co. ...... 
Sonn te -...do... Swift & oo 
Silver Peak Ney. — Foote Mineral Co. ........ 
Suwannee River Fla...... Occidental Corporation 
of Florida. 
Chicora.. ...........- -...do... American Cyanamid Co ... 
Tencor..............- 222200... HE. Phosphoric Products 
o. 
Lompoe . Calif..... Johns-Mansville Products 
orp. 
Silver City... ........ Fla...... Swift & oOo 
International......... N. Mex.. International Minerals & 
Chemicals Corp. 
Gordor.. . ... ex Ga. Freeport Kaolin CIO 


Commodity 


Copper 


Iron ore 


Lithium 


Diatomite ` ` 


Phosphate rock... 
Potassium salts... 


! Sand and gravel, stone, brines and materials from wells, etc., excepted, 


Mining 
method 
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Table 9.—Twenty leading plants in the United States that produced nonmetallics from 
brines and other materials from lakes, ponds, seas or wells, in order of output of raw 


materials 
Plant State Operator Commodity 

Moss Landing Cali Kaiser Aluminum & Chemical Corp Magnesium compounds. 
Cape Mao NJ Northwest Magnesite Co Do. 
Bonneville Utah.... Kaiser Aluminum & Chemical Corp. Potassium salts. 
Port St. Joo Fla Michigan Chemical Corp Magnegium compounds. 
Nichols Ala Olin Mathieson Chemical Corp Salt brine. 
TPONG soos 8 Calif..... American Potash & Chemical Corp. Sodium carbonate. 
South San Francisco... ....d0... Merck & Co., Inc. ............... Magnesium compounds. 
Freeport..............- Texas. The Dow Chemical Co............ Salt brine. 
West Ene Calif..... Stauffer Chemical Co. ............ Sodium carbonate. 
Arkansas Chemical Ark...... Arkansas Chemicals, Ine Bromine. 

FPV -...do... The Dow Chemical COo Do. 
El Dorado -...do... Great Lakes Chemical Cord Do. 
Wyandotte. ..---------- Mich.... Wyandotte Chemical Corp. ....... Salt brine. 
Iberville...............- La. The Dow Chemical Co............ Do. 
Boling Dome. ...------ Tek 2. Texas Gulf Sulphur Co Frasch sulfur. 
Freeport..............- -...do .. Ethyl-Dow Chemical Co. ......... Bromine. 
Grand Isle Laa Freeport Sulphur COo Frasch sulfur. 
Painesville.............. Ohio Diamond Shamrock Co. .......... Salt brine. 
Iberville. .. ............- Laàa Allied Chemical Cord D 


0. 
Grande Ecaill e ....do... Freeport Sulphur Co.............. Frasch sulfur. 
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Table 12.—Mining methods used in underground operations, by commodities 


(Percent) 
Open stoping 
Block caving Other and 
Natural Artificial unspecified 
Support Support 
1966 1967 1966 1967 1966 1967 1966 1967 
Metals: 
keete eelere ee 100.0 100:0 ee Eeer | A exei SORGEN. EE 
Lopper 86. 6.0 9.8 8.0 58.5 45.8 0.2 
Gold: Lode. ............... 65.0 75.3 30.5 %%. et 4.5 3 
Iron ore -...------------- 45.5 Ghee: x. ede 43.2 42.7 11.3 
ET WEE EE 80.5 84.3 19.5 ID. T. 2.2.2.5. eiert, AAA ecco 
Manganese ore .1 .1 70.9 59.9. illo ĩðͤ as 29.0 ...... 
Mercury........-.......-- 33.8 45.0 36.0 DIS 12x22 Gozo 30.2 3.5 
Molybdenum.............. 1.0 " ERN 99.6 99S ------ 
Silver 9.3 24.8 82.6 10.1- 9 ` Eeer 8.1 5.1 
Uranium.................. 61.6 72.9 37.4 27.0 1.0 l. zie cess 
VFC ͤ AEA E 81.4 86. 6 16. 6 12.4 3 1.9 1.0 
Nonmetals: 
Asbestos 95. 0 98. 8 5. 0 L2 ieee. . aru 
PBarite , i 1.0 53.2 0 Sees 46.7 49.7 
C/ AAA 95.1 94. 6 4.9 5.4. ees et ees Ee dees 
Feldspar.................- 100.0 100.0" Xoxc3 ues EE 
Fluorspar.................- 80.0 85.5 19.9 189.8. L2: 22s .1 . 7 
Gypsum..................- 100.0 %%% cede da cile eee! paces 6.2 
Phosphate rock... kk 93.6 93.6 6.4 J!; Dobrea. Lowcdw 
Potassium salts. ........... 94.4 94.0- zoo T8 5.6 6.0 
JAA En 96.5 ee asse. . Quy 3.5 2.9 
Stone: 
Crushed and broken.... 99.6 99.2 4 Seto, Bees ĩ Tecate 
Dimengion 98.1 9899 A 1.9 LIB cts: liec 
Tale, soapstone, and 
pyrophyll ite 70. 6 80. 8 17. 8 18. 6 m REDE 11.5 .6 
Life! 100.0 h ⅛·˙i A ³ꝛAA y metus 
Wollastonite. .............- 100.0 hh Qu. ⁵² 5m ̃ ĩx2 ⁊ͤ dese 
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Table 13.—Mining methods used in underground operations, by States 


(Percent) 


Open stoping 


87 


State Natural Artificial 

support support 
1966 1967 1966 1967 
Alabama 100. 0 100.0 8 
Arisong. ........-....-.- 2.9 6.9 8.9 7.9 
Arkansas 84.4 84.1 8.3 7.8 
California 79. 3 81.0 14.4 16.5 
Colorado 10. 6 8.3 3.4 6. 0 
eorgi aaa 98.4 100. 0 188 
Idaho............... . .-.- 5.3 5.7 84.3 86.4 
Illinois 96.6 97.1 3.4 2.9 
Indiana 100. 0 100.0 _ 8 
Io Wa 100. 0 100.0. AAA 
J 100. 0 100.0 sosse 88 
Kentuck ù / 99. 97.7 . 3 2. 8 
Louisiana 100. 0 1900 0 ⁰ eei 
II mnm◻n..w. wapota E ee loin 
Maryland 100. 0 96.5 22225... 3.5 
Michigae n 77.4 76.7 l dois 
Minnesota...........--..-  ...-- . ĩðͤ E EE 
Missouri. 100. 0 100 /%cʒͥ l 8 
Montana 33. 6 56. 3 66.2 43. 5 
Nevada... ---------- 60.5 83.2 6.8 16.6 
New Jersey 38.3 1.4 50.0 73.0 
New Mexico 89.7 90.2 4.9 8.9 
New York . . . . 94.2 93.4 1113 
North Carolina J 91. 6 100. 0 
77/7 ³˙¹¹àA eee ek 100. 0 % AA 
Oklahoma. ............-- 100.0 100 h enized 
Oregon- ----------------- 100.0 100.0 88 
Pennsylvania 42. 5 AN2. E Seneca 
South Dakota 76.2 84.2 28.8 15.8 
Tennesse 100. 0 ./ / moses 
i ⁵ĩð l us s 98.9 99.0 1.1 1.0 
Utab:. i ewe EEN 75.4 76.4 24.6 23.6 
Vermont 67.3 79.9 11.1 20.1 
Virginia 100. 0 100.0. a.i nz 
Washington 80.8 88. 5 St 10.7 
West Virginia 100.0 0 00 ite Ae 
Wisconsin..............- 98.1 100.0 i mili 
Wyoming 47.2 98.3 1.7 1.3 
T . . A 68.3 73.3 5.7 4. 6 


Block caving Other and 
unspecified 
1966 1967 1966 1967 
88.2 85.2 ....... ..-..-- 
e Meee es 7.3 8.1 
EE 6.3 2.5 
86.0 SS.. duuseoa 
7 4 9.7 75 
VON MCN k ape a. 
7100.0 ^ 100.0 ....... ..-..-- 
186.9 18.4 45.6 4.9 
Patel, 100.0 98.4 
JFC — 2 49 62 
FF 32.7 2 
EE 11.7 25.6 
553 8 5. 4 5. 9 
J ted eet 5.7 6.6 
S7))%öÜ51—ẽ⁶éwũ60A&-.d Quy Gs. SS 
57.5 52.8 ------- 
„) R 21.6 ....... 
;; ũᷣ 02. 7s 10.5 .8 
FF 1.9 ......- 
27.6 . 4 28.58 Ä 
23. 0 20. 0 3.0 2.1 
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Table 14.—Kind of surface mining oper- Table 15.—Kind of surface mining 
ation, by commodities, in 1967 operation, by States, in 1967 
(Percent of crude ore) (Percent of crude ore) 
Open Single Mul- Mul- 
Commodity pit bench tiple State Open Single tiple 
bench pit bench bench 
Metals Alabams --------- 93 ____- 7 
Baute ..--------- 65 2 33 AlüsSkH...-..25 29m 10 xe 
Opper- -------------- 34 1 65 ArtiZona.....------2------- 44 naa 56 
Gold: Lode............ Bra Juin 100 Arkansas 89 2 9 
Iron ore 15 1 84 California 56 2 42 
Mercury 27 43 30 Colorado 94 1 5 
Nickel. Se 100 Connecticut. .............. 71 19 10 
Rare-earth metals and Delaware 9399 10 
iE oriu m — 100 ..... Florida..................- 99 `.. 
CC 10h00 Georgia................... 89 8 8 
Titanium: Concentrate. 75 25 Ha Walls cs % 66 15 19 
Uranium 92 ..... 8 Iv A 68 34 
IT K 78 22. Je Illinois 78 6 21 
Nonmetals: Indiana 69 9 22 
Abrasives: te WEE 72 14 14 
Emer... .------- 00 eisg Kansas 98 So cae 
Garnett 6l. sasan 39 Rentueky. .------------- 86 4 10 
Tripoli. .........- 10 m5 Louisiana 100 bb 
Apnbäte 81 ..... 19 Mamme ----------- 100 ..... ....- 
AÀsbestos............-- 32 `... 68 Maryland 64 4 32 
Bar ite 74 2 24 Massachusetts 88 3 14 
Boron minerals________ 353 100 Mich igen 50 9 41 
lays oo 2 S oe 85 7 8 Minnesota. ..............- 1 Vu 
Diatom ite 3 6 91 ississipp iii 10h00 
Feldepar. 67 8 80 Missouri 2 13 
Fluorsp ar 89 ..... 11 Monteang ..-.------------ 86 ..... 14 
Gvpeum. 52 43 5 Nebraska 99 10 
Kysnite 1600 84 Nevada 89 1 60 
Lithium minerals 1000 New Hampshire 99 ..... 1 
Marl, greensand 100 cams ʻa- New Jersey 77 1 22 
Mica: Flake 1000 L. New Mexico 26 1 73 
Olivine.. ..---------- 46 54 ..... New Vork 64 3 83 
Perlite 84 ..... 16 North Carolina 96 2 2 
Phosphate rock - - - - - - OT serie 3 North Dakota. 100 xci uiis 
umite.. ...........-- 96 1 3 Ohio. 522. ͤ Zum 7 8 16 
SSSS§«m/ banaa Ee 99 ) p Oklahoma. ...........---- 76 20 4 
Sand and gravel__._.__ 00 — Oregon... gs 94 
Stone: Pennsylvania. 68 5 27 
Crushed and Rhode Island 83 ..... 17 
broken 63 8 29 South Carolina 91 ..... 9 
Dimension 52 2 46 South Dakota. ...........- 100 ..... ..... 
Talc, soapstone, and Tennesse 93 ..... 7 
pyrophyllite......... 56 444 Texas. _ 88 90 8 7 
Vermiculite 2L x2: 79 Utah hc bie u Sr ore ee 1 79 
Vermont 90 10 
Virginia 56 11 33 
Washington 99 ..... 1 
West Virginia 67 8 30 
Wiscorsin................- 88 2 10 
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Table 16.—Mining methods used in open- 
pit mining, by commodities, in 1967 


(Percent) 
Total material 
handled 
Commodity Preceded Not 
by drilling preceded 
and by drilling 
blasting and 
blasting 
Metals: 
Rauxite - 89 11 
Beryllium 78 22 
Copper. 76 24 
Gold: 
Lode 100 _..-.. 
Plaeer. . . DE% 100 
Iron ore 78 22 
TT.... E eee 25 75 
Mercur 35 65 
Molvbdenum. -.------- 94 6 
Nie!!! 8 11 89 
Platinum-group metalss. 100 
Rare-earth metals 100  ...... 
Silver... 31 69 
Titanium: Concentrate.. .. 21 79 
Uranium dem 100 
Kate ZO Tu Su ud D 100 . ...... 
Nonmetals 
Abrasive stone 27 73 
pDltte ------------- 19 81 
Asbestos___........._.--- 92 8 
Aritg- l l oe Ou, EZ 17 83 
(IT NIRE EVE 15 85 
Diatomite..............- 8 100 
Dey. i S ass 100  .....- 
Feldspar................- 83 17 
Fluorspar FFF 1 39 
raphite . 100  ...... 
Gypsum...............-- 82 18 
Kyan ite 100  ...... 
Lithium minerals 100  ...... 
Magne:ite............--- 100  ...... 
ica: Flake 13 87 
Olivine.................- 62 88 
Perlite: 53 47 
EE jj JN 1 99 
Pumiee -------- 5 95 
Sand and gra vel NON 100 
Stone: 
Crushed and broken... 92 8 
Dimension 19 81 
Sulfur: Other than Frasch 
IIC. A 100 
Tale, soapstone, and 
pyrophyllite............ 62 38 
Vermiculite 55 45 
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Table 17.—Exploration and development activity in the United States, by methods 


Metals Nonmetals Total 

Method Feet Percent Feet Percent Feet Percent 
of total of total of total 

1966: 
Shaft and winze sinking. ............. 24,449 0.2 2,675 0.1 27,124 0.2 
EEN 162 , 969 1.5 9,313 8 172,282 1.8 
Drifting and crosscutting............. 813,104 7.4 91,815 3.4 904,919 6.6 
Diamond drilttng 2,465,948 22.5 5,969 3.2 2,551,912 18.8 
Churn driling. ----------------- 260 , 996 2.4 1, .1 262 , 896 1.9 
Rotary drilling 4,286,825 39.2 1,286,898 48.8 5,578,728 40.9 
Percussion drillzng ---------------- 2,624,185 24.0 755,613 28.4 8,879,748 24.8 
Trenching____ _ 52,717 .5 23 , 553 9 76,270 .6 
Others. 22 ee Seed e 256, 106 2.3 406,527 15.8 662, 633 4.9 
c Sn bees esse sa 10,947,244 100.0 2,664,268 100.0 18,611,507 100.0 

1967: 
Shaft and winze sinking. ............. 20,829 0.5 2,847 0.5 23,176 0.5 
Ralsing-.-.. eee eee eee ce 176,318 1.0 8,061 8 184,379 .9 
Drifting ana 5 8 1. 065, 713 6.3 60 , 559 2.7 1,126,272 5.9 
Diamond drilling. .------------------ 2,514,670 14.9 123 , 303 5.6 2,687,978 13.8 
Churn dritting. 202 ,991 1.2 9,425 .4 ,41 1.1 
Rotary drilling 8,625,263 51.3 1,883,566 62.9 10,008,829 52.7 
bini drilling_____ 8E 4,009,081 28.8 280,665 12.7 4,289,746 22.5 
EE , 488 T 28,824 1.8 96 , 807 .5 
Other ͤöĩ·ê K—T „08 111. 422 . 6 300, 993 13.6 412,415 2.1 
TOC z. ⁰m m u uy L Ds 16,793,770 100.0 2,197,748 100.0 18,991,513 100.0 
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Table 20.—Total material (ore and waste) produced by exploration and development in the 
United States, by commodities in 1967 


(Thousand short tons) 


Shaft Drifting 
Commodity and Raising and Trenching Stripping Total 
winze cross- 
sinking cutting 
Metals: 
Bauntesese gt Se — 50 "T 263 313 
Berl eebe eebe -— ar ae em 7 7 
Copper ML EM Se ee ee eas 17 41 218 8 121,849 122 ,128 
old: 
/// ³¹ 8 4 31 95 3 84 217 
PPC! os dares — 2 a 1 8 64 68 
Iron oe e uyu ha 10 56 880 2 121,166 121,614 
Mecum NE T8 36 24 2,075 78 ; 
Mercur hh 1 8 10 608 643 
Molybdenum. ee 10 34 248 111˙ 304 
TS 5 24 54 12 72 167 
Tungsten n" 11 52 7 
Uranium 12 18 578 5 11,260 11,873 
VAL T EE 16 36 480 11 823 1,316 
Other 1... his ecole 86 Ries Sky Se 12 2,205 2,217 
NEEN 111 283 4,197 158 258,558 268 , 802 
Nonmetals: 
Asbestos Bist ome 1 ee 56 57 
! ß LE BE ee 6 os 712 718 
COV Os coi a es hs is ee cc ae GE "X 2 38,847 38, 849 
Feldepar -2-22a = Š 55 1 102 103 
Fiuorengr t᷑ --2-------- 3 32 i 9 45 
S ²˙V A 8 € 5 18 9 6,278 6,310 
, . uuu Saa a sns. Nee LL) ER 10 10 
Phosphate rock. EEN 2 1 4 239,485 239,490 
DUONG Mem ROME ⁰y E E ES 1 1,155 285 21,918 23,359 
Talc, soapstone, pyrophyllite......... 7 5 27 Sete 84 128 
Vermiculite. ee ee Ee oe NR 586 586 
Other?3....2nz:llleewe d we need scu do 33 66 2,040 2,106 
I e 8 14 1,240 867 810,127 811,766 
Grand total.....................- 119 297 5,437 525 568, 680 575, 058 


1 Manganiferous ore, tin, and vanadium. 
2 Abrasives, boron minerals, kyanite, lithium minerals, flake mica, pumice and sulfur (other). 
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Table 21.—Total material (ore and waste) produced by exploration and development in the 
United States, by States, in 1967 


(Thousand short tons) 


Shaft Drifting | 
State and Raising and  Trenching Stripping Total 
winze Cross- 
sinking cutting 
Alabamg oes 3 1 28,188 28,189 
Arizonā- ³⁰ V aa D 8 35 191 3 100, 934 101, 171 
Arkansas... ˙² dL ⅛ð . oe tee roe ON "Pr 56 7 1,708 1,771 
California. . cee u z 7 17 87 14 1,267 1,392 
Colorado EE eL Luz 18 54 427 19 114 632 
Feil K ĩ 8 za. „ O E EM 222,993 222, 993 
E TEE 2 be, «peas E 32,305 32,305 
S ³ĩðhAKſ y 16 43 100 17 2,202 2,878 
nee, . ee ee ne rus 2 12 Ka 3,194 8,208 
Indiana ..... ð - 8 UHR "cC ee 1,146 1,146 
IOWR Sp y eh BS ee Seta: = eee ee IER fone 10, 835 10,835 
Kentucky... all leone eive "— 1 253 Ee 1,582 1,786 
Mines d dnd A ase e sas Sea 823 823 
Michigaee n 8 13 145 SEN 13,546 13,712 
Minnesota... 5335 SES 89,603 89,606 
Missouri 30 29 3,029 360 4 3,9 
Montana... se 88 2 1 20 71 107 
Nebraska — 3 a 120 120 
ö§ĩ?ÜQ . i ee k Mere sels 1 6 127 66 141 341 
New Jersey. ........-.. 2. 2l 222.22... ose 1 1 Ner 
New Mexico... oo 5 16 461 6 22,960 23 , 448 
IO, LEE 1 15 45 aae eres Ree 
North Carolina... ...... ..... ....-..- TNR mace rot E 15,425 15,425 
Oregon. oes ul uL ce a C 1 3 | QE nes 1 
Pennsylvania... .... 2.22 l2  ----- oo 6 87 55 93 
South Carolina... 2  u.- TAS Se | eee SE 3,809 3,809 
South Dakota... l. 1 23 69 8 22 118 
Tennesse. 3 2 166 rs 4,253 4,424 
NK TT EEN x SR ere 4,201 4,201 
DU Zu EE 14 19 79 E 839 451 
Vermont- EE 1 eee 3 EE 
Vitinia iso ho ee os shee ee AME 30 UN 88 75 
Washingtoů nn. NS 1 7 Sut 1 9 
Wisconsin- -aaa LL LLL LLL LLL ls 2222-2 "en dum 18 REA 250 268 
Wyoming ae 28 6,170 6,205 


dv Loc ori eb eee a musasss ss 119 297 5,437 525 568 , 680 575 ,058 
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Table 22.—U.S. consumption of industrial explosives 
(Thousand pounds) 
Black basting powder High explosives Liquid 
Year oxygen Total 
Granular 1 Pellets 1 Permissible Other than explosives š 
permissibles ? 
1912 88 230,293 24, 630 234, 470 489,898 
19198 8 229,989 |. | ...... 27,686 242,887 500, 012 
1914 ˖ .. ....... 206,100 |  J...... 25,698 218,454 . | ...... 450,252 
191199 8 197,722ꝑKcK 27, 350 285,829 9 460, 901 
1910 215,575 | | ...... 84, 685 255,155 505,415 
1911.22 271,118 | | ...... 43,041 262,81 582, 475 
1918... 8 246,664 |  ...... 46,045 206,416 |. | ...... 499,125 
1919... 8 180,511 |  J ...... 388,855 198,268 ...... 411,634 
1920: c 254, 88900 53, 963 229,112 537, 955 
KI BEE 160,01 41, 134 170, 95222 372,107 
19222 Lus 178,868 „43 209,478 431,772 
922 ĩ Sede 201,902 — 60, 371 267,100 529, 728 
1924. 167,076 e 55,134 273,323 495, 583 
1925- 8; 156, 9844 58,353 286,430 . | ...... 501, 752 
1926 A 157,687 . | ...... 67,685 310,518 ...... 585,890 
19271; Z: e 131,6 999988 68 , 847 3038,48 499,011 
19288. 98,004 23,754 60,708 292,785 | | .....- 475,251 
1929_____.... 8 86,818 33,227 62, 670 326,999 509, 708 
1990 ee es 63 , 138 86,735 53 , 826 291,891 —_.LL- 445 ,090 
RE 46,300 33 , 530 41,578 216,157 | | ...... 337 , 565 
KEE 35 , 793 27,961 82,225 137,908 |.  ...... 288 , 887 
198393 88 33, 887 30, 323 33, 928 157,84ka99 255, 987 
193444444. 37, 193 31,742 39,208 206,62 314, 768 
1935... 34,223 84,665 89,170 200,323 808,381 
19830 8 40, 420 41,278 47,859 262,044 391, 604 
199 8 29, 837 36,404 49,579 288,924 | ...... 404,744 
19888 23 , 552 „148 41,859 288,576 | | ...... 882 , 180 
19899... ee 28,322 29,915 49,951 218,250 | | ...... 386 , 488 
1940 SE 29 ,083 80,670 58,436 805,180 |  ...... 423,369 
1941. (( 27,882 81,576 70,612 351,867 481,927 
1942 ee iS 24,167 81,367 84,022 859,699 | | ...... 499,255 
19439. 19,814 26, 608 92 ,656 388,578 477,651 
194444... 16,288 26,677 102,588 818618 | ...... 464,111 
1945............- 12,303 24,644 97,407 322,957 457,311 
KI, GE 13, 539 29,285 100,258 399,233 6,315 
1947. 9, 837 26, 627 122,349 476,017 16, 561 651, 391 
19488. 8, 286 25, 004 126,282 550,085 15,620 725, 227 
199 ee 5, 853 14,224 91,630 505,601 13,922 631,230 
19880 —8 5,441 15,214 109, 420 575, 962 13, 804 719,841 
r 8,752 10, 233 108, 258 611,237 20,341 753 , 821 
198522 he 8,887 ,115 5,460 636,741 21,915 764, 718 
1958... onore 5,186 4,329 89,879 668 , 952 22, 465 790,811 
1954. 6,407 3,890 75,8 612,054 17,741 715,955 
1955... .  .  . 8,262 3,362 93,718 687,226 19,310 806,878 
19568... 86 2,818 2,780 104,934 898,524 17,724 1,026, 780 
1957____.. hc Se 1,443 2,241 104,522 912,590 13,835 1,084,631 
1958 658 1, 834 84, 085 864,117 10, 908 961 , 597 
1959 ogc ce 1,114 1,219 83,520 955,915 6,808 1,048,576 
1960. 464 1,073 80,577 1,089,216 1,668 1,172,998 
1981.2. 6417 873 78,439 , 126 , 427 2,235 1,208,621 
1902... 8 439 188 12,884 1,236,057 2,243 1,312,406 
1989:..----2: 22 502 636 76,319 1,376, 1,834 1,455,924 
1964______... 8 451 495 77,406 1,585,015 2,184 1,665,551 
196585 464 372 76,040 1, 802, 426 5,598 1,884,900 
1966... .........- 240 228 74,527 1, 882 ,072 13,094 1,970,156 


1 Pellet powder was first manufactured for general use in the U.S. in 1925; included with granular powder 


prior to 1928 


2 Beginning 1956 includes unprocessed ammonium nitrate as well as completely processed ammoníum nitrate 


blasting agents. 


s Data not collected prior to 1947. 
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Table 23.—U.S. consumption of pellet black blasting powder in the minerals industry 1 


(Pounds) 
Year Coal mining Metal mining Quarrying and Total 
nonmetal mining 
1928 EE 21,968,700 41,000 329, 500 22,339,200 
1929 x e. ee LUI is usay UAE 32,181,175 24,525 231,100 32, 436, 800 
1 ͤĩõĩÜĩÜõ1b0̃1CᷣQ T 36,096, 225 29, 625 189, 300 36,315,150 
III ĩð K AA AEE 33, 261, 950 , 550 85,675 88,499,175 
%R ĩͤ ree Li <s 27, 782 , 550 16,500 118,250 27,917,300 
1993- -se ce ete So eee Ear da 80,056,800 14,700 86,050 30,257,550 
7/§öÜàð0ͤ EN 31, 501, 000 5, 275 222, 000 31, 728, 275 
KEE 84,275,325 13,400 215,000 84,508,725 
19396 2 nice Z SSD Sa 40,933,550 5,775 295,175 41, 234, 500 
!öÜ ³ĩ⅛ͤKA . eee 35,917,250 5, 300 388 , 425 36,310,976 
I908 ee ne 27, 837, 000 10, 775 218,025 28,065,800 
1939 EE 29,278,225 700 392 , 350 29,671,275 
CJ K donis 29, 847, 725 4, 600 450, 225 30, 302, 550 
KN DEE 30,898,575 |. .........- 656,825 31,555, 400 
KT LEE 30, 870, 400 550 460, 725 31,331, 675 
1J60yYy!!;!kk 8 26,031, 300 450 536, 325 26, 568, 075 
1944. 7 26,252,850 550 873,300 26,626,700 
IT VEH 24,807,650 500 815,325 24, 623, 475 
TT EE 22, 797, 250 22, 000 410, 250 23, 229, 500 
IJ; ĩo 8 26,219, 575 2,500 355,925 26,578,000 
1948 ³A¹ oau 24,542,050 400 863,850 24,906,300 
19489. — u K Le zu 13,800,200 200 823,800 14,124,200 
1950. 222m EE 14,767,250 50 377,725 15, 145, 025 
951 2222 9,799,875 2,100 334,725 10,136,700 
. ³o¹˙¹¹ cn ded esee mos 6,316,825 500 235, 000 6, 552, 325 
1333... o 8 4,163,450 100 107,150 4, 270, 700 
1954... .... ³ y ĩð2z ĩ 3,683, 150 50 134, 400 3, 817, 600 
/ iww̃ d d cee Š 3,116, 200 9, 675 158, 175 3,284, 050 
I h cee e scenes 2,542,025 1,150 113,150 2,656,325 
py PRESE 8 2,078, 600 121, 850 2, 200, 450 
% ͥĩ³¹ TV 8 1,612,200 . .......... 54,275 1,666,475 
1959... 8 926,750 . .......... 134, 600 1,061,350 
1960; EE 833,275 — .........- 135,375 68,650 
ô§Üĩ§éXR³ẽÜͤ˙¹ ²U: 692,100 | .......... 128,100 820,200 
199ö’: 8 625,750 | .......... 106,925 732, 675 
/%/ö·. . b Lm nubes 496, 850 900 84, 800 582, 550 
Ee 341,300 | .......... 47,800 389, 100 
1965... 3-2 1e 88 126,000 | .......... 61,000 187,000 
1966... WWW, soupe Ma 71,000 | .......... 25,000 102,000 


! Prior to 1928, pellet black blasting powder was included in granular black blasting powder and shown as 


“black blasting powder.” 
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Table 24.—U.S. consumption of granular black blasting powder in the minerals industry! 


(Thousand pounds) 
Quarrying and 
Year Coal mining Metal mining nonmetal Total 
mining 

|) 2 ce cet ae Lo cu ee ATA 187,091  ......... _......-. 187,091 
iba c ˙] . EOE A 184,917 8,350 193,267 
1914... con ]%¾. ⅛ ũmqů. eee die 176,813 17.5129. sus 184,385 
AN gee eee nae ie TE 167,514 6,7444 174,218 
TED E / ͥ ĩ˙ꝛ y dle 176, 976 7,84» 184, 822 
1199 cuc en ⁰ 8 235, 750 9.455 ^ — cu 245,205 
EA Se EE 216,222 7,445 | .....-.-. 223,667 
1919 32:2 . A 153,490 6,808  J ......... 159,793 
11) y ee 219,763 8,6881411 228, 444 
///õͤĩͤͥĩõͤĩöͤ5o ⅛˙m mdr E 140, 336 4,620 | ........- 144,956 
7Ä˙Ä5 ẽ¾ ũ .. 8 154, 762 4,198 — ......-- 158,955 
%%õ⁵»ͤ» .f k- N T E eee 175,489 4,37) 179, 862 
1924- ¹]]]] ¹5Ü¹ T8 140, 625 3,612 — ......... 144,237 
J ³ ÄAAAA ͤ ³ A A 132,414 3,447 6,012 141, 878 
//%%ö%§% yyy y EM LA LE 136,112 2,849 5,909 144,870 
192]. usc oe v m- ß 112, 570 2,156 5,785 120,511 
JZ; x cece 78, 934 2,054 4,733 85,721 
1929. 5 cu v ee gym y 88 69,8'79 2,261 4,885 76, 475 
JJ) ⁵ tials. He 49, 589 1,359 8,636 54,584 
pop WEE ß AEE ET 34,506 1,144 2,607 38,257 
1990. 2) Mol ute . Pete Pe es Z 28,529 485 1,869 30, 333 
J ³Üüi¹¹a EEN 27,164 493 1,278 28,935 
e . ORENSE REA 28,915 594 1,627 31,136 
11) 27,822 652 1, 628 29, 597 
1888-5 doo so . Lu UL Lc 30,128 478 1,937 82,543 
19097 e ⁵ ⁰“⁵;ib ud y E Lu Ea e 22,806 279 2,017 25,102 
KI TEE 18,531 175 1,519 20,225 
1998 -. ³⁰˙ꝛ A ÉL LI E 21,890 201 2,010 24,101 
Lu GE EE 23,447 236 2,953 : 
I94] EE 22, 604 59 2, 443 25, 106 
1940. — el ð⁵«‚—c: v ĩð . EEN 19, 878 120 1.715 21,718 
949 s; ha i i Pe vx ues as ei 17,564 63 1,512 19,139 
19441. oo ð˙ ] x eae be 13, 708 69 1,216 14,993 
ET EE 10,734 20 1,073 11,827 
kr TEE 9, 786 24 1,368 11,173 
KT EE 7,685 22 1,198 8,905 
II,! ⁰⁰ 6,081 45 1,354 7,480 
111 ³ é K ĩͤ 4 EP. E 3,772 17 955 4,7 
e . a a a a 2,935 2 54 1,057 3,992 
Jö ³Ü¹ũw- kk ² 2, 036 7 901 2, 944 
19052... B ĩðͤ Eccc nte 8 1,261 14 872 2,147 
ilo EE 705 52 823 1,580 
KL EE EE 591 11 586 1,188 
EE 422 10 374 806 
e EE 375 17 341 783 
))/)õ bea ced ĩ K 8 375 1 256 632 
T998 EE d y Ne Dee E 174 2 223 399 
IJ9999d.;üü y ³ĩð 8 112 1 235 848 
TEE y S TE A 103 30 183 316 
Ën RE N 428 502 
JI ⁰¹ . 115 1 222 338 
%7%/%%᷑ es OE 8 200 . 2:4 169 429 
Ei EE EE 108 6 146 259 
19655... x2 Se Satie ce uam usss sus 15 4 120 189 
19008:22 r EE 124455 390 145 


1 Prior to 1925, explosives used for nonmetal mining were included in metal mining and classified as other 
mining: explosives used for quarrying were included in all other purposes (not shown in this table). 
2 Sold but later returned un š 
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Table 25.—U.S. consumption of high Geer other than permissibles in the minerals 
industry 


(Thousand pounds) 


Year Coal mining Metal mining Quarrying and Total 
nonmetal mining 

1 AA 20, 908 89, 790 110, 606 
II! 88 24,143 92,096 _ ..........- 116,239 
/;öÜẽ mm xx. E 24, 216 84,2660 108, 481 
1JJJJ!öÜ§§ĩ¹ ö. ³⁰˙ mA eS 22,384 109,129 . ........... 131,518 
III a opas 20,901 131,754 — ...........- 152,655 
1911... 2-2 S y EE 28,263 132233 „-I2Uö 160,499 
1918- EE 80,780 102, 95 133, 735 
1919. 25 ue m 8 29,616 89,755  J ..........- 119,371 
Ki EE 37,273 89,132 eee 126,405 
Ee 34,232 50,977 ese 85, 209 
ö; ᷑ . 8 25,498 78,074 — EE 103,572 
1928-04 ⁵ : . erm 2 ux 37,829 105,004 ů kl! 142,833 
1924 EE 36, 608 108,836 . ........... 140,444 
1925 EE 26,947 102,623 71,501 201,071 
1926.25.22: uh L AM A 35,229 110,374 76,186 221,789 
J927T 2 ̃ͤ ] . 88 34,173 102 ,122 78, 506 214, 801 
1928- hee -R 30,077 96,088 74,820 200,985 
Le EE 81,752 108,939 79,505 220,196 
Lol Ee EN 28,148 91,161 68,334 187,6 
1081.2... A ⁰ 19,965 57,431 48,568 125,964 
LEE 16,173 29,409 ,263 74,845 
1933 EE 17,4178 32,839 29,985 80,302 
I;§˙ ⅛⁰⅛ wmp ß N 22,212 45, 690 84,491 102,393 
1199. ⅛ð 8 21, 958 55, 841 34,222 112, 021 
899.öÜ:zr EE choles 24,053 76, 657 49,779 150, 489 
1ĩ§ĩÄö ði ð ⁵ ⁵, ⁊ĩ⁊;ud my et 26,691 99,537 52,777 179, 005 
1998. A y Saree S idt 23, 584 75,407 40, 702 139,693 
1999 EENEG 23,663 88,061 58,732 165,456 
77%%%%%%öĩ0ß— es eee aee itor 26 , 686 105,995 59,634 192,315 
J!! C 88,515 116,344 78 , 408 238 , 262 
TEE 42 ,009 119,936 85,281 247,226 
0A]. oru ³ Ecc enc d ae 54,060 122,653 19,647 256,360 
19442... Se Ute 77,493 102 ,164 70,531 250,188 
EE E 91,551 89,292 73,031 53, 
1946 ⁵ ³ A er te oh 108, 076 82, 173 101, 458 291, 707 
ĩ§ ĩ ĩo˙ͥ—iq¹³ ᷣ ĩvryʒ y eA See tu 180,719 102 ,249 109,118 342, 086 
J. 88 159, 258 115, 909 123,135 898,302 
1949 EE 126 , 409 110,804 120,185 357 , 398 
OBO EE 156,839 127,749 188,857 428 , 445 
J ³ÄVW Ee ĩðͤ E 152, 500 147,073 150,230 449,803 
1952. «nego ee ß 8 144, 996 151, 148 165, 511 461, 655 
1950. o y cci niii 134,483 167,294 175,189 416,966 
ET DEENEN 108,048 145,953 169, 565 423, 566 
1955. 12202 d my md aa PRU 123, 651 168, 483 195,185 481,319 
19 ee dus oie RI. 172, 780 197, 190 212,189 582,109 
7§Ü T8 245, 735 191, 788 216,333 653,856 
J. K ee ee toe 259, 933 144, 812 210, 330 615,075 
1J%%%/§ĩ51: 8 279, 608 151,877 248,515 679, 500 
))! 8 332, 395 221,097 261, 980 815,472 
öÜÜf rͥ / cnc esaet 339,173 234,097 267,478 840, 748 
// ee ees ee 363 , 265 245,147 286,749 895,161 
%%%%%%⁵·ͤ mts 8 428,804 252, 726 319,819 1,000, 849 
1964... 0 sro ceu tho Loto 470, 702 318, 176 360,312 1,149,190 
///” ³Wü a a e 515,651 356,632 369, 334 1,241,617 
1 9f%ſͤz]]]]=ꝛ y E eue 534,141 353,236 393,911 1,281,288 


1 Prior to 1925, explosives used for nonmetal mining were included with metal mining and classified as other 
mining; explosives used for quarrying were included in all other purposes (not shown in this table). Includes 
unprocessed ammonium nitrate as well as completely processed ammonium nitrate blasting agents beginning 


with 1956. 
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Table 26.—U.S. consumption of permissible explosives in the minerals industry ! 
(Thousand pounds) 


Quarrying and 
Year Coal mining Metal mining nonmetal Total 
mining 

KEEN 18,151 4,668 | ......... 22,819 
AE EE 21,804 4735 26,539 
1912. 3.25 cos lodo cea EE E 19,594 4,8500 24, 444 
Kn k dt a un N asss : 4,688 26, 530 
IJJ!öÜXö[B vy y ei 26, 567 6,207 — 22an- 82,774 
Jö ( 88 32, 910 6,102 . ......... 89,012 
1918 EE ee 37,269 4,550 41,813 
1919. neto. eoru REO ON, CO 32, 840 2,4gs 35,338 
KEE EE 45,222 8,751 . .......-- 48,978 
1 38, 056 882 2222222 88,938 
KL ai 40,198 1,4059 ` —ö.-l! 41,651 
1923 EE 56 , 807 T83 ¿2 57,590 
1924. lg a i sss ĩ ³ AA ĩð EE 52,147 515  _ ` . 2a 52 , 662 
7ͤĩÄͤL x EEEE 52, 256 3, 533 838 56, 627 
br 7«-0Viĩ md hs gc 65,143 216 581 65,940 
OO ERRORES K ⁰y RR RP s: ; 191 536 61,669 
1998.25 4 ss is wh rent S ass Aes 57,261 231 1,243 58, 785 
IURE. em e ⁵ið˙ x a a ha au EM 60,244 165 370 60 , 779 
1980 n cioe mut NOOR e NL 52,378 183 502 ,0 

Eno ORCI / ͤ 5¹5Üi⅛ 8 40, 611 10 280 40,851 
EE 81,533 85 93 31,661 
77õͤõĩõĩ[ô ĩð f EO CHIEN 33,218 26 434 33, 678 
;öÜĩÜĩL² ⁰⁰ m ⁊ꝛ . ⁊ a re Tc 38,770 28 287 39,085 
7öôôÄ˙§5ü POT RHENO 88,665 75 329 89,069 
KEE EE 47,002 68 580 47, 650 
I98T. ou oft KZ EE 48, 735 50 494 49,219 
EEN 41,417 20 268 41,705 
1999 EE 49,401 17 887 49,805 
1040... s Sa EN ne Ene m a EE 57,821 27 458 58,301 
1941-2 m noc 8 69,971 19 551 70,541 
Kr LEE 83,400 33 477 83,910 
1943 clu. m m aii saus 92,135 26 421 92, 582 
e . 101, 825 4 513 102 , 342 
JJ! ⁰—m . 8 96,848 15 447 97,310 
KT m AA 99,455 20 689 100,164 
KC GEES 121,432 39 708 122,174 
Ee 125,185 56 823 126,064 
ö EE 0,535 85 777 91,347 
1950... o ⁰ 8 108,351 55 895 109,301 
Li REECH 107,182 131 815 108,128 
ü ende EL at m E 94 , 482 62 763 95,307 
1953.1. nee sts ER 88,810 T8 819 89,702 
00öĩÜ0· E E EEA 74,988 78 610 75,676 
KEE A 92,657 125 754 3, 536 
KEE 108 , 698 95 726 104,519 
KEE EEN 103 , 534 55 446 104,035 
Dag AENEAM x EE 82,892 101 406 83,399 
IJ.ü ³ Kd ma egy EE 82, 573 89 528 83,190 
KL EE 19,667 60 450 80,177 
T9681. C. ono ß Ro eens 12,522 58 445 78,025 
1062. 5. 5. deos lie us ĩͤ e at a 71,646 39 532 72,211 
19693 EE 75,150 74 560 75, 784 
1J%öÄ%ĩ ͤ½ ⁰m mtr. eh ae ae 75, 950 117 741 76, 808 
T965- EE 73, 564 79 1,520 75,163 
J§Ü s ⁰ . hos eels ae 71,091 95 1,957 73,143 


1 Prior to 1925, explosives used for nonmetal mining were included in metal mining and classified as other 
mining; explosives used for quarrying were included in all other purposes (not shown in this table). 
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Statistical Summary 


By Kathleen J. D’Amico’ 


This summary appears in Minerals 
Yearbook volumes I-II, and III, which 
cover mineral production in the United 
States, its island possessions, the Canal 
Zone, and the Commonwealth of Puerto 
Rico, as well as the principal minerals 
imported into and exported from the 
United States. The sections of this chap- 
ter and the area chapters in volume III 
contain further details on production. A 
summary table comparing world and U.S. 
mineral production also is included. 

Mineral production may be measured 
at any of several stages of extraction and 
processing. The stage of measurement used 
in the chapter is normally what is termed 
“mine output.” It usually refers to min- 
erals in the form in which they are first 
extracted from the ground, but custom- 
arily includes for some minerals the prod- 
uct of auxiliary processing operations at 
or near mines. 


Because of inadequacies in the statistics 
available, some series deviate from the 
foregoing definition. The quantities of 
gold, silver, copper, lead, zinc, and tin 
are recorded on a mine basis (as the re- 
coverable content of ore sold or treated). 
The values assigned to these quantities, 
however, are based on the average selling 
price of refined metal, not the mine value. 
Mercury is measured as recovered metal 
and valued at the average New York 
price for metal. 

The weight or volume units shown are 
those customary in the particular indus- 
tries producing the respective commodi- 
ties. No adjustment has been made in dol- 
lar values for changes in purchasing power 
of the dollar. 


1 Statistical officer, Minerals Yearbook. 


Table 1.—Value of mineral production ! in the United States by mineral groups 


(Millions) 
Year Mineral fuels Nonmetals Metals Total 
(except fuels) 
19köüö§öX%dñ el ee $13,317 $4,316 $2,002 $19,635 
T9604- 22222 hE oe tree 18,623 4,623 r 2,866 r 20,612 
J965 ees oe se 8 14,047 4,933 r 2,544 r 21,524 
1966 EE 15,112 5,176 2,708 22,991 
11d 8 16,198 5,205 2,333 23, 786 
r Revised. 


Production as measured by mine shipments, sales, or marketable production (including consumption by 


producers. 
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Table 3.—Minerals produced in the United States and principal producing States in 1967 


Mineral Principal producing States 


in order of quantity 


Other producing States 


Antimon Idaho, Nev., Alaska, Mont. 

REESEN Va. 

Asbes tos Calif., Vt., Ariz., N. C. 

lll ZS s Tex., Utah, Ala., y)) 
Iii 8 Mo., Ark., Nev., Ga 

ine, ek Ark., Ala., Ga. 

Beryllium S. Dak., Colo. 

Boron e eco ese ali 

Bromine --0--0------- SS Tex., Ark., Calif. 

Brüeiit 


Caleium- magnesium chloride. . . Mich., Calif., W. Va. 


Carbon diox id N. Mex., Colo., Calif., Utah..... 
Cement Pa., Calif., Tex., Mich.......... 
Clays_......-...-.-----.---- Ga., Ohio, Tex., Pa 
TN EE W. Va., Pa., Ky., III.. 


Coba!!! Pa. 
Columbium-tantalum. ........ S. Dak. 
r Lec aru Ariz., Utah, N. Mex., Mont 
Disatomite -_------- Calif., Nev., Wash., Aris. 
, i ncc eek tate ^ e 
Feldspat N. C., Calif., Conn., S. Dak....... 
Fluorspa rt III., Ky., Mont., Nev_._. 
Garnet, abrasive N.Y., Idaho 
G ˙·˙¹w-—-»» »» aa a Ss S. Dak., Nev., Utah, Ariz....... 
Graphite 
gpeunm. Mich., Calif., Iowa, Te... 
Helin. ---------- Kans., Tex., Okla., N. Mex...... 
Iodine..... ccs Mich. 
Iron ore Minn., Mich., Calif., N. y 
Rinke Va., S. C., Ga. 
7/0 Mo., Idaho, U tah, Colo. ......... 
EL, M — Lo Ohio, Mich., Pa., Tex ..----_- 
eil oes N.C., Nev., Calif., S. Dak. 
Magnesite ---------------- Nev., Wash. 
Magnesium chloride ex. 
Magnesium compounds Mich., Calif., Tex., Fla. 
Manganese otre --------- N. Mex., Mont. 
Manganiferous ore Minn., N. Mex., Mont., Colo. 
Manganiferous residuum. ..... N.J. 
Marl, ereensgand gg N.J., Md. 
Mercur Calif., Nev., Oreg., Idaho 
Mica: 
Serap-.----------------- N.C., Ga., Ala., S. GC.. 
Sbeektk N. H., N. C. 
Molybdenum...............- Colo., N. Mex., Ariz., Utah...... 


See footnotes at end of table. 


Mo. 
Alaska, Calif., N.C., Tenn. , Wash. 


Wash. 

Ala., Ariz., Ark., Colo., Fia., Ga., 
Hawaii, Idaho, Ill., Ind., Iowa, 
Kans., Ky., La., Maine, Md., 
Minn., iss., Mo., Mont., 
Mente Nev., N. Mex., N 
88 Ohio, n ode S S.C zu 

Dak k., Tenn., 

Wash W. Va., Wis., Wyo. 

All other States except Alaska, R.I. 

Ala., Alaska, Ark., Colo., Ind., Iowa, 
Kans., Md., Mo., Mont., N. 
Mex., N. Dak., Ohio, Okla., S. 
Dak., Tenn., Utah, Va., Wash., 
Wyo. 


Alaska, Calif., Colo., Idaho, Mich., 
o., Nev., Okla., Pa., Tenn., 


Wash. 
eg. š 
Ariz., Colo., Ga., Maine, N.H., 
e, Va., Wyo. 


Ariz., Colo., N. Mex., Utah. 


Alaska, Calif., Colo., Idaho, Mont., 
N. Mex., Oreg., Pa., Tenn., 
Wash. 


Ariz., Ark., Colo., Ind., Kans., La., 
Mont., Nev., N. Mex., N.Y., 
Ohio, Okla., S. Dak., Utah, Va., 

i Wash., Wyo. 


Ala., Ariz., Colo., Ga., Idaho, Miss., 
o., Mont., Nev., N.J., 
Mex., Pa., "Tex., Utah, Va., 
Wyo. 


Ariz., Calif., Ill., Kans., Ky., Mont., 
ev., N. Mex., N. V., Okla., 


Va., Wash., Wis. 

Ala., Ariz., Ark., Calif., Colo., Conn., 
Fla., Hawaii, Idaho, III., Ind., 
Iowa, La., Md., Mass., Minn., 
Miss., Mo., Mont., Nebr., Nev., 
N.J., N. Mex., N.Y., N. Dak., 
Okla., Oreg., S. Dak., Tenn., 
Utah, Vt., Va., Wash., W. Va., 
Wis., Wyo. 


Miss., N. J., Utah. 


Alaska, Ariz., Ark., Tex. 


Ariz., Calif., Colo., Conn., N. Mex., 
Pa., S. Dak. 


Calif., Nev., N. Dak., S. Dak. 
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Table 3.—Minerals produced in the United States and principal producing States in 1967 
—Continued 


Mineral Principal producing States Other producing States 
in order of quantity 


Natural gas. Tex., La., Okla., N. Mex.......... Ala., Alaska, Ariz., Ark., Calif., 
Colo., Fla., Ill., Ind., Kans., 
Ky., Md., Mich., GE Mo., 
Mont., Nebr., N. V. Doe 
Ohio, d. Tenn., Utah, V 
. W. Va., Wyo. 
Natural gas liquids_______.._- Tex., La., Okla., N. Mex n Ark., Calif., Cae, Fla., Ill., Kans., 
Ky., Mich., Miss., Mont., Nebr., 
N. 'Dak., Pa., Utah, W. Va., 


Wyo. 
hr -——— Oreg. 
Olivine... ------------- Wash., N.C. 
Post o rs ⅛ md cocto eus Mich., III., N.J., Ind Alaska, Calif., Colo., Fla., Ga., 
Idaho, Jowa; Maine, Md., 
Mass., Minn., Mont, Nev., 
N.H., N.Y., N. Dak., Ohio, 
SIE: Pa., S. C., Vt., Wash., 
Perlite N. Mex., Ariz., Nev., Calif........ Colo., Idaho, Oreg., Tex., Utah. 
Petroleum Tex., La., Calif., Okl a.. Ala., Alaska, Ariz., Ark., Colo., Fla., 
III., Ind., Kans., Ky., Mich., 
Miss., Mo., Mont., Mebre Nev., 
N. Mex., N.Y., N. Dak., Ohio., 
Pa., S. Dak., Tenn., Utah, Va., 
Va., Wyo. 
Phosphate rock Fla., Idaho, Tenn., N.C........... Mort., Utah, Wyo. 
Platinum-group metals........ Alaska, Calif. 
Potassium salt?s N. Mex., Utah, Calif., Mich....... Md. 
Pumi6e. ss occ l 2 RE Ariz., Calif., Oreg., Hawaii Colo., Idaho, Kans., Nebr., Nev., N. 
Woe Okla., Tex., Utah, Wash., 
Py ites -—— eto ee uy Tenn., Pa., Colo., Ans ........... S.C., Utah. 
Rare-earth metals Calif., Ga., Fla., Colo. 
Sloat ek elses EE La., Tex., Ohio, N Y wee esse Ala., Calif., Ge, Hawan Kans., 
ich., Nev. " Mex. N. Dak., 
Okla., Uta b. Va. W. Va. 
Sand and grave l Calif., Mich., N.Y., Ohio. ........- All other States. 
EE 2 roce E recusa peius Idaho, Utah, Ariz., Mont Alaska, Calif., Colo., Mich., Nev., 
N. Mex., N.Y., Okla., Oreg., 
Pa., S. Dak., Tenn., Wash. 
Sodium carbonate............ Wyo., Calif. 
Sodium sulfate..............- Calif., Tex., Wyo. 
Staurol ite Fla. i 
Oe EE Pa., Tex., III., Ohio All other States. 
Sulfur (Frasch )))) La., Tex. 
Sulfur, ore alif. 
Talc soapstone, and pryophyllite. N. V., Calif., Vt., N.C............- Ala., Ark., Ga., Md., Mont., Nev., 
eg., Pa., Tex., Va., Wash. 
"IH uon ⅛ m eee Calif., Colo., Alaska. 
Nitrit 8 N.Y., Fla, Ga., N . ccd ese Va. 
Tripoe!lilh„ eles III., Ókla., Ark., Pa. 
Tungsten. Calif., Colo., Idaho, Nev_._ Ariz., Mont., Utah, Wash. 
Urapium N. Mex., Wyo., Colo., Uta Ariz., N. Dak., S. Dak., Tex., Wyo. 
Vangdium. ------------- Colo., Idaho, Utah, N. Me Ariz., S. Dak., "Wyo. 
Vermiculite Mont. . S. C., Tex., Aug Wyo. 
Wollastonite N.Y., Calif. 
VAN Tenn., N. V., Idaho, Colo Ariz., Calif., III., Kans., ode Mo., 
Mont., Nev., N.J., ex., 


Okla., Pa., Utah, Va., Wash., 
Wis. 
Zirconium Fla., Ga. 
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Table 4.—Value of mineral production in the United States, and principal minerals 


produced in 1967 
(Thousands) 
Percent 
State Value Rank of re Principal minerals in order of value 
tota 

Alabama 3251, 391 21 1.06 Coal, cement, petroleum, stone. 
Alaska 134, 066 29 56 Petroleum, sand and gravel, coal, natural gas. 
Arizona 463, 863 15 1.95 Copper, sand and gravel, molybdenum, cement. 
Arkansas 179,453 27 76 Petroleum, stone, bauxite, cement. 
California 1,696,233 3 7.15 Petroleum, natural gas, sand and gravel, cement. 
Colorado 5 46,235 17 1.46 Petroleum, molybdenum, coal, sand and gravel. 
Connecticut 20, 619 45 .09 Stone, sand and gravel, feldspar, lime. 
Delaware 2,983 50 .01 Sand and gravel, stone, clays, gem stones. 
Dist. of Columbia 5 
Florida 309, 797 18 1.31 Phosphate rock, stone, cement, clays. 
Georgia 153, 458 28 65 Clays, stone, cement, sand and gravel. 
Hawaii 16, 936 46 .07 Cement, stone, sand and gravel, pumice. 
Idaho............- 109,408 31 .46 Silver, phosphate rock, lead, zinc. 
Illinois 636, 801 8 2.68 Coal, petroleum, stone, sand and gravel. 
Indiana 244, 921 22 1.03 Coal, cement, stone, petroleum. 
Iowa. 113, 222 30 48 Cement, stone, sand and gravel, gypsum. 
Kansas. 574, 068 10 2.42 Petroleum, natural gas, natural gas liquids, helium. 
Kentucky........- 535, 705 11 2.26 Coal, petroleum stone, natural gas. 
Louisiana 3, 961, 750 2 16.69 Petroleum, natural gas, natural gas liquids, sulfur. 

a ine 14, 882 47 06 Cement, sand and gravel, stone, peat. 
Maryland......... 72,819 37 .91 Stone, cement, sand and gravel, coal. 
Massachusetts 40, 612 43 .17 Sand and gravel, stone, lime, clays. 
Michigan 610, 204 9 2.57 Iron ore, cement, sand and gravel, bromine. 
Minnesota 523, 826 13 2.20 Iron ore, sand and gravel, stone, cement. 
Mississippi 217,010 24 .91 Petroleum, natural gas, sand and gravel, clays. 
Missouri 236, 659 23 1.00 Stone, cement, lead, iron ore. 
Montana 186, 524 26 79 Petroleum, copper, sand and gravel, phosphate rock. 
Nebraska. 70, 868 39 30 Petroleum, cement, sand and gra vel, stone. 
Nevada 90, 883 33 38 Copper, gold, sand and gravel, diatomite. 
New Hampshire 8,117 48 .03 Sand and gravel, stone, clays, felsdpar. 
New Jersey........ 72,747 38 31 Sand and gravel, stone, zinc, magnesium compounds. 
New Mexico....... 874,106 7 3.68 Petroleum, natural gas, potassium salts, uranium. 
New Vork 299,318 19 1.26 Cement, stone, sand and gravel, salt. 
North Carolina..... 77,094 36 32 Stone, sand and gravel, cement, phosphate rock. 
North Dakota 97,538 32 .41 Petroleum, sand and gravel, coal, natura] gas. 
Ohio 498, 888 14 2.10 Coal, stone, sand and gravel, cement. 
Oklahoma 1, 032, 126 4 4.35 Petroleum, natural gas, natural gas liquids, cement. 
Oregon 66, 560 40 28 Sand and gravel, stone, cement, nickel. 
Pennsylvania 898,398 6 8.78 Coal, cement, stone, sand and gravel. 
Rhode Island 4, 035 49 02 Sand and gravel, stone. 
South Carolina 48,274 42 20 Cement, stone, clays, sand and gravel. 
South Dakota 52,618 41 .22 Gold, sand and gravel, stone, cement. 

ennessee......... 189,572 25 .«80 Stone, zinc, cement, coal. 
Texas... ere 5,406,371 1 22.78 Petroleum, natural gas, natural gas liquids, cement. 
Rn! 354,477 16 1.49 Copper, petroleum, coal, molybdenum. 
Vermont 27, 268 44 11 Stone, asbestos, sand and gravel, talc. 
Virginia..........- 283,685 20 1.20 Coal, stone, cement, sand and gravel. 
Washington 82,067 84 35 Sand and gravel, cement, stone, zinc. 
West Virginia 937,858 5 8.95 Coal, natural gas, natural gas liquids, stone. 
Wisconsin 79, 612 35 34 Sand and gravel, stone, cement, zinc. 
Wyoming.........- 530, 696 12 2.24 Petroleum, uranium, natural gas, sodium salts. 

Total 23, 736, 0000 100.0 Petroleum, natural gas, coal, stone. 


MINERALS YEARBOOK, 1967 


108 


169 888 
S 

Le$ 

A 


Vrs ‘08 886 5 889 ZHI 993˙9 187 091 618 ˙9 9419'89T  --səpuno Zone ( ‘S310 JO 3uəyuoo eiqu e A001) pio 
VN, 021 VN 021 VN 031 7... ß 5 5 55 890038 Wat) 
000 OT 777777 —— 77777 ———— ee —— — —— 222---- ipta “op BRP GE, NET i FIDE v qe BGO Og gra Td FUP MESE deu EUR Judson], 
A, 98 £96 1 8 , 962 9T o9} ) 88 uro 
TFL TOS 500 989 699 684 166 26 2 ILS 80 529 095 886 069 suo; ou ( ‘S910 JO 3uo3uoo eo]qu1oA0201) 1oddo:) 
Jh f 737 . PD UOS. 777777 M EL (snourum3tq) (eo? 
29 1215 68 591 621 erz$ 891 "=" 800} 94048 puren 888 t SÁBIO 
M M M DAC 695 8 A A c ⁊ d R EA S0)89Q08 V 


M Lo . 9 oen EET. ꝶt ñ ß . ̃˙’ꝓßꝛ—ꝓ—ßrf ee ned icta jd 


VNOZ IU 

990 FET XX 889 88 XX SLY CR: XX 850 99: XX IL 
ve6'v XX 291˙9 XX 2199 XX 8109 XX J)! 8 A lo quis Aq pə1sorput 

sen[eA pur (99-596 I) 210 uintrugun ‘ur *ouo38 “s[e3əur dnoi3-winurj ed 

'Sauojs ua? (59-9961) e3u*eg :peso[ostp oq JOUUBD 3903 Sait JO ən[8 A 
6 9 6 L OT 8 6 L "` səəouno Ko: puesnoy} ~~ ~~~ - ("99a ‘SaIO JO 3uəl1uoo ə[q8IƏA00291) Z9A[IS 
952.92 0,8 22 862,1 Lëp LT 297 P€ 99808 885 81 680 92 suo JOYS pugs8noq3 7777777777777 7777-7777777-07- [24912 pug pueg 
791 16 921.62 200 Sp 898 Pl 820 58 831 IT 29 eg 690'IT  -'s[eoirsq uoll[e3-gy pursno ) pn) unsſoneꝗ 
21. 869 T A. A. 91 L96 T 61 09$'2 “TRUOJ MONT o e cono S ee E 2825 
019 8 88 FI VEL 2 298 TT 66. L 9922 612 T 8e2'9 77309] DIQND uomnpU^-77777777777700000000000000000000-- s93 [Une N 
A A AA A A A 96 £08 ` See punod gin: Amoi 
——— — — y fL e 6 222 5,  T78UO0) MOT 7777777 Ce 810 JO 3ue3uoo e[qu19A0091) pros 
£08 856 2 996 928 LS 61 l GEZ Sp 9702 917 89 --8e0unO XI )) ("93a *8910 Jo zusquoo e[q€19A0201) Ploy 
A A A A 8. ce L II "` guo? Loupe (%% ‘S910 Jo quəquoo a[qu18A0201) 1eddo^) 
966 Lë S26 896 98 26 960 og 868 800'9 SYL suo %s Dueno "77777 7777777777777777777 (Snoupumn31q) Teo? 
A OT M 8 I$ I 812 FI ` yuəyuoo Auoumue ‘suog Logg 9381}U90U0D pus oo Auownuy 


VISVIV 
“Weelics ws ‘eine è {vy = aias WU AE US n —n—. V 
168 ISC XX SLL 696 XX 598 95 XX 069 98 XX 1820. 
r+L6 2 XX 829 XX OFF 6 XX (GEN? XX — U aaa (9961) (od pus in (99-9961 euo31spues peusnado 
99-5961 nous 99-596 T e[q1eur uoiSuaurp *euo3seuri| UOISUSUIP) ouo3s 
ss ‘gorur deg ‘(G9-F96T 931u03ueq 99-5961 uon) gien “quəurəo 
Ses ‘ayixneq ‘y;eqdse ADN :peso[oSIp eq 3ouugo 3203 SWJ! jo ən[8A 
978 88 [L€ 81 688 og ? 552. 02 ? 0I8'°08 » L86‘ LT ? 916 p CH E lte 1 d ĩ y eae Soe ss ne 9uo3g 
696 A 666 4 896 A 880 A q61'L Cor 9 161 9 Ors 9 X 80u0)j10Q8 pUuSn-okTT“!P!Mh Dh rts creer [94918 pus puss 
009 61 StS L 858 06 080 8 L¥0'IZ 590 8 G60 26 Set 8 ` Siaiige0g uol[g3-gp pues noh (əpnio) umo][oa3oq 
I6 i 8 88 298 96 : £03 81 ; 991 285 DIQND uo uhꝓ luaꝑgm“ “hh 82 ju. mas N 
GIL A Va 25. 8 669 906 L 899 811.2 669 - $UO) 31008 pugsnoq)-- ^^^ ^" 77-7777 7 Du 
986 8 oLy í I el, 8 809 I THS 8 967 J €I8 TI 90T 6 DA 88012 ‘suog Buol pugsnoy} "7777777777777 (ajqusn) ato uod 
969 OTT 987 SI 811 OOT 612 PT 652.901 668 VI 292,201 cer PI Mn ONG KIM EUM TTT (snouꝛiumaiq) [BoD 
GA voL 6 251.2 LA 888 F t 066 6 t 090 F t 166, I t - 8u03310Q8 Dugenou "^^^ J J J 7777777770700 7077707077090007 *777^SÁSIO 
886 9 LLS, 8 819 4 OLS rá 8S8 L 869, 8 562. 2 VAS ë - Slaiig0g punod-0g8Z pues8noq377-7^-7--7-7-7--7--7-7-77-7-7------ ÁA1UOS9 W 
OTS 953 598 ST 289 655 568 91 509 2353 993 €T 80 I Or 048 21 ` Siaugeog punod-9;g pus nod)! es e 5 
z J uod 
— o'.Ü'—— — ESE 
VNVAVIV 
— .— A. —̃ ̃ ̃ ũ q¶ ũ »—ͤ — —yV—᷑—— — . — —ññññ—ßK—..—— . — 
(Spuesnou3) (spuesnoqu3) (spuesnoq3) (spusesnou3) 
en[eA Anuund ons A Ayune on[eA Apune en[eA A3nueno 
— — — Ig:ƏGuLI]N 
2961 9961 9961 5961 


Jh a a r REN 
seng Aq 'sojejs PINUN eq ut 1 uonənpo1id [e1ourji—-« AQL L 


Iq JO pue 39 s9300300j 999 


~-------- A A A A z y -"spunod-----7-----7-7-7-7-777-77777-7777---77----(eps913 jeondo) apep 
OST EL 996 608 89 998 081 59 208 148 09 94, HA OE MESSIS Pria NECEM ERE UM qe S[|&JouTul uoJogq 
TL : OT I 501 : 91 Lë i L4 : S} : 9 SUO} JOYS pus no) T7007770777777 928 
983. 98 160 LL 956 93 129 18 221 9$ 289 FL 615 5 150 ˙99 - SHO} % Ssq ee wees sss secre eee sees seers S01S9qSV 
sq S q UE. am ssp (s) I — 7 7 77 77 V 777777 VV (77777777  773u93uoo Auournug ‘suog 310487 777-7-7---9j91)Uu99U09 pue 0 Auouuy 
— 2 ͤ -— . —— 
VINSIOJI'IVO 


— — — ——— —— NN NN 


89 6 XX Lët 061 XX 011•61LT XX 818 FLI XX 


STATISTICAL SUMMARY 


368 61 


982' 85 
189.91 


898 895 


809 81 


296 e 


XX 


FOE LT 
683 YI 
90. 12 
08 ‘SS 
SSS ‘LZ 


2839 911 
281 

VN 

681 

156 

09 59 
Lët 
666 


XX 
XX 


6e6'I2 


88952 
98018 
31889 
88. € 
826 I 


LOF 91 
500 8 
98 

059 ‘T 
9LL t 
LOV OT 
685.61 
992 2$ 


SSI St 


XX 


ent et 
930.91 
28 ES 
799.59 
090'2€ 


5LI 901 
202 
VN 
982 
GLL e 
208 25 
SIL‘T 
88 


610‘9T 


8LL‘9% 
988.91 
726.89 
681.8 
879 T 


726,21 
QLL‘Z 
18 
tat 
geg 
HÄ 
726.21 
678 88 


XX 


XX 811889 XX 
XX LS LI XX 
986 91 898 oa 29 12 
M 188 A 

LEF A AA 

¿ q 8 
L2 LI +LY 2 
688 9 1882 960'9 
084'8T 129 91 816 rt 
801 SIS'I I9I'I 
281 A 26 
1918 918 901˙8 
19101 088 91 668 6 
898 06 891 
812 859 8 502 
(CM: 978 J 816˙9 
A 19 8 

009 89 080 2 00089 
GL 059 801 


— —— —-¼— — — —. —— — — ——— . ñ—— — aaa 


620 229 : 


11902 „„ a eee C MEO CM NOD A IoquiAsS Aq po3eorput san[eA pue 
9-961) nodin 'euo3sdeos (99-598 ) x01 ejeudsoqd (29-9961) 
Anou (99-5961) 940 uout 'umsdAZ (9961 Cep ə:U pug uioey) 
SABO “quouuəo 'Souo38 ASU V :peso[psIDp eq JOUUBS JEY} sul JO en[e A 
SL og ISS os J) T 908 
988 PI 56 TI ` “suoq Joys pus s noh DASZ pue pueg 
OcT H L8L'96 -"s[eurq uo[[e2-7p puzSnoqy 77777777 777777777777 (apnis) umnejo1jeq 
097 6 919 19 J! oe ane ae ae ee seses Art 
819 T 28008 - suo[[g3 puasnoda jj syonpold IPA pue auljoses jenjen 
:Spinbi] $92 [einen 
908 IT 893. 91 ` 199] DIQND ont w e ences scr ss ses ju m N 
LAUCK: 681 Su mods pussno jh uuf 
e€ ccc EI QU I saras e, S9U038 WIN 
809 1 ole ) OC ee ee ee eee ee (Snourtumnjiq) [BoD 
891 28 868 suo JOYS PUBBNOG hh SAS? 
A A --spunod pugsnoq3^^^^----7------ spunoduioo ut əuttuoiq puse eutuio1qr 
Ter Lt 29S ‘T ` -3uəl[gAmnbə polip ‘suog Zuo] pugsnoq37^77777777777777777-7-7- ang 
c0c 25 gez Sung %s puniiauo8SSsS 5h! e3ueg 
SVSNVAUV 
5 ee >, Ca cia ĩ erg T830 L 
288 03 XX- leede VV... A ToquiAs Aq po3eoripur sen[eA pug 
(2961) e3imorueA 'so31i&d ned em deg *1edsp[o] (5961 Zen 
91g 'o31u03ueq) SABI ‘JUaUIaD :peso[»stp aq YOUU JULY} Suf93! Jo ene A 
9IL'9 069 52 SO: © aaa aaa EE EE Ca ‘Salo JO 3uəl1uoo B[qBIBAODII) JUIZ 
GLS M Ui 34008^^^^ 77-77-77 (9}813U99T09 pus o1o ur o[qeJoA 0901) umtpeueA 
A AA --spunod Guegnoun "ee (COEN 3ue3uoo equi A000) umu 
LT 9T 7^8I88q £O AA 3ueo1ed-09 ‘suog Log 93€13ua2uoo pug a1o 3ues2un I, 
£829 69L'8 ..8u0j a purs no) əuo1s 
819 (CR: ~“seouno Ani} puesnoq3^^-^^-^-^- ( ‘Salo JO 1uo3uoo ə[q819A00291) 19ATIS 
898 0 911 ‘ST C' ² ß tn ate eer [24913 pug puegs 
989 1 088 ~~ SUO) 43408 Pu nB˙⁰lUul ln — eran əorumq 
A 59 "Sali uo]l[g3-gp Duegnout 777s- (epnao) urn 
THS 510.2 290 DIQND UOT ~~ !!!! s83 [81h38 N 
389 6 966 9 ""spunod Düueenou (91€13ue0u09 jo qusquoↄo) ummuepqA][o]A 
ve LL -"sX4ssg punod-gmͥiinndTDmNighhhhhh „„ AIIN 
026 2 LLI uod Moug Dueno art 
T19‘T LPT 9 Su) JOYS ~~ l. 7 U U U U "Ca ‘S310 Jo quegquoo ə[q#1ə9Aooə91) peer 
Ze + feu 88013 *suo3 Zuo[ puesnoq3^^^^------------- (olq sn) əro uo 
019 T 000 97 77399] 9Iqno pursnouRuuTTTTTTTTTT Í V op ‘wnieH 
O LPI 778UO3 11oq8 Duggnou "e SS aa unsdÁz) 


MINERALS YEARBOOK, 1967 


110 


VN 
008. 
£66 ‘8 
687 9 
969 
TOL‘ 281 


888 969 1 XX 


— — 


OLY OTE II XX 


08 

8 
OTL‘Z 
187 52 
95 I 
92$ 


908 269 L. XX 


VN 

129 
828'8 
06 5 
189 
899991 


08 
M ‘ 
7908 
25.82 
972 T 
988 


VN 
M 
899 5 
998 5 
899 


088 ITZ 
OGQVYHO'IOO 
659 099 I. XX 


ur s os po RE LL Iedsp T 
` guoq id sss (%% ‘8310 Jo 3uo3uoo o[q€1940201) 1addog 
sms ux C EE (snouunqiq) 1800 
80) JAOYS puds no) SAS 
77339} 91qno pugsnoq?-"" "7 OT 7 J 7 lu mquu *epixorp uoqiey 


SSL‘ SPT XX GER II. XX 506 LIT: XX 080 -BIla XX ——— o5 09 toon M oqui£8 Aq pejeorpur sansa pus (99-5961) 
uintugin *oje1rjuoouoo uəjs3un 'sojej[ns pug sojeuoq1ieo Urnipos 
*89}B1JUIDUOD [g1əur Q3182-o1e1 'Sj[|e8 uinisge3od (opnio) s[e3our dno:3 
uinurjejd ed *umrnuepq pour ‘goru de1os *sje1eurur uiri] *910 uot 
“(99—-F961) eurpot *e3ruro3vrp '(e3ruZi]) Iwoo *epixorp uoqiwo *'eptio[qo 
umniseuZeulr-umro[eo *eururo1q :peso[osrp eq 30uuso JEY} Sait Jo en[eA 
881 Typ L6 988 99 923 6e GEI DE) SE (e ‘S310 Jo 3ua3uoo o[q919A0201) outz 
A A AA A A M 98 GEN: e sucede turus !! 931uo389][O0 A 
A M 12 81 A M A A 8001 dUO]-- "075709 SET POOR ee (93€913ue2uoo jo quequoo) ut], 
gv6'T 995 ‘SPT 28 T Ore 881 98L T LO IPI 1891 109 Set -suog 10g o7[AqdoiAd pus “əuoqsdsos *o[u,T, 
8 899 9 299 2 098 8 029 e e 910 MJM 
692 99 981 28 988 19 TSO 8T 899 69 929 35 999 ‘$9 G08 ‘SF ~~ So) 21048 puesnoq1- ~~ ~~~ % en pe ere a area əuo1S 
VSS crt 9 061 59e Let 88 OLT ` sgouno A013 pussnoy}~ ~~~ ~~~ ("930 “sə1o Jo 3ua1uoo ə[q819A0091) IBATIS 
3181681 921.911 Lët eer 269 051 Loo 981 Ole ‘SIT 888 ‘6ZI 966 GUL. a Op ee a eer eme uS. [94913 pue pues 
A 38. I A ` 869 T M 889 L M 989 “T ff dd . ͤ M LE Wes 
Lge T 998 893. T 089 ppl. I 979 286 I 855 SUO} os pursnohahaajahn?; bun eorunq 
S&T 608 612 6S6 588 218 962 978 660 895 835 918 880 621. 600 008 sud uoll[g3-gy pursno jj! (epnis) uine Io 
968 j VIO : 08 588 ; 966 : 66 PST f G06 op Cry , 168 op aun e EEN Id 
990 6I 859 998 POS LI 591.898 295.91 380 688 868 ‘ST RIO CoG. c7 0D oer q ̃ ̃æ̃ę d 8 898923 d'I 
ool 65 586 859 668 389 9 898 LL99 098 67 08; 999 880 59 SLë OSL `` suoj[[e2 Düeenoum sjonpoid ƏL? pus auljoses [urm18 N 
| :gpInDII 892 [e1n38 N 
06220 080 189 S.l $669 811 ‘STL 9 690 502 588 099 199861 PER 099 200 ona uol lle - 893 [BINjJeN 
810 8 S88 9I OOT L 040 9I 099 POP €T ae e 162 01 "See punodGgñ e .-O--Amo19]N 
288 9 669 9L Sly L 91818 996 L 3 39996 GEI 2 GEL C ⁰ ĩ y ⁊ĩ . EE qua[eAinbe OZW ‘suog yos 
(Daigutea Aed) SU. /d PUB eu BIS Wo1] Spunoduioo umissuse JA 
969'8 689 POL 8 899 €LO TI 209 563 01 LLG X $u0j FAOYS phον¹νn⁰§tlfiinn 9UIrT 
987 S8L I L69 916 T 999 01811 907 9591 SO oss ne ('93ə ‘8a10 Jo 3U9}U0d ə[q819Aooə91) peə'I 
OST € 172.1 590.8 L02 I I88 € IT9'T 689 5 868 J ` 8U0} Log purs no winsd K 
Oc? I OLS OF 492'2 Y9L'v9 1032 988 29 987 ‘Z 880 LL - Səeouno K⁰õ e; (*939 ‘S310 Jo qusquoo o[qe&19A00041) ploy 
002 VN, 002 VN 00€ VN 00 EN Ee 89038 urəD 
A 691 56 A 216,00 M 926.96 M VIG 20T EE -1edspro,T 
209 88 082 820 T $28 | S9I'I 949 9801 778UO3 ss —— (*930 “sə1o Jo quəquoo oiqu ie AO) addon 
280.9 6092 80L 9 786.2 926 L 202.8 885.8 989.8 ae MON 1048 DuESMOW] "cuo ee ee ee BABID 
196 L81$ 580857 808 9FT$ 188 SY 398 FEIS 238 95 866 6VI$ — vOZ'Lp — ""Stoieg punod-g7g puren 1uəurəO 
———— Y —  — O M 
pənunquoo—vyIN4OJI'IVO 
(Spusesnoqa) (spusesnou3) (spuesnoq3) spussnog}) 
on[eA und de, ju Auen ən[g A quand ; es "i Anen 
—- I819uI]A[ 
L96T 996T S96T 5961 


————————————— dd oĩWW.. ³Ü EE EE 
pənunuoO—sə]8)S Aq “sə]e]S Pann m UF 1 uononDOd uu. -g ALL 


111 


STATISTICAL SUMMARY 


G&S 958 


588 91 


XX 
XX 


1498.9 Ur 
05029 
12 
STT, 
826 'T2 
A 

LL 

181 18 


*ə[q%3 jo pue 38 8930300] 99S 


086 T XX 806 1 XX ZyL'I ege EE EE 1830, 
a xx XX XX J pa an 
Son[eA pue gteauuon iq O :pesop»sip eq 3ouuso 391) SUIL JO ən]s A 
989 OLE, de? 081 09 081 ! ¶ꝶ„ꝙpff eaten es S: 2 1 9003S 
EP T OT9 T Try I g$9 “T 082'T 288 1 ~"su0} 21048 Hus n- ol) Aua pue puss 
T VN T VN I YN SE Duos WID 
TI$ IT IIS TT IT$ TT uo poys pus8noqg^77777-7777777777777770000700070700000707 Au 
ANVMVIAd 
958 12 XX 588 Lë XX 098 12 |o MEME EE . 1060 
269 J XX 5981 XX 069 „e ee M loquiAs Aq pegvopUH senpeA pus (99-5961) 
jeed ‘worm deg '1edsp[o, :pəsoDstp eq 3ouuso By} Soit JO ən[S A 
287, OT 819.9 yvy OT 1.8.9 NO: v98'g S O EE euojS 
$96 8 1996 901˙6 056 6 18 6 88001 ö ⁵²⁵ PP A bag? pue puss 
M M A A 689 68 --8U0} Log pue8n0Q)^^^ ^^ 77 7777777777 77 C 7 7 TITT 9UIUT 
8 VN 8 VN 8 MN rese M E I eee S9U038 ul 
962$ 261 SSES LEZ 92$ ZIZ --su0} poys Dueno" 84 I 
LſioILOANNOO 
156 298 XX 091 0s XX o 1870, 
669 ‘FT xx 198'88: XX $61'PP 4 XX -M loquiæs Aq pozeorpul SenpeA pus ge *(/9—996T) 89781} M9dUD [E39ul 
qQ31ea-e1Ie1 'ejt|jed (g961) umuepq4jout *(j96T) eoru deg '1edsiong 
*4uouloo *ə1g11uəouoo umi[[ÁA1ogq :posopstrp oq 30uuso JBI Suro3t Jo INTELA 
86891 SCH 59 08 ST 018 89 309 ‘FT 289 89 --su0} 340(8 "777777777777 ( *8310 JO 3uo3Uu09 o[q&19A0091) JUIZ 
dod IM rri MM M DM CE I (s) suo Joys puBsnoyy = ^^^ ^^ —777777777777777777799g[Dn9TUHS A 
888' ST 2698 99051 270 9166 318˙8 --8u0j oys- ~~ ~~~" ~~~ (838132009 pus 910 ut o|q&1940091) WNIPBUBA 
905 T2 199 2 A AA AA A -"Spunod pussnoq?; ^^^ ^^^ 7777 (CON 7037009 e[qu18A0991) WNIUVIN 
929“ 8 56 'T 986 I 9LT'T M A --stsuq OM 1üƏo1əd 09 ‘suog %, 7^7 ^7 91913ueoouo9 uoj383un L 
66 144 9L 88 801 6c --guoq 3u0[ ~~ 77777 7777777777777 77 (93813u90uoo Jo 3uo3uoo») ULL 
188 II 180.2 889.8 68L 5 S08 '9 LIZ'S --guo} 31048 pueSnoq37777-77-7-7-7-7--777777770700000000000000707 əuo1s 
L69'2 980.2 299.8 190.2 968 8 929 3 --gəouno Kon puesnoy}- ~ ~~~ ~~ (% *8910 JO 3uo3u02 ə[q819A00991) JOATIS 
S87 ‘Ss 95 2 IPO ¿S 018 0? Loo 82 9; O suo 31048 pus noůů )) lo Au pue puss 
A A 06 0€ A M suo 3uo[ pussnoj)h)/˖(chhhh 0777 777 884144 J 
vor. 97% PSI, 99 PII T9 --guoq 21048 pus n jͤ)h)hnhnhnhnhn oo Hund 
297 16 865 88 219 96 119.88 560 00 297% P66 -'S[peurq uolfss-ah purs not? (epn1o) uno[orjed 
846. III. 28 986, 6LT' IS 881. Le LS ae y y TTT 3288 
969 8 06$ EL 086 8 668 T6 768 8 OIG BB. oD oec rne UP ee səse3 d'I 
999 8 Oe 69 580 8 081 ‘FS 958 2 005 29 --guo[[g8 pussnoq3^ hh əujose3 [une N 
:Spinbi[ $83 [e1n3e N 
LOL‘ LT L99 981 £08 91 188931 685 ‘ST 169 81II 900 oſqno uofſſuul k sed ju nqa N 
198 88 688 Lo 609 ‘SL 2 q1L'09 2 208 69 828 97 -"Spunod puesnoq3^^^^^^7 77-7777 (913*13u89u09 Jo queuoo) umnuepqATo W 
Wd cC ILL d . 7 2 ee, E qa 88013 ‘suog 310q8- ~~ (UW 1ü9913d Qg oi 9) 210 Sno1ojrugSus W 
LZE‘ 2 931 GAN 811 861 3 881 --gu0} 31008 pus8n0q377^7--7--^--777777777777777777 peus ese eur] 
846 9 380 88 810 “L 965 ‘ZZ 888 9 899 OS suo hd? g? h ("030 ‘S310 JO JU9}UOD BIQBIBAOIAI) p 
ser T 591 281 PIT Tec 98 "73q31e4 88013 "eo 3uo[ pueSnoq? ^^ — 7-7 (oi gen) eo uod 
696. GL. 6L8 : 001. 868 001 --guo? 71048 pugsnoy} ) J) V unsd 4 
LIT I 916 18 808 1 822' L8 PLT'T 321 SP -“gəouno XO) EE (70939 *$910 JO 1uo1u09 9[qB19A0901) ploD 


MINERALS YEARBOOK, 1967 


112 


986 '9T xx 893 TZ XX 988'02 XX J!! ͥũſ⁵m CC LL C Qd C M 60, 


SL XX 86 XX 61 XX 09 o Geer AN Toquids Aq poj&orpul 
, SoN|[VA PUB sljg)əuruou Iəu3O :peso[osrp eq 30uugo zey} suu⁰eỹ,j/ Jo on[SA 
LOZ L O01 P 285.6 6L0'S 898.6 221˙9 991. 8 283 9 CC RM dV ee ee ME əuo1S 
19v T 695 169 T TIS 2838 2 192 616 LOP SO ROD et dM M ME Re ee Aula pue puss 
699 063 9TL PLE 529 088 809 998 EE EE EE EE əorumq 
992 8 028 oT 908 6 128 6 TERNO ery r erp ne ma Bem sue E E ert 
A. A ` A. A ` M A A. e suo) 310Q8 pus noa)! sABID 
098 2$ 968 I 950 6$ 6FL TI 262 83 599 J 218 884 LIL‘T su punod-9;g Dügeenou EE jueulo^) 
UM M—————————————————————————————————————————————————— 
IIVAVH 
ny => r F 
895 891 XX 269 gët XX 022 ‘SST XX e . e 1520 
296 61 XX 669 61 XX 889 ‘LT XX ‚ 3862 pt > O MC NOE CQ ME EM E M ToquiAS Aq pa3seorpur 


sənjea pus (29-9961) e3e1j3ue2uoo UMIUODIIZ “(¿9—-G961) o3943u90 
uo UImnrusg1H (29-9961) 8931e13ua9uoo [BJU q3189-a1u1 “Quad *o31ueAx 
*Iedsp[oj] “uəurəo ‘ayIxneg :peso[ostp eq 30uusgo j9u3 Sat JO ANBA 


263, OST‘ op 996. 000 IF SIE, 008 Ep 981 .. d de eae BL 
£96 ep SIE 8 861.85 069 ' vc 992 gp Tcv es 835 95 228.2 E OD d TTT əuo1S 
902 5 28.8 981 ˙5 916˙8 889 ˙8 919 ge 5698 889 8 --SU0} JOYS pue8noq3^ UU DAS pus puss 
C» ER cc E (s) 861L 3 oe “ d d ee ee Sea gar 
162 SST ‘LI 088 809 ‘9T M 99081 M M 8, 310Q8 7^7 777777777 077077007700777007007000707000000077 x 
095 T 292 002 2 Lët 802'2 08 29. J PGE "73uZ21eA 88012 ‘su0} 2uo[ Dugenoun ~~ ~~~ ~~~ 7-7 7-7 7- (əlqssn) 90 uO] 
E EE 91 + (7770p^777777777777007070700000070077077777-77----7(Snourtumj!9) [BOD 
PIS‘ LL$ 896 5 989 EeL$ 8ZI ‘S SST Goé 209 5 668 89 998 ˙ OD CO ⁵-) NC ̃ ͤ̃ↄ» C Os ss s SK AI 
M M M M A A 220 zé 601 "` Soo) 310g8 pugsnoy}` ~~~ 0700070000707070000000700000- o1ueg 

a EE w ⅛ð K 8 

VID AOA 

i . :!:!!! ³ðè ³ð A ] ;2 RENE REDE 
26 608 XX LY’ 962 XX 028 672 XX / .... re eae 1520 
EZF 092 XX 898 Les XX VOL 67 xx Zag gg - RX M loquiæs Aq pə3sorpu: san[ea pus ‘3781 


-uəouoo umtiuoo41Z *o3u1juoouo) umtus11 (LIGI euoj3seur uorsueuip) 
Əuoqs on,? 'sojuer1jueouoo [BOUL q31vo-e1e1 *Spmbi[ ‘sed Jwinjeu 
“spunoduuoo UINISsIUZEUI quəuəo :peso[ostp eq 30uuso JBI Sait Jo an[eA 


SSL‘ 88 IL6 88 L91 88 950,8 LAN, O&L 98 298 88 LST’ 88 J E A 9u03$ 
6LY 9 616 9 LTY 9 SOP L LLE 9 866 L LS a Och L j 88 [94912 pug Deg 
M A ` A A. 898 TFT 899 TS 299 ert 191 61 uo 1048 pugsnoy} ^ "777777777777 yoo e3eudsouq 
A 899 T A 665 T A port M 029 -"sSpureq uoTle3-gp puesnoqq uiii (əpn:9) ume t 
SEL 081 22 16 009 TT 601 gS2'61 ZOT EIS 6 EE Wad 
8T Sol 0€ 81 VI. LOT q OF ` 399] 9Iqno uo[utu ^ 77 7777777777 893 ging 
Soy 6 991 996 ' I 981 899 I 101 FT8 I LIT EE LEE 9UIr'T 
yLS IIS 9SL 807 118 89 29 68 199 907 88 2.9 SUO} JOYS pugSnOoQ] jj sABID 
— eee 
VdIdO IA 
— eee 
(spussnoy}) (spuesnoq3) (spuesnoq3) (spugsnoy}) 
nin A Aune ans A hund ƏəƏn[g À A3nueno ən[g A 43nusenoó ui,, aN 
2961 9961 9961 7961 


eee 
pənunuoo—sə)8)S Aq ‘891839 pəlrun eq ur ; uononpoid je1eurpy—- ç ə[qu I 


113 


*Ə[q%1 JO pue 4B sə1ou1ooj 998 
927.2 EES T 96I'2 Tes 't 091 “Z 695. 1 598.8 95901 ` Soot 310Qs$ Demno" aA AI 
821 89 586 ST 928 67 908 91 26L 857 926 VI 969 87 88091 med punod -g puwsnoq3--777777-77--7-7 7777-77-77 J 
91$ 9 9185 9 915 9 91$ q ... s cone ser repent S9U038 9AISSIQVY 


— —— — —— —à—̃ ———Ä— ———— 


VNVIGNI 


TT a EE 


T08 ‘989 


666 ‘LS 


XX 


818˙819 


XX 


930 869 


— — — —— — . ——— een ED EE EE ED 


XX 


981 169 


XX 


XX 898 58 XX 020 88 XX 029 91 de EMEN Cun ANM OR URS A TloquiAS Aq pe3Sorpur senpeA pus "od "eut 
‘80U0}8 WIZ *(q31uo S,1ə[|[n]) Au :pesopostp oq 30uuso 391) get Jo en[£A 
739.9 91703 9057 261.21 358.9 FIS SI 598 O08'8TI uon 20 — Dm Cam ‘Salo Jo zuszuos əlqu:əAooəz) opt 
AE 99 897 8v 196.09 291.97 763.19 990,25 899 99 BSG Gy OP EEN əuo1s 
SLT 55 108 88 103.85 LES 88 08v op 822 98 996 ' 68 088/98 suoi uoug puuanoa ::: „paz pus pues 
189 T87» SIN 09s LYE 98T» 286,19» F99'98T — 80L'$9  269'90Z 89T'OL — --sje1mq r 
L69 STL ep 299 HLë rg 89 52298 A. A Wd EEN w N 
A A A A A A 89; er SLL 218 op VVV Sege? q'T 
A A A A A A 080'T 601 FI sollts puesnoq3^-^7-7---7--7 8jonpo1d ə[9Áo pus əutloss3 enye N 
: sspInbi] su [germe N 
609 AR 098 082.2 998 968.2 906 v28'L -73e9] DJQNd uogpuu- 77777777777 Í" $93 ju mas N 
899 | wt ó 169 S82 8 886 900, 8 149 0812 &)&d—N eee... 8 (0%! *8910 Jo 3ue3uoo e[qu1oA0001) PUI 
638 6 102012 2008 921.921 — T98'L OPI'6ST 279 PIP LET — 779003310Q87777777-7 - . Teds1onLg 
226. ZSS 881,29 L88 ie Lë 89 226,818 Cer 99 85 808 830,99 0p h F (snourum3q) 1809 
66L 8 T88 T 966 8 768 1 109 F 691'2 898 7 200 2 Dr // lÍ rarer ene e SABIO 
198 I 169, 898 T 719 L06 T 919 880'2 969 eq punod-0gz punisnο?tſ A1U088 W 
98T 08$ — 690'6 219888 8036 889 08$ 898 6 161888 064. 6 ~“sjelieq punod- 9g pussnogj^77-77777777777777777-77777 3 


SIONITII 


————————————M— Ott (“RN 


807 60 XX 988 PII. XX 280 90 XX 298 98 EE ß EE 1830 L 


— — — — — ———————— — ͤ ꝓöT— 


TS9 ez XX 166 28 XX 890 235 XX I88 91 XX 


STATISTICAL SUMMARY 


689 ‘LT 


AA joquiAs Aq poj3eorput sənjea pus *umnipsueA 
“(99—F961) 9381,Us0N0D (pen Stooz aqeydsoyd ‘oriad ‘(p96T) soru 
deios 'eurg *jeure3 AEN q (uon 99-5961 ej1uojueq ‘ARID am 
SAB ‘Juoma “(p96T) og :pesopsrp eq 3ouugo IBY} SUIF Jo oni 


956 91 580 89 681 91 868 69 `" guoq Logg ("939 “gə1o Jo 3U9}U09 ə[qg1əA009:1) JUIZ 

SLT. 89 1 MP ee as ees 8 TT ~“sIseq t O A 3us21ed-09 ‘suog 31090877 ^77777-7--7-- ə1gruəouoo uo382un T, 
£68 F 986 T 917.9 569 8 OPP e Te8'T SLL‘Z [42 I ~~ So) 310Q8 Dueno" "77 777 "Í. uo 
20792 SEO Lt 179.98 2471.61 998.85 297.81 8 Is, 12 885 9T — ` səouno Zon Duegnonm ~~~ ~~ Che *8910 Jo quszuoo ƏJqBIIA09931) AS 
06F IT 95 TI 219 ˙9 59 L 861 ‘ST IST St T69'8 289 6 1117. CSS S S ͤ ee E MM D MY Aua pus pugs 
M A. LOT 99 62 97 00T 69 uod ou pusgnoq?---- 7-7 eopunq 
9T 070 2 A A. A A 8 006 --8U0} E A ed 3884 
685 868 109 yer I 689 | GIL I 96 ES ONMSWU dee Leet Anda 
88T LT 288 19 298 TZ 5788 SL ISL o 909 99 ¥89 ‘ST Ste TL suo Lo0g 7--7-7------- ("938 ‘S310 jo 3ue3uoo ə[qguiəAooə9m) Dat 
M A. 26 TT LC 6 ee Y re 89013 ‘suog Zuo] puss no: (eIqesn) aio uo 
69T 888 T LLT 9390'S SLT 8L0'g 66T LL9 9 --so9uno Ko. ("939 ‘S310 JO 3uo31uoo e[qu19A0201) pio 
081. VN. 081. VN 091 VN M JJ!!! ͤ ...... S R O I AES $39U03$8 WIN) 
8128. OTZ _ 68S'g T96'v 689 eg 4935: Stro g 999. WA 22s (% Jo qusguoo ə[qgzəAooəz) JoddoD 
--- 9 I RRR Rr - ee 5 22 spunod pus noa) CCC 7 S 31800D 

91$ 61 cos £6 883 LY 983 62 "` SO) 21048 pugS0Q3^77777-7-77-77777777777777000770-- IAE e SABIO 
AA £38 A 5788 A 818 A S89 ~"guezu0d ÁAuournus ‘suog 310487 - 0391jue2uoo pus oJo Auowyuy 


MINERALS YEARBOOK, 1967 


114 


908 LT 199,81 881, gt 220.71 889 OS OLS or 216.81 881.51 / T euo3g 
099 8 990 3T VL8.8 LZ9 TI 81.5.8 779.21 801.6 896 21 . 
989 TI 690 T 888 $I 696 928,21 890. J 66L TT 086, ..8u0) 310Q8 pusgnoqq- ~~~ e NUS 
009 462 002 66 420 908 881 80T 0281908 ge or 932, 0 s os ont  --speireq uo[pe3-zp pπ].*D 0 77777777 pn) umrnəlonəq 
826 18 290,999 oe o 591.799 228, 22 917 89 131.81 LOL BIG "Top 99863 d'I 
80 01 SLL rer 668 6 890 T 1862 985 891 — 814'8 9e. 891 "Soot? pu,];-o )) Soe? Tengen 
:Spmbi] sed emen 
W8'9IT — TLE 128 zt gen — 6IS'G0T — GLB‘86L enge — 8LO'V9L  --39opotqno .. sud eme 
686, T80 T S88. 6011 819 59 I 018 281.1 --Bu0} Log (‘938 ‘8910 JO 9U9}U0D e[qu10A009J) Dëst 
798.9 000 933, S988 I 0099, P06 891. 61 299.1 )))) ãð s dd ß ee ee Vp 
79928 004 6IL 3 T96 08 002, 529 8 819.62 920.1992 156 5 214.01 2 399] ono Dügegoon 777777777777 7777700000000 əpn:O :umIH 
563.9 981 ˙1 929.9 eol T 2709 OTg'T 6PL'g 895 l )!! 8 (gnourumiIq) 1809 
688 T 986 900 T L¥8 £96 68L 986. 981. ..80u03 71048 Degnonm Pw 22 aul 
000 T 09g. IST T 968, 8LT'T FOE. ELT I 588 ` “Sfeireq punod-9gg pu¹niãnο PP moss 
959988 888 8 95 Lë 626 8 826 92$ 108 8 696 988 887 8 ~~ Sigg punod-9/8 Dugenog j posed 
Se w 
— eee 
SVSNVM : 
4 4 4 Zong Wer ͤ ũ œ r ——.ſr8:.:t.:“.·ů kk 
coo SIT XX $18 ert xx 88L ‘ZIT XX 089 90 XX 1830. 
nnd c Ma c ß X u LG S 
8 XX 9869 1 Xx SE XX 61 1 „ dd ¼ dd es (5961) umeſo med 
pus “vod "ot 'seuo38 an :peso[ostp eq 30uuso 38 Sait Jo ən[8A 
316 Lë SEIL a 180 07 62. L 895 Sg 168.92 8088 9986, 8s "opt Kee 9u03§ 
599.91 VSL‘ LT 813.81 559.61 SOL LT 202 gt 959.81 068,81 % FT [94913 pus puss 
981.9 612 ˙1 229.9 S86 T 799.9 598, I 128. 282 L !! DT umsd £5) 
222.8 888 88L 8 GAN: v69'8 80. I 278 846. 17171... ß ̃ (snourun31q) Teo) 
859.1 802 J SEET OSI'I LYS I S80'T POS L 800 I ..80u03 41048 pus 777777777 Í rrr nen nner ccs SABID 
£98 I 219 068. J 889 298,1 809 CM 989 -'S[peireq punod-0gg pussnoq1---------- VC K1UO88 W 
y68' 978 21T 81 981. 973 890 SI ELS 953 89 81 868 978 209 er -"S[peireq punod-9/g pu¹m‚ j — pd uds 
VAOI 
D 4 4 It? x emmmer mm rn c 
Ie6 e XX 010 OS XX SLL SIS: XX $882] IIS XX HAV T8301 
968 81 XX SEL II XX 66 ‘OT XX 9506 6 ee (29-9961) om pus 
‘umsdA3 '(Aiuosgu) 4uəuləo :peso[ostp eq 30uuso JEY} SuləlI JO Ən[gA 
922.95 LL6 as Hp zt 828.72 Vel 25 Hä rg 816 ‘68 81866 %%; !!. ee M Sos 
889 92 298.92 359 86 Zeg 72 022 22 228 re 118, 12 917. FS o 24048 pννqõf.l-j—:—: : [0^913 pus pueg 
T¥O ‘08 180 OT 098 T8 LT9'0T 909 28: — ISV II. 491 285 $86 II eq uo][e2-2p punsno a):: (epnao) umso 
DA? 296 25 997 TIT'88 119 8L8 e 879 899 99 Se O EE 3 
9 . 861 IS | 912, 9% 682. L ` 66T, am en 88 $93 emu N 
61 8l⁸ SLL 81 298 Log 9288 ˙＋1 256 698 299 91 972 ¿S$ 20 91 ~ 7 8U0} 0 pi (snourum31q) [BOD 
——M——————————————————— — ———— äͤ—— 
penunuoO—VyV NYIGNI 
———————————————————————M á€€—— M M————— ÀÁ—M a. 
(Sspuesnoq3) (spuvsnoq3) (spuvsnoq3) (spussnoq) 
an[eA Amund ens Apune Ən[g A Kee Ce ən[s A A3nueno 
— — [839Ut Ww 
L961 9961 2961 7961 


eee 
pənunuo0—s9ə]91S Aq "goes Gomm oq) uy ; uogonpo:1d [—ezsəouljA— S ou 


STATISTICAL SUMMARY 


equi JO pue 48 6930300; 998 


288 VT XX 58. 91 XX ILL xx PL‘ LI ` Geer 1830, 
9? 9 xx 286'S xx Lve'9 xx 178˙9 XX 1 n n — * AA Toqui£s Aq pajsorpug 
: ç song pus “rədsp|əj *4ueure? :pəso[osrp eq 3ouuwo JG} SUIS}! JO ANBA 
666 2 681.1 229,8 Zen J 605, 8 UN: 9095 FIP'I !!!.! ee ee S ae — 
898 9 22911 ZSO Z 98091 GN) 568 U 897 ˙9 399 er "soi Joys Dugenou [94213 pus puss 
A A 09 009 “T 99 Lët LI 098'9 ` “S09 a0 )J. NM A SN Wed 
38 VN 98 VN 98 VN 98 E 5 S9U018 u 
yas ob 89$ gy 89$ 6} 89$ gy "So 310q8 puesnogg- -7777777777777777 weil 3 
io . . e c E N E 
ANIVN 
m m . p ß —— ß er 
09,'196'8 XX OvTI'OgP'8 XX I92'886'2 XX Vß'/ EE 0L 
18's XxX 919 8 xXx os“ 22 XX IB EE ee (snoəuulləosrur: pəqgn:o) 
euo38 pus 'umsdÁS queue :pəsoDsIp oq 3ouuso BY} SWIJE JO enjpyA 
68681 883.7 22 POTI 810,5 226.18 LLS'8 966.79 884.2 suo Zuol puasnoaj iii (ggəoo1d qose) min 
PLT II 669 ¿ $92 TI 160.8 906,01 LA 826 L 695.9 ! Cg acu » 8009S 
25. Le alg 08 709. 23 912.81 905,91 868,51 898.91 569 gI "Ton" pu pus Des 
esr 85 8896 681 TP 981,8 318 Tv 981.8 920,98 107.9 -.8u03 3J0Q8 Punmno]- D ↄP ꝛ7 J eS 
828 GIF Z Leo VLL. 6ZL L60 3 dle 29  VIL'IVS'I geogreg ZZ9'60L‘T 869.67), gend uo[[e23-gy puesNogy --------------------- pn) melo 
592,26 689 778 1 910.24 917,697, 1 101 97 880,008, 1 286.97 Fe EEN bases d'I 
IZ OST 809 pS¿ T 208 IT 920299 1 T8L'ZOT 988 187 1 18616 086 298 T ` sguo[[e8 puesnoqg" 777777777 syonpoid IPA pus e 
619 90 1 288 org 206.626 opp 1809 930,218 98, 99 828.86 182 2917 -73097 DIqno uo "gei am 
168.6 894 522 6 288 086 6 278 2178 8 SZL J) 8 — 
095 T$ 966 9868 900 T 9865 606 L6L$ 082 ` Soo) 3108 hανν“õ⅛Zq e SABIO 
EE EE 
VNVISINOT 
E 
SOL 989 XX 598 865 XX I88'99p XX 6 U XX Lu dC QI DG CMM MM tn Pe EE ea 
16 $c XX 668 ' 02 XX 89. 0 XX IS er >O )))! 8 (¥96T uon 


-pugs uotsuətuIp) əuoqs pus 'spmbi se3 [enjeu ‘Agp [eq ‘gusa 
(29-9961) 3[gqdsg eAneN : pose eq j3ouuso 380 Suloj: Jo ən[sA 


GPL LIS '9 O16 I 989.9 TS9'T 529.9 199. 990. Z suo fs OTe (7939 '8910 JO 3U9zZUOD ə[qs1IəA0091) DUTT 
185 98 31852 6LT ‘TS 199' 22 889 “F€ 620 98 569 683 5 — 898'I2» "Soot oys Duegnogt hh 9u03§ 
I I I I 2 2 2 e --S99uno Aoi} Dueno ^^^^^- (e *8910 JO 4uo3uoo e[qu91eoAO001) All 
698 L 186.2 589, L 590.8 288.9 254,9 L66 9 999.9 ` Soo Mogg puwsnoyy” )) EAA pus puss 
220.95 989.91 885. T9 990,81 889199 988,61 952.99 SLL 61 ~"S[elieq uol[g3-Zp puss no) (pn.) urnəloznəd 
OOP I2 891 68 68181 989 91 889 81 926 833 293˙81 06 ‘OL 900 DIQND uohl TV!! 893 [UTh38N 
186, 958 951. PEP 982 99L, 923 898. )))) Cam ‘B310 jo 3uəl1uoo ə[q81əAooə:I) p 
989'T 296 78 T98 T 98. 82 985 1 366, 18 £69'T PLS 88 e e ivdsionLy 
888 968 567, 001 Ory 898 991.86 869 88 99; 98 968 608 LPL'28 aac. LEESCH (snourunjtq) [80D 
990 “Z$ S6T'I LLS ° e$ 291 089 zë 690 T 108 T 026 COD . ̃ eI UTE e SABIO 
CCC c 9 778u03 31018 pugsSnoqg-77777-7-777-77777777777777-7777-7777-777--"w-)u?g 
EENEG 
AMONLINGAW | 
——— —— A——e—ÓÀ A OG P — e RUNE a a 
890‘PLS xx 868 899 XX 165 899 XX 012 CDe, o Eet 1530. 
891 ˙8 xx 68 8 xx 259 2 XX LLZ‘ 8 „ Ox uA (əuuq) 3188 pus *eopumnd 


'unsdA3 'jueureo fu mai N  :pesopsp eq 3ouuso JB} got Jo əƏn[SA 


MINERALS YEARBOOK, 1967 


116 


689. 88 
955 60€ 


281 JL 
081 ‘FT 
cov J 
89589 
995 2 
966 J 
979 62 


929 
129.65 
1179.88 
816.07 
971.2 
988.7 
660 1 


869 8 
901'82 


910.02 
278.291 
685.9 
881.89 
029.2 
123.9 
sI Lë 


ger 
gZI'99 
995.7 
818.51 
278.992 
614.64 
GON 


OZI' rg 
28 258 


I0; I 
228 FT 
ood T 
65. 81 
095.2 
280. 6 
TILT ‘82 


669 
9L¹ LY 
280 98 
160 TF 
FSI 2 
918˙8 
209 


Flag 
SPI ‘92 


LS0‘ 81 
SSP ‘SPT 
L20'9 
86L'0S 
089 'Z 
818.9 
966 983 


gor 
891 89 
121.7 
8ZL'VI 
096 '082 
668.92 
v90'6 


899'vg 
688 618 


960 J 
289.81 
888.1 
65. II 
207. 8 
801.2 
999 16 


68. 
186.19 
978.5 
109.91 
520692 
A 

A 


888 18 
565 908 


0gF'I 
148'8T 
Ier I 
050 69 
988.2 
998'I 
95. 92 


NVOIHOIN 


-"seouno Aon Dueno ("930 “gə1o Jo 3083009 e[quioA0201) 1ƏA[IS 
Mu depu cR MEC TCR dgio AU pue pues 
` S00} FAOYS pue8n0q3^^^^^^ ^ ^77 rrr rrr "Í. NLS 
~"Sfelleq uoll[g3-gp puesnoq3g^^^77777777-7777-7-7-7-7--- (apnid) ulnə[o:l)əq 
BUOJ PIOUS ee 180g 
S OD cte NIA UYA SS. EE Sage? 'I 
"` Suottge? puwesnoyy EE auttoge? pTen38 N 
:Spmbi] $82 [ern3e N 
` 399] DIQND uob(U hb 883 u ma N 


-`"3uə[gAmboə QZW ‘suog 41048 
([g3ətu 10} 3dooxe) əutiq pus 1978m vas uro1j spunodtuoo urmrisəu3s]Ç 


77SUO3 Log Du88n0Qq3 "E att 
en 88012 ‘suog 3uo[ puesnoqa^^^^^------------- (əlqsgsn) a10 uod 
u] oys pus no) e uunsd As) 
` guoq oss ("939 ‘S310 Jo 3ue3uo9 ə[qgIəA009:1) Jəddoo 
"^8900] JOYS puu sn - SAS 
""S[pa1req punod-9gz puesnoq3-^^---7-7---7--------------- ÁJUOS9 JA 
"^"s[exue£q punod-9/g pussnoq3^^^-^-^---7--7-7--7-7----7------- pu 
:jueuio?) 


t é “ “ + L QU mmer mmm — —ẽẽ f nc 

219057 XX 8LY ge XX 861 98 XX 298 98 XX 1830 L 

888 XX 62 xx Lë XX 18 Ji ñ« «ꝭdfdd M Toquiás Aq 
Pe19orput oN[VA pus s|eq3əuruo N :peso[ostp eq 3ouuso 381) Soit jo əƏn[8 À 

VoL Lt £06 9 729, LT 5259 086 '9T 89I'9 899 91 619.9 BEER EENEG əuo1s 

vos 6T I88' LT DES LT 128 LT 221.91 N 764.91 ))!!! ie a eT bag pus puss 

PO 8 S6I 212.2 281 6LL'Z OLT 90.8 LI Bed eeler LEE Gel 

25 VN 2 VN Z VN Z Lë eet 89U08 Wat 

A A 092$ SOS 88c$ 181 GU 881 78H03 340q» A ° C T er on R ry rece ree a au 


— — ——— —⏑ä6 — 


S LLASIIHOVSSVM 


— ĩ—ä̃ʒ —ꝛ— *. ů 3 ———— 


618 81 XX TOT PL Xx 966 LL XX VE o Geer 1890, 
cr8'0€ XX 889 0 XX TTS‘ 82 XX 62 88 )%%%ͤͤ DTCC A Ioqui4s Aq pequopuf 
San[eA pus ↄuogsduos pus ofen 'syjes umnisge3od ‘Bəd *[reur puesuoo13 
*(99-¥96T) ep [8q ‘JUUN :pəsolosIp eq 30uueo 1601 suioj! Jo onA 
T89 86 62.71 666 L6 898'8T 285 86 899 FT 912.92 858 81 JJ TT əuo1s 
VoL LI 898 31 $88 O 801 ST 881 CG 006 9T 140 81 Dro or uon 31048 pussnoqy 7 7 7777777777 Ax TZ pus puss 
691 139 181 969 801 805 998 818 T ` 399] ang UO" ses emys N 
A A 988 63 18 28 A A _ $00} 21048 puasmOονðl, ũ www PD 9uIrT 
$ VN, € ` VN € VN. e WIN. ie S EE EE S9U038 WID 
872.7 S08 T 198. T GM 688 E OIZ'T 119 $. 9811 ! a 5 ET (snourum31q) 1809 
397 T$ 866 580 I$: — 998: 880 Dr 16s 86/$ : 989 t uo 310Q8 puegnoq?-- n SAA 
— k —vͤ—ͤ — j  .  _ _ C .. MÀ a 
CNVIASIVIA 
— ͤ jD—— —  — — LLL 
(Spusesnou3) (spugsnoy}) (spuesnoq1) (Sspussnoq3) 
en[8A 41nusgno ən[gA ausn MPBA ÁA41nuenó ənje x Ayune 
eJour 
L96T 996T 9961 5961 


ponupuo))—sojejS Aq “sə]e)S PIMUN ət ut 1 uoronpoud PIAU [qu 


117 


STATISTICAL SUMMARY 


q JO puo 48 89301300] oo 


896 89 989 98 868 89 0e 98 GN LES 98 586 LY 1287 18 --guoq yos pus noũꝶù 77.77 rr euojg 

MEME LI E E ree me 289 008 "ee 777-7777 --gsəoumo KO puBssnoy}- ~~ (e 0 JO 3ua3uo9 ə[q819A0291) IBATIS 

999 St 912˙6 OFS ‘ST SOL, ‘OT 98; 81 89021 ose 81 9887 11 --suo} 310Q8 pugsnoyg 777777777 77-7777 7777777777077 BAS pug puss 

A SL A L6 A SL 891 99 --gslə:req uo[[e3-z7p puvrsnoda jj (opnio) unalone 

OS , Lët. J Lë 58 92 201 77399] ona UOT ~~~ P $93 jem} sN 

128.91 ver I O16 LT Fett SSL at rÁ a J 828 FI 612'T --su09} oys puBsnoyy "E our] 

GPL GY 679 291 T86 68 998 881 699 If 1291881 6LY 18 85I OST suo sss (‘930 ‘S910 JO 3ue1uoo ə[qg81ə9A029:) pu 

$49 96 LS T oSv 92 Lëg T L09 v6 +p8L I L06‘FT 9II'T use $8013 ‘suog Zuol — "TTT (əlqgsn) o10 uoi 

895 6 918.8 T88 3 816.8 099 I I88'2 858 J 690 2 suo dub (°939 ‘S310 Jo 3uo1u09 a[qBuIdAOIe1) 1addog 

£49 ST 969 8 ves VI 3289.8 6LL PI 599.8 988 81 593.8 C§57]n½ßů E (Snourumjtq) 1809 

026 9 S08 Z 686 9 628 ? 685.9 926 6 58. 5 9961 -78u0j310qg8 pugsnoyg 7777 A0 

SLT I GA? 9,0 T 288 ELI T LLE 970, J ves. - “*slə1teq punod-9gg pugz8nouy^^7777 77777777 77777777777 AlUOSB M 

611 29 PPO ST 866 op 858 81 580 97 vse 81 Sta gp 818 21 sn punod- 9g pus noj))hꝛ˖/ 7 8 

Yvy'7$ Gd ENZ? 288 61858 628 (LN: L92 --gu0} Joys puas noah ejuvgq 

A M A M A A g1$ 889 L 778003 Mouer Sangen qisudgyv 

IHNOSSIW 

OO ZIS XX Oe IS XX 880 018 XX CGE cla: . C UC ee SSS 1890], 

209 6 XX 289 81 XX 280 ‘ZT XX 889 01 Cl.:! ß ĩ ee MC NC NACK (99-9961 
əuoljspusgs uoguəurp) 930038 puse 'spunoduioo umisouSgui "on 
(29-9961) 910 gout mee) :pəsol[osIp eq jouuso JEI} SUJE Jo enpjeA 

990,2 628.1 Tv9'T» 28,15 898.2 128.2 4929. J GEM ! ²²yʒ E E əuo1s 

98v SI 680 PI €99 81 919 ZI 212.8 Lv 8 699.8 928 Ä suo 31048 Diegnonm iii Dag? pus puss 

93L SST LYT Lë ESE 9FT 222.29 LEY SEI 881.92 969 191 LLL 93 -"spuureq uo[[e3-gp pussnoqq-- 7777777777 (apnio) umne[o13eq 

S80 T 762.21 L86, 129.81 926, 091.38 081, Ss? W ˖ 9099567677 VHF 89893 d'I 

LOTT 686 LI 885 J 991. 8. 909 “T 289 98 5e J 985 2 "7suo[[e2 pugsnoyy” ~~ ~~~ ~~ ~~~ 8jonpoad əloÁo pus əutloss3 [erm3e N 

:spmbir] 883 juin N 

981 52 265 681 ¿SZ 12 299991 198 85 928.991 3818 98) 081 "eat ong gon = T sus [enjeNn 

298 Lë 599 J 687 Lë 2 T 266 938 209 Tt 081 9$ Tee I suo) Log pussnoj hh sABID 

IddISSISSIN 

988 82S XX 222 089 XX 091. LOG XX r . . E 160 L, 

0gs'6 XX 969'6 XX 090'6 XX 82 e XX — E M loqurKÁs Aq pə1solput senjyeA pus "ou ‘souogs a? "Ann 
9Jg qudulioo *890038 ƏA1881QV :peso[osrp eq 30uugo Jey} surojr JO onA 

44483: 091. 7 889 TT 106,7 089' TI Lët 263.21 889 8 J) a U EE uns 

3881 88 ols. TF Se 8 188. 68 968 Lë Gro‘ LE 206 ‘SZ 218,99 "` Soo) JOYS puggnodq-- —777777777777777 Au pus pues 

LSZ 896 81 261 998 II 881 978.2 905 SST el r 3288 

A. 891. 98. A. 1899 A S0L‘083 M, 185 88  "3qBIo^ $8018 ‘suog Mon TT" (u 3ü9939d gg 03 9) a10 sno1ojruezus jq 

929 895 225 er 888 667 391 99 062 697 CL 09 687 ert oner Alen 88012 ‘suog Buoj pussno q)); -(SIqssn) o10 uo 

3583 866 988$ poc IIe L0Z 618$ 81e ~"su0} ois puasn-uqjjnjnjijj nner ener rss ces e SABIO 

VLOSUNNIN 

503 019 XX LT 209 xx 099 999 XX 288 pg W; 88 noel D [eqo L, 

680 89 XX 9yy "og XX 06t 89 XX SLS vg ß dc . ea AA ToquiAs Aq 
pPejeorpur sən[gA pus mies Winissujod “əurpoI “səuojs ai *opno[qo 
unisou2eur-umio[eo “əuruto:gq :pesopsrp eq 30uugo Juy} Ss JO ene 

016 68 28% 98 088 ‘OP 59828 887 98 817 8 200 Lg 099 58 -“guoq 104s pu n¹õẽFi e əuo1S 


MINERALS YEARBOOK, 1967 


118 


898 ‘OL XX 12981 XX 


988 68 XX 69616 — XX 44 EEN — 
I LE P o A ee . I6... XX. ` 
O£8 ZT XX OST 91 XX G29 FT XX 91951 XX ----eopumd pus eum ‘Jua PONP eq JOUUVI uq; SWI! JO en[uA 
Hm a 2: 320 3 489 9 861 5 LTy'9 61778 J)) ee ouojg 
vim DLE GLT yT 689 EI L69' 81 £66 IT SPL ‘ST IF9 ‘FT uon 34048 pusgnoqg---------- 7-77 ARA pus pusg 
SLL 98 Ss SI 829 L8 098 $T 96; ‘SF 912 ° LI 909,19 SIT ert --spureq uol[e3-gp pussnoq "7777777 (əpnı19) umnejorjoq 
878 I 88^ 06 DA I OL9 6T LY8 956 91 360 I 99952 ---70p i I A qaia 8 89893 471 
Se SES 639 961 6 919 328 U L39 289˙6 suollu puss no: : eutose3 um 
:sgpinbil ee? Terme N 
98 I 8978 7e 1 961 ot 2991 0. ot LOL‘T 560 11 --399] 9Iqno uo. —•— . 8 $93 |] eN 
9 VN 9 YN 2 VN 9 VN )))! 8 800038 ul 
ors 921 8915 SST DA? DA GOAL 851 uo 20 pugsnoy} ^^ 7777 rrr rn cee cns sens SAL 
L E OC eee E E E C TRANID 
VASVUGAIN 


5g 981 XX 898 ops XX 8918388 XX EEC 120. 
JJ !. ã ⁵:m ⁵⁰ mmm t ee nZ 
FILS SS XX 978 8 XX 889 8 XX „% TTT A loqui 
Aq pejeorpurt sSən[SA pus 'ejrnorueA “(9961 5961) oam umrusm 
*(19—9961) ue3s3unj *ope3 “oor ayeydsoyd ‘ead ‘spmbi] s93 [enjeu 
*uinsd A3 *1edsuong * (e31003u9q ‘POET Aep g) SABI “quəurəo *(99—p961T) 
e3u€q (29-9961) Auoupuy :peso[ostp eq 3ouugo 4Bq} suJ; Jo onA 
926 158. 8 975.9 OZI e 998 e 982.88 706.2 690,6 duo ese 7.777777 (7030 ‘8810 JO 3U8}U0D e[q919A0091) JUIZ 
280.9 88. 5 312.9 091. 5 Leg gI9'9 LL*'8 98 suo 3108 HU¹νε¹qẽVƷvͤe 7 apos 
$02'8 990'2 818.9 028.9 983.9 208.2 079.9 062.2 ~“saouno Aos} pussnoq3-- (239 o JO quezuos ə[q81əA0091) JeA[IS 
999 OT 688 21 869 er 918 81 289 et 870. St Ore’ LT RENE, E [94813 pus pues 
) eee ss: G oS V A uod 31048 pussno iii ` ` SD 
979,28 696.58 £46 98 089 98 529 6L 8LL'28 129 VL — Lv9 08 aue uol[g3-gy puwsnoyy” "7 7777777777 pn) urnojojaq 
GAR 998 ' 98 279 2 989 08 908 8 901.82 996 U 130 98 2e Diqnd uon $93 [ern3eN 
9T 891. 2 86 991 T M 8961 A 889.8 C (UW 3uoo1ed qg 03 9) o sno1ojrueSue N 
A A A A A 129 92 A. 592 02 7^3u31e^ 88012 ‘suog 0s (UW eo 10 3uəoŠzəd qg) o1o əsəus3us]N 
294 1 951 911.2 985 SEN 691, 988.1 961 "So 310q8 Dueno" oulry 
192 868 888 T 607 F BLT Z T86 9 681 'T 889 2 suo 34087-777777 ( ‘8810 Jo que quo əlqg:əA00291) PEG] 
18 or $6 21 TL 6 , 66 91 - -44319m 89013 ‘suog Zuo] puss noh) (sid vnn) o uo 
858 98; 6 9¹8 600 S6 L6L SLL 66 6TO'T qIT'62 "` gəouno KO MY)h)hDhDh ("939 ‘S310 Jo 3ue3uoo e[qv1oA090J) PIO‘) 
601. VN, 601 VN, LL. VN A. VN C ͤ Tt ! 89U038 Me 
890 09 885 99 689 26 190831 99; T8 685 ott 689 ' 19 908'80T  ^78uo3340q8 ~~ ~~ — ( ‘Selo JO 3quə1uoo ejqu1eAo2e1) JoddoD 
966 TLE 063 T Ji 090 T 798 S26 978 JJC. 8 (e3ru3i] pus snourumirq) [BoD 
oss 9r 93$ 89 86$ 9; 693 6» ug Logg hu õ,!ꝭ janine t AU 
VNV ANON 
699 988 XX 096' 422 XX 899 98 XX SUE C Eo JENA c c: MEM C LK CCCII CDD ELLE Tel, 
163 XX 886 XX 09€ XX a „ T.... s ee A qus Aq pejeorpur 
son[ea pus (996 I) Hod :pesoposrp eq 3ouuso ey} swuaz; Jo nf 
490'2$ 08 N 19118 896 8 GEM 38185 8075 109 J "So 310087777777 ne (*939 ‘S310 Jo 3uo1uoo e[qu1oA099J) ou 
penuruo)-—TNH0nOSSIN 
(spuesnoq3) (spuesnoqu3) (spussnoq3) (spussnoq) 
enpeA hund en [eA Anuen eng Zipuenp enmA  . 4nusnb reau; W 
2961 9961 9961 5961 


pənunuoo—sə19)S Aq 'sojw)S PAUN ay) u! uoponpojd pereurjy—-G əlqur, 


119 


STATISTICAL SUMMARY 


qu) JO pus 38 90300300; og 


LVL“ ZL XX 969 92 XX 8ST ‘08 XX ZLT "SL ^o ANN cn EENEG 18301, 

272 9 XX 0806 XX 088 It XX 9557 21 „e es M loquiæs Aq p91sorput songa pus *oje1juoouoo 
umruman jau pussueo1l2 'umnptisei sNoJajtuBsuBU *spunoduioo 
umnisouZ2weur “un ‘810 uo: :pəsojoerIp eq 30uuso 4BY} SUJI Jo en[eA 

180 ; L 150.92 GIS A 283.92 90111 265 88 986 8 926 28 suo) me «(939 0 JO us quO⁰ 9[qu19A0291) outz 

$92 82 119,21 990 83 897, cT 272 LZ 288, ZI T9786 geg ot op ^ UU 928 

926 66 929 81 858 66 38L LI 959 gz 688 LT 620 2 199' 4T duo) Log pugsnog} "^ ^" "7777777777 [94813 pus puss 

2729 SO P 687 218˙98 187 087 O0 A A 777 v juod 

Or, VN oT. VN OT VN OI %%% RA TuS S IEEE s9U0}8 Wah 

68T I$ 285 618 I$ 88 888 I$ 909 IPP Lë 009 ~-su0} JOYS puwsnoyy hh sABID 

ANSHNE MUN 

LIT 8 XX 000'L XX 999“; XX 3082 „ . . ELI 1830.L 

19 XX 657 XX Lol xx 881 „ RR a S[VJIUIMOU 104IO :pesopsrp eq 30uugo 3813 Set Jo ən[8A 

L88 3 SLY 160.2 906. 686 T 891 881.2 SU CCC ß 8 əuo1s 

Lët Q 6b 8 208 5 989 L 699 “q 589 ‘OT 966 b 89; 8 -78U0) 24048 hunn. [94913 pue puss 

(s) 09 Z Geet uo) Long" 38 

A , UT ae e. e E 777... y TT qooys VIAL 

258 ey 185 19 275 89 078 95 "So JOYS puwsnoyy hh SABIO 

GUIHSdNVH AAN 
888 06 XX 289 UI. XX 966 66 XX %% EE . E 160, 

156 91 XX 999 LTI XX SEI I XX 29111. KK . ee eee A loquiæs Aq pa3gorput sonjes pug 
(99-5961) unrusun *'uejs2un3 “gS *jeed “umuəpqá[oui ‘azIseuseuL 
„(29-996 I) sl ο,juu urnIq1r1 "om ‘redsiony *o3ruoj3stp ‘SABT *(/9-996T) 
queued (29-9961) HPI :peso[osip eq j3ouuso By} suloj! Jo an[eA 

078 980.8 069 J 228 9 221 T 898 8 891 289 h ee 5 sss (9389 ‘S310 JO quequOO o[Q919A0991) JUIZ, 

218 9602 5 STL‘? T€ 2869 8 89 228 9 D . / ene euo3sdeos pus IBL 

| CCC 9 988 9 PLZ ae) e 940 mins 

StI C 928 I 619 Z 2800 2 LES 2 853 °T 968 J 88; suo) Log pus nojj??!—h—h—]—W—hhh?h?W?WGZs euo3g 

LL8 999 ; ool T L98, 999 209 822 ZLI ~-ggouno Áo1j pussnoq---- ~~~ ('93ə "eai0 JO 3ü913üo02 Ə[Qq81IƏ9A00991) All 

559 8 99T OT FET 6 980 6 963 TT 99 6 LZY Et SEIL SI RE (EE Au pug puss 

986 901 061 99 281 89 M M -7"8003310qQ8 pug8nOoQ3^7^ hh sound 

M 622. M 208 M 602 A 99 -"S[peoreqd uo[eZ-zp puesnoqg ^^ 777 777777777 (əpnı19) umojo13oq 

v6 . GIL OT A. A ` IZI, 08; 81 281. 809.1 Su) 31008 ^^^ 777777 7777070700000 e 93]J9d 

108 2 £0L Y 285 T 998.8 206 J 888 8 220 1 3898 8 "Seen punod-9; hh AMW 

da? 009 TI $80 T I89'6 OTL 2122 "At^ 608 778u03 Ss ^^^ ^^^ 77777777 777 ( ‘S310 Jo 3uə1uoo BIQUIaAODAI) pue'T 

898 6 179 186. 7 000 T 088.9 III 850.2 TI6 ` “3q31A 88013 'guoj Zuo] puesnoq?--- "7777777777 (əlqəsn) o10 uoJ 

2151 607 880.2 569 819.8 OTL 568 Z 66L suo qious pue&8$hOQ3 "E urnsd Ar) 

Goo ST £66 ‘FEF 3258 31 806 9998 210˙8 090 62 991'8 697 06 - gəouno Á01077 7777 7777777777 (%% ‘S310 Jo 1ue1uoo 9[qS18A0291) ploD 

001 VN, 001, VN 001 VN 001 77 ee dd re S s S s 89U0}8 WIN 

918 88 TLL 09 956 99 02L gl 809 09 Spe TL 198 €f ZLZ‘ L9 Guo ißt ('93Ə ‘S910 Jo 3ua3uoo ə[qs1Ə9A0291) 1addogD 

826 591 886 681 889 16 T92'I 6571 suo) Joys pugsnoyg ^" — e aqueg 

qg$ eq 8985 89 613 92 02$ ee -73u930uoo Áuoulinus ‘suog 2105s 0 9j9813ua23uoo2 pue dio Áuouimquy 


VdVAAN 


MINERALS YEARBOOK, 1967 


120 


686 890.8 092 IS CAPXA Zez 860 92 192 Flo 28 7^78SUO3 %s UU UU U U U U U C 2884 


AEN I Leg g€ 288 669 2 620 J 0r€ 8 896 801˙8 77399] əotqno UOI[[IUI nnn sees eens sud luna N 
OLS OT 68T'I 0L8 6 960 Tt A A M A -guoq Lous pugsnoy} ~~~ e ƏUIUT 
895 899 I 288 260 I 881 109 2861 c8, 778003 j110Q87777777 777777777 Cas '$910 JO queguoo o[qu1940091) PBI] 
SIT £ 049 866'2 699 119g 299 1289 899 --guo} 1048 Duggnon ^^^ ^ ^^" 77777777777777777777 umnsdÁr) 
OT VN oT VN 01 WN OT VN. i DS ar ee PS ss ee gt a 800078 WIN 
M A ` 012 201 II SOS O02 ‘OT 221 ON? -"guoq 1ͤ 7777777000000 0000000000000 777 Keul 
718 I 909 T 98. T$ y9F T LIL‘ T$ 5798 1 866 I$ 665 J --guo} 21048 puusnoj))j)j)jjhj rerces SABIO 
WHOA MAN 
901 US XX 568 998 XX 929.908 XX CJ o WEN uw EE ĩ eng 16204. 
100 ez XX 838 0 XX 986 6ʃ. 3 XX 961'08 : XX -M Ioqui4s Aq poa3eorpur senjpeA pue (99-596 I) UN ‘UINUapqA]oUI o 
uoJt (5961) Zen e1g “uəurəO :peso[»srp aq JOUUGI 48y} She f JO nA 

616'S 088 Tẽ 967 8 963 62 979 ˙01 095 98 911˙8 e€£8'60 o Pp (7039 "8910 Jo 3uejuoo əlqs19A0991) 2012 
A A eq A I26 M FOI A 778103 34048 REENEN (9}381}U99T09 pus 840 ul 9[q81oA02204) UInIDEUEA 
919 68 £06 TI LGL PL Ore 6 M M A A ~-spunod puss no) (COEN 3ue3uoo 9[qu19A0901) umrugJf) 
80 2 168 1 9905 299 2 020 € 116 ‘ft 52 7 092 ' - -guoq JOYE DννQſ m r bh eres ese s 9048 
b LST PIE SIZ ZLE 882 818 rA T --səvuno Áo1j Dugenou ~~~ ~~~ ("939 ‘sa10 Jo 3uo3uoo e[q91oA0201) I9A[IS 
988 PT ZL9 FT 620 ‘ST 809 91 OST St Sol It 091 ‘OT T8L‘8 — D h T—— — 2 tU pus puss 
980 J 88 OTL 99 ZLS v9 699 29 Ee. MCN EBEN a d WBS 
689 023, L8L, 955 916 792 09L, 092. -.8u03310g8 pusSnoq] th 1 eorunq 
860 16 $88 6 £99 801 $96 2 TLL LIT 858 2 198 501 919 6 -73ue[eAImnbe Oty ‘suog oys puesnoq ~~~" Salus WINISEBIOg 
058.898 551921 101,298 — FSI'PZI 476. es 991.611 293,928 E9B'SIT "logo uolle3-gy puesnogy ` pn) umojorjed 
525.8 989.958 gZr 8 vee Shs 906.2 110,188 8998 888.9988 suo g „ 994 
$00 OF 89T 606 688 18 208,918 ÄIS 92 1181691 179 IS ei 68; h gt sr 898923 d'I 
08 O PTT 888 982 61 38 888 r28 02 1287 898 04S'T2 L*0'988  ^'^suojpe23 puesnoq3 "^^^ ~~ sjonpoid obt pus eutjose2 enye N 

f :spmnbi| s [g1n18 N 
9LL‘ 881 0I9'290'1 O9L‘F2T 910 ‘866 069 Ott 903 ¿86 286 TOT L¥6‘8L8 Joe DIQNdD Oo sed Nanu N 
M A A A St £92'F 901 Sep a suo 20s duo: 
858 £28 er v2e 06S ‘LP 828 060' 09 008 299 957 IIC te T EET ES (UW 1uəo:əd qg 03 g) 210 sno1ojrue3ug]q 
M A A A 9ST Lg9‘S GEI ¥6L‘9 77303194 88012 ‘su0} 31048" ~~ ~~ (u a10W 10 3uəoIəd Gg) o10 οοοj˙g2u NM 
SES LI, Ly 58 297 88 298 qz "Sol Log pusggnoq)" "ET dull 
319, CM 287 969 I Lon DIN: 93 929'I suo aasee 77777777 (% ‘S310 Jo 3ua3uoo e[qu1eAo00e1) PVT 
267 3 008 TL Log e 006 96 1282 889 08 896 2 GOT 28 "aal 9Iqno pugsno jh) V apes ‘unio 
889 891, 959 971 A A A A --9u03 yogs pug8n0Q] 7777777777 7777777 7777777777 winsd Ax) 
281 881 ‘Ss 928 968 6 288 1596 Oz OII 9 - "gəouno £01} 7777777777 ("939 ‘S310 Jo quəquoo Əjq81ƏA0931) pio 
09 VN 9 VN gy VN 97 . cp pre re ne SD S T IRR $9U038 (lor) 
A M, )))! 8 8 281 ) xßß s T audsionld 
978.79 800 97 149.81 519,801 03869 899'86 OFT 99 50199 ` suoj qioqg--- 77777 7777 (7938 8010 Jo queguoo e[qu19A0081) id 
T¥9 St 895 8 OTT 6 99. 2 OTL ‘OT SIS e 89 6 696 2 Pen EEN (SNOUIUIN}Iq) [BOD 
72 oF A A. TOI 09 L9T : 501. suo zou Dueno "TEE wellt, 
293 919 TLL 893 988 Gel 29 618 888 19$ 891918  ^^399]9Iqno pussnoqq "^^^ 777777777777 Ia mau 'eptxotp uoq:8O 
dud cM Lp c E E C e$ (s) M M suo Oys pugsnoy} ~~~ 77777777 777777777777777777777777"T9e3u9g 

OOIXUN MAN 
(spuesnou) (spuesnou3) (Sspuesnoq?) (spuesnou)) 
ona A Leite ən[g A A13q9uenóo ən[g A A1nuenoó en[eA Ayune 
— — — —À—— — [849Ut]A 
L961 996T 9961 5961 


i — . 9— ͤ ͤ I I  — ———4 ————— 
ponunuo)—soje)S Aq “sə918)S PAUN eu) UI ; UOHINpOld [—-u1əu!jAr— s qu. 


121 


STATISTICAL SUMMARY 


qui JO pue 1% $930u300] og 
889 Lë XX 892'Z0T: XX 86 96: XX 890986: XX . . od. 
299 L xx 28 - XX 80 XX 98 12 XX | l CO ee S; s 5 A g Seer 
Aq poywolpuy senypeA pus (9961) umnrpsusA 'umriuem *1[v9 ‘guod 
e 9-100089 1S1 Sut jo Salen 
Sen 969 S08, OLI, 529 998. 99 . 18 "op BEE DINE HN — 
811.6 289.8 999.01 971.01 2692 PL9; L 271% — OZg OI suo 31048 pussnoq) .. aes pue pueg 
919.99 918.92 021.69 Det Lë 248.99 098.92 615889 e e (epn:o) uməlonəd 
106, K 999,898 689.8 789, 18 990,8 51.98 096'2 888,38 [Doop . ee 99893 d'I 
sy PRS 88  — SIV'I DOS gë 895 J 69018 Seet 998 T6 suo[e3 p õ,j eee e ön 
989'9 Z9 OP ni in #029 23998  ys9'; graye ! Toppa Z T ZI EII eeN 
T WN, E: VN, T. VN, TI. VN, 11! . wuchs ue 
296 1$ 9915 92619 979 g 9799 7281. Z 699.9 489 2 op ' map Teo) 
A A 001$ 9, 1 dit 18 6115 98 ` Soo 24048 0 I [bB ere ae 
—————À—À———————— . ͤ t:. 
VLOXMVG HLYON 
— ————— — D I. 11. ë. E—— 
760 LL XX 878 TL XX 888 09 XX 2D "Po CAM c c ECCLE 1830 L 
y22'8T XX eL2'91 XX GES TI XX 806 U > O v ee A loquids Aq pejsotpul 


ck e|qreur uolgsuətu[p puse peusnio) əuojs “uUIAIo "gteiautn nmn 


819. 868 eut 929 998 ‘SIT 999 DL 601 965 980,901 8 340Q8 Uõ mw e3mudoaAd pues ore], 
88v IF 209 v6 981 98 » LL8 66» 026 0€ » S88 8T» SLE 08 » „! E əuo1S 
296 6 710 Ort 381 II T09' TT 920 OT 66 OT vor or 091 II )) TTT [A813 pus puss 
A A, AA A ß eee gee IP L , ` Su0) Long PUBENOY™ ~~~ 7 TT 7 U 777 3201 e3eudsouq 
A. 009 T T, 009 Y SST $66 SL 89 $99 25 CUNDUMOG. EE ert eine EE EE 300 8 
19 T 689 69 Shs € 085 89 286 T 661 ZL 220 2 O10 Fa 778U0j a M ML i c 
96 . VN ST VN, 9T VN. q ˙ʒß„ññũ ee en ss sS AUS ee ee ee gəuo1s ue) 
911,8 069'992 Tx. 019, "mg 631.8 eee e . .. aedapieĩ 
3810 8 LLG Z 158 Z$ T88 8 391 Z$ 888 8 y90 38 661 8 Nom. ety che M MM d y n s s s sss e SABIO 
9 Be CT ee M vie Geen ree, maw ees: v. Sy SE 778u0j J10GS pueS$noq2^^^^77 TT rrr rrr rrr reser een n= ojuegq 
— = == =F YM Y Se QNA ORE or 
VNIIOUVO HLUON 
ee 
818 ‘662 XX 208 008 2 XX 290 06? XX SPP 88? „ e.. . Ql M LC E: WoL 
089 0II XX 280 ISI. XX 599 opt XX „„ KE ee een ee ae ear ae A Ioqui4s Zo 


589.61 999 ' 0L 208 CG 595 SL SOF o 088 op 229.91 ¥SL‘09 ~~ 80} äre ( ‘S310 Jo 3uə1uoo ə[qg:əA029:) 201 
919 99 688 88 859 59 OST 58 929 gp 108 08 699 9 TFI 62 ` “*SÚ01 3 DHůνναι οõJjẽ qtnnnnnnnnnnnnnn e əuo1ç 
8} I8 , 82 oo 91 IT LT eT ` seouno Ann puesnoqy7777^- (De ‘S310 Jo 3ue3uoo e[qu19A0001) JOATIS 
665 v 009 87 160 gp £06 Ty 028 op 282.68 £89 88 £86.68 dU. iuc udi d dau M Smee 194913 pue pueg 
$99'IP  02Z8:9 806, 98 086.7 172.98 200.3 r e eens ene nes 


sor A A A A A A 


MINERALS YEARBOOK, 1967 


FV C ee PRODR ME MN 
A A A A 01 9T -78U0j % (939 eo Jo 3ue3uoo o[qu1040001) 2eddo;) 
962$ : 962 t 8985 198 698$ Tec 998$ 062 779u0j 310d9 pussnoqg-7777777-77777777 77777777777 24e 
eee eeu ue e L LU e re EE ̃¾⁰ U.... ́ä.——. YY D 
NOD A AO 
981 880 T XX 168 Lee XX 992 600 XX 88,'I88 XX 1830 L 
SLI e xx 58Y ? XX 896 es XX TTT AA loqui&s Aq pearopuf 
rene pus “odin '(,9-9961) Alis *eorumd "opt ‘(L9—9967) 1əddoo 
"jueureo “(əqIuoquəoq) ALO Pogotem eq 3ouuso audi geit Jo en[sA 
596.8 09 ot 693.8 282.11 ELL 8 91L,81 208.8 61, eue zog (939 “selo Jo 3ue3uo9 e[qu19A0201) oufz 
$96 8T S98 9T 868 LI 588. 91 120.81 215.91 280.91 , . Su 
086 9 059 Y 9992 070 ˙9 820'9 OLCK $00'4 089'9 Topp . PARIS pus pusg 
9, oT. A A 99 6 T} 9 _ Sued 3200» PUNO rr 75575" sss sss eS 
360,949 ei 082, 182.799 688.528 556.889 y 902 028.289 Peg 202 -speireq uope3-zy Demo (opnao) uməlonməq 
922.65 $89 900 T 188.57 798,988 803.28 999 Y68 — 990'82 P08.088  ----0p 77 eee . nnn nnn səse3 d'I 
978 98 906 899 — STL‘ 98 581919  T99'y8 621'0L9 (more — 890'Pg99 —--suo[re3 pusgnoq?----------- syonpoid ejpoAo pug gre ens UN 
220808 726, ZTP“ ZLT'68T SZZ'I98'T 162 281 966'028'I 474991 105 918 1 a oIqno uopppu---------------- ers emed 
VOL | LOL 6 206 666. 2 818, 818.2 63L, I8L C uo oũůn (%% Jo 3ue3uoo ƏIq81eA0991) Pest 
988 6 DT eng 886.21 007 298 57801 002018 169.8 908 863 ~~ ey} DIQnd puwsnogy” ) V opgi? nmn 
992 2 708 218.2 98; 858.2 193 668.1 569 WE REA A RIN DELE n s RON dO nd 
80. Y $68 986 Y 858 029'9 yL6 AE 850 1 ))! er rg ee eee ee (snoujum31q) [BoD 
698$ PÄ 5915 gy, 908$ r6L 5985 988 "suoi q pusgnoqq----- ~~ —— 7 e AAA 
— . .'. '. ' '. ——• — _— — — .  — — E _ _ Ü s ` ...... .. .., S]€K 
YIWOHY'IHO 
888 86b XX OPO 889 XX 3898 rap XX 286 YS XX [030] 
L16'T XX Seet xx 891'2 XX v6L'T „ oo qc RU . s (V96T Lem snoareo[uo) ənoqs 
'umsdÁ3 “uols eAIsSSIqQy :peso[oslp eq j3ouuguo 38y} Sait Jo ən[gA 
589. 24. 897 Gy 006 ‘ZL 200 ' gy 696 og £92 25 PIR Där LL ër ~~~ 0p 7 REECH əuo1S 
889 89 961. er 606,29 198, ep 908 ep 298 Op 299 ep !!!. a [94813 pus pueg 
6v9 68 20 9 981.98 8819 918 rg 920.9 Son Ce 189 F ene lÍ Í l lll nes 
Lët T8 726.6 002 28 GER ot A 806 ZI 027 op 698 ST enn uollg3-gy puesnoqy---------------------- (epn) uməjonəd 
001, 108 L PR 512.9 08 298.9 88 8989 F))!!! A ce ka PEE qed 
226.6 218, TP £26 01 981. 87 Tor '8 789.98 088 8 e . $93 peang} N 
L18 8P 989 € 266 09 898 8 802 89 I88 8 808 89 599 8 . 8$u03 41048 puSShoqg eee oJ 
£ VN. 8 VN, e VN, 8 % EE 890039 Ulor) 
Le alt — VIO'9F PPY P9T IIS. 87 820 991 — 068,68 9. LET 018.48 | 0p e. .. (snourum3iq) quo?) 
981.91 019 Y ooo PT 680 9 918 St 020.9 927 FT 900.2 „gg er ee nae eens 2A 
08; € 956 98; Z 916 +00 8 090 T 221.8 990, J end punod-087 pussnogqy------------------------- moss 
098 op 927 51 052 878 18191 667 p$ 9982 51 279 098 899 91 ""Sjeireq punod- 9g puesnoyy- hh Wewer? 
I 20) 
‚ͤ P ¶ — — h (ſ— t ͤ —1—̃— U—3ů— C C 
OIHO 
i RR 
(spusesnoq») (spussnoq1) (spussnoq1) (spussnom) 
ƏnI8A Anund en[eA Apune 9n[eA Apune en[eA Anden 
. [BINT 
2961 9961 9961 7961 


— eee, 
ponupuo;)—soj9)S Aq ‘89787 PHN eq) ut 1 uoronpoud N, l. s AQL 


123 


STATISTICAL SUMMARY 


868 868 


XX 


807 806 


GNVISI AdOH 
— y — ͥ⅛ — . t —— . ðGð.Üͤ 


*e[q93 JO pue 3€ sə1ou10o0] og 
9805 XX 476 e xx 186 2 XX 679 Z XX C EE 1020. 
——— . e r 
1 XX I XX T XX I AX —— vmm sjejouruou Joq30 :pesopsrp eq 30uuso 3813 goot Jo eng 
8T9'I 18 784 ; T 989 611 1 28 S86, 997. EO. EE 7770 O NOD euo)S 
GIN: v88'2 218 285 942'2 IIS“ T$ T89°T 819' T$ Lv9'T "` Soo) 21048 puesnoqj--- Ë [94913 pus puss 


XX €28'816 XX 090' 206 ee ee NEE EE MM LL D 1830.1, 
d 6 [ j 
812 Lë xx T82'08 xx 289 58 XX 61958 F ody pus ‘seals A Nd Ad , ‘sopu delos ‘aio uo 
‘plod *3Teqoo *(urosx) Au :posopsIp SO JOUUBD 1801 Soit JO nu 
895.6 290,98 851.9 080 82 FIO e 989 '16 978.8 52, 08 en oe... E "Sai Jo 3097009 əlqs:əAo9o91) JUIZ 
LST SOT 991.09 $82.66 880'69 L29'66 908.99 220.16 629.29 %% 8 908 
719.65 62 Lt 299 62 299. Ltr 909 ' 62 209.81 715. 92 661.91 ` 840} 21048 pug8noq3^7^^---7--7----- .. „Fanz pus pusg 
TOL‘ 61 L88 T 008 61 L88 TP 898 Cd 286.5 880 3 811.2 "` Sue uo[Te2-2p Reno" (opno) meln 
Lev 909 Gë 399 31629 229 009. gp 268 009, 68 J 8 380g 
PTI Lol 121 €98'T 601 899, J 001 187, 1 JJ! 8 sose3 d'I 
LL 291 ˙T 981 TI2'8 qq 320 1 v9 SSI ‘Tt ` sSuo|[gB pussnog3-777-77--7-7-7--7-7-777-7-7--7-7-7-7-7---- eulfoses emys N 
I l :Spmbi] se3 jenjen 
086 SZ 996 68 028: 96 VI6'06 129 oo 795, 78 GES. 88 02L' 18 ` `399] 9Iqno uo yii www... 
GIL v6 SLL T 918 Ss q989'I 96» ‘ZZ 8991 999 oz OPP I ~~ Soo) 31048 Düesnou *^-- 6’ Se OE EAS oulyy 
+. VN, + VN i4 VN 7 XN Loca 7 ri aes Səuo1g map 
998 € Tov v 662 2 821. 8 880'8 598. A 998.7 719.8 -78U03 20s --- (e ‘S910 Jo 3Ua}U09 e[qu1oA0001) 1eddo^) 
278.617 817 6L 891.927 Sry 18 298.207 808 08 812 geg TSS" OL NE. JC S SASS O ME aa E E sSnourunjirq 
091 96 992 ZI 899 001 1576 21 180 321 998 EI 859 ‘SPT 581 21 RE LE = ñ⁊̈ ß ñ̃ ̃ Ee re F 
802. 91 766.5 980, LT 867.8 Leg T 568.8 PIR ‘ST 28T. 8 ö d dme s SABIO 
856.2 626 2 098 L 096.2 Leg A 900'8 569.1 818.2 md punod-Og pussnoqg3-7--777--7-----7------------ ÁA1UOS M 
269 HITS 261 og 198 PUIS Fon op 926 9TT$ Got op 607 8118 899 ¿8 --spuieq punod-9/g puvs$n0Q37 ee Weer 
EE 
VINVATIASNNGd 
4 4 4 Qa. ww mmm 6. 
099'99 xx PSP LOT xx 996 '28 xx 598 793 XX 1830], 
OT. WW mmm UU V P !! k lk ee A 
988 91 XX 921 er XX 998 LT 1 XX 589 91 XX : . A loquuásg Aq pə1sorp 
zui ngea pus “(Q9-y961) ouz '(yggT) umjpeusA “(p96T) urnjusmn 
(1961) 2183 91967) Dat ‘(99-9967 Ietoaiem ootd) 20 uon 
(2961 Zen Ə1U) Asp “quəusəo :peso[»srp eq 3ouuso 3903 SWI Jo ən]gA 
JJC a ee aum eT. uS NP ee GN PIED | I . _SIS6Q fO AA 3uao1ed-09 ‘suog 310]8- --^---------e3913ueouoo uojs3un T, 
9950 108,81 988 Sp 8888 IOS LS 218 16 962 61 rr ee l Í OOO 7 əuo1S 
(s) (s) (s) (s) IT ) 6 . 6I I TI ~~se0uno KOH pugsnoqa-^-^--- "Cameo ‘S310 JO quequoo Əlq#1ə9Ao29X) Alls 
092 98 089 61 986 v8 228 98 GER 28 008 ' IZ 8ST os $92 ‘ST EN, LEE Eeer AU pue Goes 
ger °T 5788 992'T PIL Ist °T 299 606 999 ` PO) Joys pugsSnoqjg-^7-7-----7-777-777777c70000000000-0---7- aum dq 
(e) 8 A A RICH Mes T (s) q 353) ẽũꝑq u q yd MM ⁊ 2 
A A. LI 006 27 ee EE BEE, LEE 284 
A 282 ST A 98091 A 881 9T A Och QE ` "going (91913u80u09 pus oro Jo 3uo3u02) joxotN 
197 856 608 00; 6LL. 598 I or 921 / ß ee oe moe 
690 2 66 882 2 911 898 1 86 816 I q6 suo 34oqg pusgnoq?- 7777777 eee aup I 
L 981 01 182 21 Get SS 199 7^S99uno KO hh (938 “gə1o jo qusguoo equi A0) pjox) 
09, VN 09 VN OSL VN A €. Geng EE EE EE 


gauomg Ga 


MINERALS YEARBOOK, 1967 


124 


IT 99 oc oM 9I 98 91 LL e -7-77-7777 757= =en 883 ana 
e 7777799 181 SE 


T------ ..800) 008-7 777--7-7----------(-938 ‘SAIO JO 3u93u02 9[q819A0901) PEI] 
9 181 9 II 12 ecl q 881 --8e9uno Á0137---------------- (27 ‘8810 Jo 3ue3uoo e[qu19A 0991) P 05 
cot TT 009, 71 SEI II OTF ST 965 01 888 ° PT 960 ‘6 688 ‘ST 778U0j qioqgs---------------- (Q “S810 JO 4a9}U0d e[q€189A0091) 1addo^) 
VLE 92 668 9 292 8 608 9 086 0€ 998.9 529 “ZZ 066.9 C 8 (snoutumjIq) [soO 
291.2 VAS T 606‘F . 698 Ts €0T 9 965 J 9299 OTE'Te 778003 JOYS PUBBNOY}- ^7--7-7-7-7------------------------2--- SABRIC) 
666 d $60 T SCH $60 I AR: Gett 8338 212 ˙T Seni? punod-OgZ puesnoq3-------7------------------ Auosa 

879 95 8908 SLL os LLT'8 989 2 5e. 8 T6L ‘92 8 g ~“sjelieq punod-97g puesnoq3- ~~ - 8 
2853 91 3175 6c cvr$ 18 6193 68 ` 8UO) nous PUBSNOY4@ ~~ ~~~ OO ne nnn nnn een nnn nee Steg 


819 29 XX eLl'ega XX 899 09 : XX 259 ‘FG: AA —ꝛ e ——————————ç——— — 1630. 
tt è xx 2081, vv — ü[5ĩð—;2mQ. .. — EE 
LTT I XX 96L'T a xx 899 T : XX 688 8: XX AA [oquiAs Aq pə1sorput sən[gA pug 
*UntpeusA “urntuuin *(996T) un *uinuepqA[our "out (2961) so3e13uoao 
-uoo uinpejusj-umniquin[o,)) :peso[pstp eq jouuso jeu) Sud}! JO Əən[SA 
569 6 9981 966 L 981˙2 288 q 5991 92 9 811 ˙2 ~~ 8009 3J0Q8 p⁰uAS n)) - ene eee Əəuo1çs 
881. IST ; ort OTT LOI 621 ZLI eer --səvuno Zon pussnoqa- ------ Ca ‘sa10 Jo queguO⁰ Ə[Q819A02091) IƏA[IS 
LEL ST 897 81 Go er 089 ‘ST GSI ‘PT 866 81 IF9 ‘ST OEL ‘ST ` 800} 31048 Duggnogn -- ee [94943 pus puss 
809 TTS 6LY 682 887 612 Get 252 ` “s[9118q uojr22-zy puesnoq3---------------------- (əpn:9) une 
A A A A A A Zg 966 JJ 8 „„ dezəs sot 
A A A A Ge OST A A 778U0) Log ~~" sl[giəutur uInIQUT 
65 or | 89 21 LZ L 9; 61 c a urnsd x 
690 LS 982 109 98 12 29 909 686 12 693839 369 12 816919 s οõ,j o K01----------------- (°91Ə 8% JO 1ue1uoo e[qu19A0221) ploy 
08 VN, 02 VN 0c VN d EE 820038 Wat 
027 ITF 19 698 : Is“ 9578 99919 081 %% EE E EE Jedsppe,y 
L6 g qy 01 6v 01 89 81 J 8 (071031) 1809 
66L 66T 0L8 182 0338 T $22 9;L0 °T 97 . 8u03 310Qs pus ene nnn nen ee eee eee KAI 
821, v? OLT TS 081. 99 002, Lg . S[9118q punod-9gz pussnoqj------------------------- A1UOSU]A 
ST18'v$ 907 T L98 9 PLE Y LSt og 929 1 818 98 1002 ` sləzieq punod- 9s pussnoqa3--------- i ACC TR 
A A 0v$ Pet A A A M e $5013 ‘suog 310087 77 ------------------ 9191jueouoo ung 


VLOX3YG HLNOS 
PLS 85 XX 869 97 XX 198 Ty XX 81288 „„ EE 1%. 
— . —  — u — 
889 ' 06 XX 989 91 XX 289 LT XX 996 91 XX ` ^ nomen pus ‘(LIGT 996 I e3ruue13 uotsuouirp pue 99-V96T 
9uojSeurr] PISNI) ouo1g jo] ‘Bəd "eum dios uA *1edsp[oj 
f Zuemee (99-5961) ougg :Pəsopsp eq 3ouuso yey? Sula}! Jo ən[gA 
998 Str 018.8 012,21 621.8 zr. 8 976.9 921'6* 601.9 3 e Sans sss E EE əuo1S 
SLT L 853.9 899 L 910 9 889 9 853.9 293. 2297 JJ i ek a ng ee Au puse puss 
870 8 £82 I 088 8$ 681 2 689 8$ 288 T 608 8$ $L I e y Fev He dU sABID 


VNI'LOUVVO HLNOS 


(spussnoyq}) (spuesnoy) (spuvsnoy3) (spuesnoy?) 
anjel Anuen nu A Aanuend ona KA4rueno$ en[eA A1queno 


2961 9961 9961 7961 


— —ꝶ b —— —- ̃ —ññ . —é— 


ponupuo;,)—s9j9)S Aq "eomgg peu ou ut 1 uonəonpoid a Uο, n —'c ag 


ua N 


125 


Iq Jo puo 48 803073003 998 


STATISTICAL SUMMARY 


890.91 818.89 988.61 vet 79 69; ; TI 002 ; 28 979 ‘OT 65 : OF -78u0)310Q8 TTT --7-------(-038 ‘910 JO 1U9}UOD o[q919A0091) Det 
916'TT 80 I SLY ‘ST 996 T 622 FT 681.2 908,51 GAN: --3u31eA s8013 ‘su0} Zuol pussnoq)- 7 77777 ----(eqqusn) e10 uo 
260 01 088 882 998 ‘ST 98; 887 186 FT 662 95 690 0T 579 SES s92uno £017- 7777 7---7-2-----(*930 ‘F910 JO qusguoo e[Qq919A0981) DOE 
08 VN GL VN 9L. VN, 9L. VN, a J EE sss s TNOHOIE UISE) 
906.82 I 609 “891 816 ter $88 992 OLY 88T 881 696 TET OST 899 661 aun yogs --- = (sənə ‘S910 JO 10100 ə[q819A0991) 1eddo?) 
182 vl SLT} 89. 92 989 Y 118 18 866 Y 581 88 OSL 7 ** 777 8 T Enouunziq) [80D 
88 PIT 076 : 68 388 671, 088 221, ~"su0} 1048 puBsnoygy ^" Mc FP 55 s SABI 

$ 599 99 L$ 90056 9$ IOS "og L$ 265 98 Jes VIqnd puesnoqn-777777777-7-7 8 [&1n3€u *eprxorp uoq 


L8'900y'8 XX Ir0'220'9: XX 928'81,'v : XX gpg'OSg'Vi xXx 7 . ae SEMIS "TEL 
982'08 xx ST6'013 XxX 920'60: XX gt: XX FP JJV M Joquiás 
Aq pejeotpur sənjea puse (2961) ej]noruueA ‘uNTuBIn “əsJlns 
uintpos ‘sound (29-9961) Kino1eur ‘(ezau 10] 4deoxe) spunoduuoo 
uiniSou3€eur "Oeap 10J]) ƏpDr:o[q9 umniseuZeur ‘aio uo 'ejrnqdui3 
*'(e3ru3m) [Boo (5961 urposx ‘GQ-FOGT dine SNJ) SAL “əuturoiq 
I , 99-5961) e1118q "deg ƏAT8N :pesopostp Iq 30uuso 381) SULF JO S9n[A. 
998 geg 06 298 668, out F502, TIZ‘ 79 968, 588,68 buon %%%ẽjjỹjt,ͤ e ouo3sduos pus JBL 
186, TTT 875 8 028 96 GAR: $86 CR 5298 08L 99 2088 ` Sue) BuO] pussnou- rn a 000007 (sseooid Kale UA IA 
LLS 19 525, 6v 699 99 81S SY 699 89 039 68 0L0 29 073 OF ! y ß əuo1s 
OLT 68 866 IS ETE 18 636 92 920, 98 679 68 56888 GST 66 )]) 8 EEN Au pus puss 
985,98 Ps, LOL SE OSL L , II. Oe. 596,9 „ 1⁄6, 9 , OT} 9 suo q1oqg pussnogy” 77777 ) D E HLS 
G9G‘SLR‘S Z9G'GTT'T A188'TIPTI'8 90L'190'T GIT'Z96°Z 6hL 000 T 766 826 2 979 686 ^ 9 uo[[g3-gy puBsnoyy / / (apnio) wnəjoəd 
A A. A, M. „ 8 ooo LE 08 _ uon oss J OV ME S S DS 99 
966 026 685 657 L 99L 093 028 698,9 999 PU 109 278,9 26.91 982 120 G o ee 89892 d'I 
GOT ‘LLZ 689'T80'T 288 692 192'068'8 696 996 LES SLL e 95 SES O9F‘ZIS‘S ^^suo[[g2 Dugenonm "TT? 839npo1d IPA pus euler — 
SPINDI] SBS [VINIEN 
986.856 006.881 2 866, 86 O87, 8869 968 88 — 9S9'989'9 081/608  Z0Z 06p'9 "3eejo-qno OH 893 uma 
SLL o 599,1 969,91 9 ,I 899 61 see iT TOZ LT 0S8 ‘T auoh 20s puwsnogy” ~~ ~~~ Wr o 
006.6 006.988 552.21 001.798, 032,21 000 0 8s, LOI TI LLS 0p ^ "7777777 nds. p COMME V p 
978.01 009 2¹⁶ $09 OT 009 080 T 088 OT 80, STO T I88 OT 509 930 1 77399} oIqno putSnoq] ~~~ 7777777 "epna?) :uinijoH 
617 8 586 892'€ 668 56 8 950 T 650 v 1811 Dre / / eee ee ul D 
ost, VN, 021, VN, 091, VN, A) .))... m ̃ 89Uu048 WAN 
180 8 L6» 5 LST L 919 $ 998 9 697 T 969 98 931 Pt - "suoq 21048 pu¹snõ,jHỹjvjʒt TT rrr ree errr ees BASCH 
278.2 888, 229.7 PR. TIO € 896 S08 2 0&6 | "Sigg punod-OgA pu€98noqj77 777777 7777777777777 ÁA1UOSU JA 
628 66 v¥6'TS 881 Let 228 08 869 Lef 028 08 Sep 563 080 ‘08 ~"gje1ivq punod-978 Dugenoun r pusniod 
GU Ciel 
SVXG L 
619 681 XX y89'Z8T XX 156 281 XX 996 SLt ff dd . TOR POET eS 160. 
6LL‘OT XX 896 'L XX ZL3'9 XX See a XX 2 SE AA [oquihs Aq pe3eorpur son[ea pus ‘(1,967 9uo38 
-pugs uorsueullp *euojspuss peusnio) euo3s8 “səqtIÁd *euum (29-9961 
. “p961) (qa s n)) KA :pesoposrp eq 30uuvo 3203 Soit JO ON[BA 
GUNG 990'8IT 06 62 LL ent — LEL' SB Lëg est — 989 TS 856,9 11 suo zou eee (7938 "so10 Jo quəyuoo 9[qu10A0991) JUIZ 
896 IT 89 TE 287 TY 092 TE 698 88 888 ' 82 688 88 26 98 FD . . ee RAT S 
202 OST. 39 TOT, oor 56 LIT. T6 --sSeouno Ko pussnoda "ag ‘8010 JO u9}U0d e[qu1eA0901) JOATIS 
619 OT 916 L 251. II 829 8 069,01 GAR gyo 01 216 Vk) EEUU DUREE CODE MM 5 Anis pus pues 
TLS Ss 866 6 988 $6 GAN? 962 66 ¥S6 3 126 81 58 2 suoq Logg pussnouj?è "7 TF0 x01 ejeudsouq 
A L A L A TT A. 0T "Staue uo[pge2-zP puggnoq" ~~~" een (pn) unejorjed 


MINERALS YEARBOOK, 1967 


126 


989 888 XX 268 v XX LL6'192 XX e d . ee | 1604. 

998 82 XX 23816 XX 066 08 XX 81862 >o Pe EE loqui&s Aq po3eorpur son[eA pus ‘938172090 
-uo2 uinrugjr ‘es *ejpueA3 ‘(senage 3uour2Id) eio uoi, *uinsdÁA3 

à i ud pe ‘queued ‘ady ‘PƏOPSIP eq 3ouuso 8} SWAF Jo onIgA 

880 9 978 8T 831.9 999 ‘LT Z¥6'S 165 O 00; 9 500 12 --8u0j A8 ~~ ^77-7 77-7777 e(*939 ‘8010 JO 1uo1u02 e[qU1oA09091) JUIZ 

OLY 29 538 IS 099 99 131.78 268 69 098 98 89129 207 08 --gu0} 24048 puasnojghRhhhhhhzjzjzu errr sees eres əuo1ç 

A `, A ` 01 686 € 6 . 659.8 6 GIN: e e əuozsdgog 

767 31 898 6 989 91 161 LT 61081 288 91 ZoL ‘ST 889'OI  --suo} 4104s pueSno]----- — — 7777777777777 [94912 pus puss 

A ` € . A I A Y A 9 --spuieq uo[B2-gp pussnoj 7^ —7 77 777777 (epnio) une 

GAN 818 8 UM 6 5 356 291 ˙8 6 009 1 --43e9] oIqnd HOH K ne gu [9113€ N 

Sve OT 628, 98} OT 078 v89'0T L¥8 T8L‘6 08L --gu0} j10u8 pugsnoyg EE our] 

096 Os? 8 086 8L0‘S eer'T 1998 010˙1 298 ˙8 --8003 qm? Pb Pr (e ‘S310 JO qugα⁰νðEs ə[q819A0991) Pee] 

L _, VN, Lo. VN L VN 9 RN rr uu D a 89U038 Ute) 

ERT ILT I2; 98 IS 891 2399,98 1627681 820, 78 i r (snoutuinyiq) [80D 

829 'T$ 388 T 818 12 OM 229 T$ LSM 71913 4 20: --guoq 31048 puesnoqq- 777777777777 77777777 7777770000007 00777 SST) 

VINIDUIA 
892240 XX oOreé's? XX z6$'02 XX TO a Lc oL IM EE 18901, 
999°F XX GN xx 9915 Xx 226˙8 „ yd . ie ne RE ↄſe pus oun 
p 2 ‘sauo0}s WJ “sÁG[Ə 's0jSeqsy :peso[ostp eq JOUUBO 3B} suis)! Jo onA 

023 03 1927.2 926,61 999.2 LEM C 169.2 299 ‘02 0202 !!!! ee a ee NOE əuo1s 

821 3 STL 8 PPL 888 8 0191 580 2 565 J 59 1 --guo} 91048 puesnoyg jj DAS pue PUBS 

»$ 083 s$ 888 e$ 08; v$ 982 --gqoq 31008 ---- 75-7 SoS sears "lU .... EU M S eod 

LNOMNNANAA 

LI XX 8,8'8PP: XX 851 680 XX Gels d e MEM MINE 16204. 

658 ‘ST XX 8 29 XX 019“ 89 2 XX e d. vv M loq uus Aq pajvorput sonyea pus '(/96T) 
9}81}U20U0d uo383un3 *(,9—9961) SAd *eoruind "ees urntəsg1od AO 
ejeqdsoud ‘spinby] se3 jeinjeu 'unuepqájour (29-9961) spunoduioo 
unrseudeur ‘ans 'jedeiong (29-9961 uttoe ‘Aep am) sÁAs[o 

: *jueureo *(e3yruosp3) 3]equdsy :peso[osrp eq 30uugo 38q03 SUJI Jo INBA 
$8» 6 192 v8 FER ot 888 Lg Z0T 8 LLL 859 8 837 18 FCC (7238 ‘S310 JO 1ue3u09 e[qS19A0991) DUTT 
¥20 6 Lv. 6191 898 898 T 188 PLS Tt SOF "Soo a, (əyumruəouoo PUV JIO ut ə[q819A0291) UIhIDEUSA 

008 OT 283 I L6L‘6 933 T A A M M --gspunod Dugeno 7777777 (sOtr)) 1uə1qaoo e[q919A0991) wnrugi() 

- . 9 00402202. e en — g 991'Z "ee eer  -74u31eA ss013 ‘suog Z3uo!!!h!!!ů-ů CƏloO ANJING 

SOT 7 198,1 698.5 9»2'2 q9) T: 828'2 a EK 901 ˙8 --guo} j10gs pusgsnoqa- - F əuo1g 

999. 228,5 820 ot GEINT L82 L 989.9 988.9 299.5 --gsaouno Zon pussnod z ( ö JO 3uə1uo2o o[qu19A0001) JAATIS 

1898 217 6 L$6 2I 898 81 59501 280 ‘OT 907 01 , dd ASA pue puss 

229.8 807, OLL 8 227 169,8 598 858.8 ILE suoi 4104s puBBNoYy~ ~~~ ~~~ TT nen ee IFS 

Tec 89 870 vC 094 89 GUNG 990 ‘99 863 93 298 51 r . . (pn) umne[orjeq 

A, ^ AA `, A, A A. or 800,2 su ions 2 %;; ᷑⁰ . n 

997.9 296 87 608.8 998 ' 69 296.9 9T9' T, 706,  68L'6L "mei ond uoma- -= 7777777777777 ee TEEN 

ost e 69T OF9 ‘S$ 002 0283 681 216 zë 891 u ̃ 2104s puBsnoYy- 777777 7777777777777 our] 

penunuo)—Hv.lí/ 
(Sspuesnou3) (spussnoq1) (Spussnoq3) (spussnoq}) 
nA Apun onA A3nuseno en[eA ausn nA Aynusno — 
— H 
96T 996T S96T y96T 


genge 


penupuo))—so39)S Aq 'soje)S PHUN oY) ut ; uoponpoid pe1ourjy—' S ALL 


STATISTICAL SUMMARY 


*9148} JO puo 30 sə1ou1ooj 90g 


219 6; XX OT0'9L XX 666 25 XX 20001 XX mene emen, IOL 
908'6 XX 298 01 xx 829 11 XX 86121 xx p a VV A Toquiás Aq pə1sotput sən[(8A pus *so 1038 
U3 moto ‘SIUOJS SAIZBIGY :pes0psip eq JOUUVI JBI Sau JO mA 
910.8 896.82 981. SLL ps 288 L £66 ‘92 SEI 87.92 Den dense "e, C98 8910 Jo eue 9[qu19A0991) our 
898 ‘Fz 231.1 98.87 091.91 726,12 778.1 666 06 106 St Oe HOME pussnoqi d ee „Duos 
996 38 279,25 ELL og 889, T» L0L' LS TSL 88 969 T6 858.78 n | ee e a .. aan? pus pueg 
A $28'T 791 6L8°S 281 060 ˙8 981 193 8 non 320053 LEE ADR ia ne NV qed 
AA: 212 981˙8 70 920 ˙8 Lët AA A. -S003 nenn eme SEL 
DA 969 “T 219 769 “I 819 279 T 997 €L T "SO 200377 "777 7700707 `" “ (°93ə ‘S910 JO 3U9}U0d ƏJqB1ƏA0991) Geet 
prc ea EK Oia Sp eee E 77" A II A 529 Due ss013 ‘suog Zuo] puas no- "`" (ə[q8sn) 910 uo 
OC 68 8vr$ $21 Du 611 Lëtz 611 uod 31048 puSgnoqj7777 777777700070 0000000007 ` ` Set 
NISNOOSIA 
898 28688 XX 008 168 XX 709698 XX 169 288 XX M M eee cc M CN HR c E 80L 
998 58 XX Ter'og XX 0 68 XX 15998 „ A joqurds Aq pejeorpur sən[vA pus (ouojspues uols 
- dUlIp) 8uo3s sp Inbn su [&1n38u *'souo3s mes ‘(Kep əIy) Cen 4uourao 
“əptio[qə urmrnisəuB3sur-urnt9]so POP Iq JOUUBD 3603 gau JO en[peA 
277 91 255.6 528.91 982,6 289.71 287.8 901.81 ISL dE. aet QD IER NU MER )) 8 y 9003S 
LOT at 228.9 699 II 85 S 08» II 89'S 999 IT GLY 9 BM. SAKA ORC „ „„ {94813 pus puss 
281.9 Lët J 957.9 Li 68S 9 $9T I 999 € $80 T . Suo) 34008 pussnoq?1 ~-=- )) 1 39S 
752.71 T9S K £39 VI 529.8 169 ST 089 8 276 ét OLE € -speq uo[[e2-cp puesnogg}----------------------(əpn19) umnejorjod 
696 0S 09» TIS 076.67 019 IIZ 8528 915 Jos 896 09 99, 308 2 and uop[u1 "7777 )( 8 893 [BINIEN 
660'€ ur 265 $ d? A A A A. ) 8 VV SL 
$89 008 GPL 891 TS8 892. 189 671 960 9825 Let ert ZL9 ` 869 607 THI op 3 CCC ">> (snougumrg) [80D 
5933 97ẽ yess 008 8ce$ 686 608$ 193 "Soo 24048 Deene" s SABIO 


NOLONIHSV A 


290 28 xx 96068 XX 599.89 — XX "4c lo Ee 100. 
— . ́ä ä— sso Ss JJ. 
116˙9 XX VIS'La XX DO IL: XX 988 v8 ı XX 757 AA Toqui&s Aq pəysoIput senpeA pus *(996T) wnrpeusA ‘(99-F96T) 
unrugJn 961 9961) ue382unj3 “ATS euRO *(g96T) Anom 
eum 'eorumnd *eurm *(/9—996T) umadA3 “p[o3 *e3turojerp “(g96T 
əqytuoluəq ‘Lep eig) sÁe[O :peso[»spp oq 30uug9 3913 Sun JO ƏNJBA 
¥96°S 079, 1ã 781 L 2, VE 165 9 0&2 28 609 9 965. 5 FF - 7 (°Əqə ‘SIJO JO queguod e[q919A0991) 2UTZ 
93 916 $ 66 , 088 8 LT 198.2 sI 089 € suo ao, ] bb -— s 5 euojsduos pus la., 
660 6T YS} PT 846. 06 035,81 app Lt 19721 703, ST 86 of BEE EE 9uo1s 
029 2 791.82 908 93 600 62 VES LS 108.18 TL6 S2 026 TE suo JOYS DUGSDOU "7 7777777777 DAS pae puss 
181 809 0 981, 669 ‘SZ TST 63L e OLT 609 98 „! -m; p pp SS S ein 25 
SLL GJ LLLI 698 o NM 828 ˙9 309 1 18. 9 -78u03 21s (°93ə ‘S310 Jo 3quə1uoo o[qu19A0991) pA 
SL VN SL VN SL VN A VN ee LO AK D MN VVV o 89U038 H 
91 LS GZ +€ 12 08 ez 98 778U03 qu 7 (e ‘S310 JO 1uo3uoo o[q919A0091) 16ddo) 
219 69 VIS 69 265 99 SLS 89 FCC (snouiummiq) 1809 
£02 681 GEZ 981 TIZ 291 6112 881 78003 31048 pn nmoluniiii srr ener ces e KU 
003, $9 281, 09 . 103 29 A A --spuieq punod-0gg pugsnoyg------------------------- A1uose W 
T89 '02 VI9 S ove've$ 028'9 198 33 892'9 A A "Sigg punod-9;g pussnoq3-- ~~~ emen 3 
A A A A g 878 TI A A "Joel 9!qnə pussnoq37777777777 ». 9pIXoIp uod 
I$ i) co sese su we Gy). EE, ps sss 778U0j 310Q8 puvsnoqͥuuꝛ MũꝶA] 9 


— . a 


MINERALS YEARBOOK, 1967 


128 


um 3€ 810 JO INİLA aq? 01 poppe uəəq Au soS1eqo Zulinjovejnuvu pus 
Surjpours *uorjey1odsuer) 10338 peusriqujse anjea S1uəsə:də1T *joxreur SNOJ “4S su uz quis uiegse M IUU Jo Sid 310 AV AlIxveR ay} 3 panj[gA JUIZ Ə[q8:IƏ9A02314I e 
se POSOPSIP ad 30uugo 3913 Sud}! JO one., YIM pepngoul “əutiq ul ug? səpn[5Xrr ç 
ve POSOPOSIP eq 30uugo 321 SWIG! Jo enp[eA,, YIM pepngout “DUJ 's[e3o W ƏLAN uror syuauritqus səpn[əxri : 
*II-I eurnpoA uotjoes A3rpouruico ut uaAI2 o1n3g soposredns *e1n3g [BULT ç 
Mun 54 usq ss g 
ve POSOPIEIP əq JOUUBS JEY} suro3I JO ene A,, YIM popngult *euo3s uren sepIOXHH » 
¿PƏsol9sIp eq 30uuso 381) suro3t JO en[BA,, YIM pPopnyaul "Sen ute31o9 səpnIəxrr e 
« PƏso[9sIp og 3ouuso 1601 suro3t JO ən[8A,, YIM pepngour *3ueurao Ure Sapnti z 
*(s19ənpoid Aq uondumsuoo Zulpnpul) uoljonpold e[qe3e»1eur 10 S *SjueurdtQs əutur Aq peinsusui se uotjonpolq r 

*əlqsotlddeg ION XX "639p p[eryuepguoo Aueduioo [enplAlpul Zutso[ostp prose 03 pleuqatA M *e[qeg[teA? ION VN *pastaay x SOT o 


RE 


969°08 XX 288 v2 XX 595 919 XX 876 6291 . . EE 1620. 
565 98 XX 618 98 XX 106.9 XX 98866: XX X AA IoquuÁs Áq pejsorpur sənqea pue '(/96]) nome 
š "sojej[ngs pue sejeuoqreo Urntpos (49-7961) JƏAI ‘(LIGT 5961) 


Sot od MO e3eudsoud "emm *urnsdÁA3 (29-9961) 1edsp[oj '3ueuiroo 
“(G9—*961) 91913 uae2a00 GL att *paso[ostp eq 30u120 JEI Sat Jo ene 


M M 999 A PPP A 698 A 778403 ies ------- (93913099u05 pue əio ur o[qeIoA O90) ur PLUL A 
8e Lë 999 TPL ‘98 869 5 M A A A -"sSpunod pussnouh : (COEN 3u83uoo e[qu18A0081) W AULIN 
978.8 952,1 099'2 869, 1 169, 2 569.1 Lag 791.2 )!. 8 uo 
£93 8 T8T 8 GON L8T L ELE 8 966 L 986 9 289 q uo JOYS pu88n0Qj^ iii [94813 pue pues 
989 198 218.981 EFS PPE OLY vet G8L ‘SPE FIS ‘SSI EFO 198 Gol? 891 ` Siaiieg uo[[£2-gp puasnoj ~~ > 777-777 "` ` (əpn:o) urie[orjaq 
879 L 128 SLT 808.2 080 99T 020 ‘9 188851 EEF 9 686 ët "OI 89383 H 
Lv 9 081 66 T83 9 218 96 961˙9 860 96 2099 808 98 ` suo[[83 puss noh) eut[ose3 [e1n3e N 

:SpIabi[ s [e1n3eN 
190.98 720, 0 s 062 og T88 Ses org TE 658.988 808,62 219, 18S en OIqnd WO ere 883 [einjeN 
981 6T POR T 00; 6T 876 T 861 “SZ 24802 GPS pg 9902 - “3q319A sso13 ‘suog Zuo] puassnouj hh: (e[qusn) e10 aoi 
357) ͥ cL Kasper E ĩͤ MEMMIUS OH e OH 9 - gSəouno Á01)77-777---7--7-^-----7(*930 810 JO que uod B[qeIBAODa1) pio 
Gol VN 081 VN 081 WN 081 C11! , ß S ßß CUN MM 890038 u 
JJ Gag! | rc d EL ee eee + 9 € q 778U0) ars F ~~ 7 ~~~ (9 810 JO JUa}UOD o[q919A0291) 19ddoo 
918 1I 982 8 078,11 019'8 OST ‘OT 098.8 524.6 101.8 ! 8 (snouturn3tq) 1809 
EIS rs 4671 5s STS 6991 889 818 298 1 918218 1121 F e HER Hear s SARI) 
E eeng 
ONINOAA 

— M —————— M . —— 

(spussnoq) (spuesnoq3) (spuesnoq;) (spussnoq) 

en[eA Apune en[sA Ayune ən[g À Ayune en[eA &1nuenoóo 
ctun c = dl. Ia UN 
2961 9961 9961 57961 


a ee EE 
pənunuoo—səg1S Aq “sə]8)S PATUN ou) ut  uoponpoud VIIU —'G ou 


129 


STATISTICAL SUMMARY 


*(g1əənpo:d Aq uondumsuos ZuIpnpul) uorjonpoud e[qe3os[reur 10 ‘goles *e;ueurdrqs əutur Aq poins¥our sg uotqonpoid r 
*e[qgor[dde JON XX 


018 eg XX 98209 XX (GK XX 918 5 o dee CCC 160%. 
EE Ee, 
961.21 692'L 159 ot SEL og (AR 558.9 989'8 509. ‚»i„ » dd para Ra a DS euo1g 
889 T$ 10151 599 ‘FT 618 6 907 31 LYT 8 265 ‘TT 918‘L SSP 3 ' Te or d& E [9A913 pue puss 
961 St 881 TT 881 8 iD q SI COD uc — C d 
901˙T S6 096 08 L98 LZ PLS . 8I )))... ua d att 
LC 162 TLS 098. 882, 298 LUS. THE, --8u0jj10us put8n0Q3777777777 77777777777 7777777000000 0mm Kal) 
268 288 LYY 8 ZT P$ €09 ¿ 915 85 588 L 618 822 926'L --spa1req punod-9)¢ pues noa 777777777777 7707777777 uaua) 
a — — . — ̃. —— —ẽ — — 
(spugsnoq}) (spuvsnoy}) (spuesnoy}) (spuvsnoy}) 
Əən[Ig A quand onA quand en[eA Snuand en[eA A133ugeno 
[BISON 
2961 9961 9961 5961 


—— —ññ—ß—.! — — — — —ä— N 


oy oj1ong JO y Lo Luomo) o ur r uonənpoid [g1ə9urjA—¿ od. 


"goureg UBOLIOULY JO 3ueurul19AO:) IY} Aq ‘gowes ugoHeury 
sens) jo 3ueuruleAOr) 043 Aq ‘meny ‘uonVISIUlUIpY uOngIAN I *uone31odsusi, Jo 3ueurjiede(q S Aq pəqstuinJ nv pus uotueO 101 878P uot)onpo.d ç 
*(stəənpoid Aq uondunsuoo 3utpn[ouI) uononpoud ede 10 ‘sales “sjuəurdtus eum Aq pə1nsgəur su uorjonpoJq r 


*o[qeor[dde JON XX 
ne 
OST I$ 99 II Y I q 2 SOAR ODT EE pəusn:o) əuo1S :9x€ AA 
IS8 881 808 88 308 89 ors 69 %% mp pp eee ge sis (peysnid) euo3g :spus[s] UBA 
028 119 968 T 006 986 885 898 697 ee OD a ce pe ge eu Sale a 9u0}S :urgnz) 
JJ. (P ã⁊ ĩ P 8 --8uoj 310qQs puesnoq3777---7---7-7-7---7--7-----(p9?usnio) euojg :uo1u6O 
688 XX 888 XX TSP XX TS} e. GN CL n d Lc . CM OE 1870.L 
9e 001 L9Z vit 998 891 658 891 T OD n ² y PPP peusnio) euojg 
56 99 16 ZL 38 88 28 58 uo Logg pue8n0qg^^777777^77777 7777777777777 JPABIS pus puss 
:9uoZ [gugo 
áa—v n — kV. P T 
18 XX eg XX STI XX LET BO c c CC o E EE 1890], 
0c 86 ol ol 09 09 VES LST gek a a a əuo1sç 
L L 81 02 992 09 02$ oo F ↄ ² ⁰PD ̃ p JeABIZ PUB PUBS 
Pé 86 3838 PP | Lo: e Ql cC Sen one --suoj os pug8n0q3-777-7-7-7--77-7-77777777777777 77777777 sorting 
eo ge UgOLISUIV 
Be 
(Spussnoq3) (spussnou3) (Spuesnoqu1) (spuesnou1) 
ən]gA Amund 9n[gA A3nuenoó enn A hund onlvA quand IM 
2961 9961 9961 5961 


— ꝑ . E a ——————————————S 


z sehs PINUN IYI 4d pe1ojsrururpe spuv[st pue 9uo7 TEUVO oq) ut ; uoponpo1d fäeg 9 e 


130 


MINERALS YEARBOOK, 1967 


Table 8.—U.S. exports and principal minerals and products 


See footnotes at end of table. 


1966 1967 
Mineral Q € Q v 
uantity alue uantity ue 
(thousands (thousands) 
Metals: 
Aluminum: 
Ingots, slabs, erude short tons 188,240 $90,012 209,009 $99,961 
EE do. 48,666 , 239 54,531 17,686 
Plates, sheets, bars, etc. ...-------- do.... 86,396 71,272 96,275 70, 757 
Castings and forgings__-.--_---.--- kees 2,524 8,592 2,816 11,173 
Antimony: Metals and alloys, crude__short tons. . 29 24 82 75 
Bauxite, including bauxite concentrates 
: thousand long tons 62 4,275 2 218 
Aluminum sulfate.............short tons 22,059 652 16,173 531 
Other aluminum compounds. ....... do.... 353, 364 37,374 578, 627 51, 075 
Beryllium- -aasre anakaa unpa RE pounds 61,254 „083 76,117 530 
Bismuth: Metals and alloys............. do 89, 382 226 152, 684 395, 695 
Cadmium thousand pounds 379 795 691 ; 
Chrome: 
Ore and concentrate: 
xports thousand short tons 19 740 8 328 
Reesporta. 0..-- 173 7,119 157 5,422 
Chromic acid. .......... 2.2... 2... ll... 1 482 1 892 
Ferrochrome...............-.----------- rg 1,870 13 8,479 
ebe adden thousand pounds 1,021 1,822 1,498 2,367 
Columbium metals, alloys and other forms 
thousand pounds 7 249 6 841 
Copper: 
Ore, concentrate, composition metal and un- 
refined (copper content short tons 2,149 927 59,692 82,951 
Refined copper and semimanufactures 
short tons 819,314 838,184 200,078 213,604 
Other copper manufactures do , 934 7,804 , 570 7,472 
Copper sulfate or blue vitriol .. do.... 8,563 1,725 979 776 
Copper base allo ys do.... 56,311 60,069 78,218 75,809 
Ferroalloys: 
Ferrosilieon. 0-0- -------.--- do.... 5,812 2,004 11,774 8,228 
Ferrophosphorous. ...............- do 62, 942 2. 975 22, 901 847 
Ore and base bullion......... troy ounces... 49,117 1,719 112,578 8,940 
Bullion, refined................... -... 13,017,549 455,614 28,607,404 1,001,259 
Iron o re eer thousand long tons , 779 92,157 5,943 71,585 
Iron and steel: 
TA EE short tons 12,122 731 7,451 819 
Iron and steel products (major): 
Semimanufactures. .......- short tons.. 1,375,166 281,887 1,377,676 272, 160 
Manufactured steel mill products 
short tons. r 769,153 z 390,217 701,400 383, 201 
Advanced produe ts NA r 203, 659 NA 201, 938 
Iron and steel scrap: Ferrous scrap, includ- 
ing rerolling materials short tons 5,880,925 177,461 7,666,630 251, 286 
Pigs, bars, anodes. ................- do- 5, 435 3, 966 6,536 4,767 
%% ͥ eco eek owes do.... 498 165 394 198 
Magnesium: 
Metal and alloys and semimanufactured 
forms, n.e.c.......-...-...- short tons 15,448 10,240 13,173 9,115 
Manganese: 
Ore and concentrate do..... 16,487 1,491 15,375 1,502 
Ferromangan ese do- 545 228 1,861 760 
Mercury: 
Exports 76-pound flasks.. 357 197 2,627 1,281 
Reex ports do- 476 280 475 193 
Molybdenum: 
Ore and concentrates (molybdenum content) 
thousand pounds 29, 768 54,765 30, 000 51,434 
Metals and alloys, crude and scrap 
thousand pounds 59 251 50 131 
Wiles de A do.... 19 624 34 661 
Semifabricated forms, n.e.c. 
thousand pounds 12 398 292 702 
TEE do.... 120 502 241 434 
Ferromolybdenum................. do- 2, 200 4, 085 1,533 2,436 
Nickel: 
Alloys and serap (including Monel metal), 
ingota, bars, sheets, etc...... short tons r 21,458 r 38,631 26,169 53,225 
Catalysts__. l o. 3,135 6,589 3,441 9,387 
Nickel-chrome electric resistance wire 
| short tons.. 475 2,203 565 2,530 
Semifabricated forms, n.e.c.......... do.. 1,819 4,661 1,862 5,687 
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1966 1967 
Mineral S em Q vi 
uantity alue uantity alue 
thousands) thousands) 
Metals—Continued 
Platinum: 
Ore, concentrate, metal and alloys in ingots, 
bars, sheets, anodes, and other forms, 
including scra zz troy ounces... 102, 031 $13,414 161, 585 $19,248 
Palladium, rhodium, iridium, os mii idium, 
ruthenium, and osmium (metal and alloys 
including scrap zzz troy ounces 103,425 6,711 118,017 9,723 
Platinum group manufactures, except jewelry. NA 3,794 NA 2,378 
Rare earths: 
Cerium ore, metal, alloys and lighter flints 
I pounds.. 61,620 209 141,338 808 
Silver: 
Ore and base bullion_thousand troy ounces. . 369 476 2,365 4,242 
Bullion, refined................... do.... 85,169 110,057 68,404 91,718 
Tantalum: 
Ore, metal, and other forms 
thousand pounds 198 1,798 134 1,724 
E NS do.... 61 1,564 157 1,839 
in: 
Ingots, pigs, bars, etc 
VVV long tons 1. 866 6,985 2,050 6,962 
Reex porte do- 981 3,849 1,412 
Tin scrap and other tin-bearing material 
except tinplate serap - long tons 7,233 1,957 2,957 1,490 
Titanium: 
Ore and concentrate short tons 1,300 213 8,027 167 
Sponge (including iodide titanium and scrap 
short tons 1,733 1,988 1,429 1,703 
Intermediate mill shapes and mill products, 
EE short tons... 1,371 9,585 1,811 13,344 
Dioxide and pigmen ts. do- 26, 872 7, 601 25, 852 7,165 
Tungsten: Ore and concentrates: 
Eper. 8 do 98 223 944 2,932 
Rll Ä do 195 557 269 576 
Vanadium ore and concentrate, pentoxide, etc. 
i (vanadium content thousand pounds 1,771 4,226 1,575 4,043 
inc: 
Slabs, pigs, or blocks. short tons 1,406 749 16,809 4,287 
Sheets, plates, strips, or other forms, n.e.c. 
short tons 4,921 3,198 3,565 2,709 
Scrap (zine content)... do.... 4,469 702 1,665 5 
Semifabricated forms, n.e.c. ........ do.... t 3,034 r 1,894 2,161 1,177 
Zirconium: 
Ore and concentrate. . . do.... 2,311 326 2,729 360 
Metals and alloys and other forms. pounds.. 421,516 4,567 637, 612 6,909 
Nonmetals: 
Abrasives: 
Dust and powder of precious or semiprecious 
stones, including diamond dust and powder 
thousand carats.. 2,408 6,815 4,817 12,526 
Crushing bort ..--.--------------- do- 58 32 18 210 
Industrial diamonds. ............... do.... 1,097 4,470 148 924 
Diamond grinding wheels do.... 436 3,881 429 2, 946 
Other natural and artificial, metallic abra- 
sives and produe ts. NA 36,812 NA 84,290 
Asbestos: Ur manufactured: 
XDOfil8. Sic ee short tons 46,690 5,712 47,356 5,951 
E ee EE do 306 5 362 74 
Boron: Boric acid, borates, crude and refined 
short tons 207,359 20,682 186,482 18,710 
conet EE thousand 376-pound barrels. . , 069 4,83 980 4,452 
ays: 
Kaolin or china ela short tons 253,408 8,443 321,929 9,921 
Fire clay gg do 215, 534 3, 396 176, 367 2,789 
Other clay do 605, 625 19, 354 651, 366 19, 858 
FIUOISDRE elo od se oe deena: do.... 5,732 301 10,345 517 
Graphite... ovclomoscemcomerad bara o... 3,161 428 8,569 460 
Gypsum: 
Crude, crushed or calcines 
thousand short tons 88 1,458 39 1,707 
Manufactures, n.e.c_____._..------------- NA 1,216 NA 1,211 
Kyanite and allied minerals. short tons 17,389 1,181 21,428 1,408 
1§%d do... 59,848 1,195 52,143 1,099 
Mica sheet, waste and scrap and ground. pounds. 10, 810, 194 929 14, 301, 524 781 
Manufactured. ... ........... Lc cssc ss- do.... 7,556 1,612 526, 690 1,753 


See footnotes at end of table. 
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1966 1967 
Mineral i 
Quantity Value Quantity Value 
thousands thousands) 
Nonmetals—C ontinued 
Mineral-earth pigments: Iron oxide, natural and | 
manufactured short tons 4,758 $1,307 3,123 $1,312 
Nitrogen compounds (major) 
thousand short tons... 2,794 154, 559 2,911 165,008 
Phosphate rock... ...................... do.... 9,255 85,835 10,282 94,413 
Phosphatic fertilizers (superphosphates) 
thousand short tons 763 40,705 743 35,139 
Pigments and compounds (lead and zinc): 
Lead pigments. .......... short tons 2,599 1,044 1,909 772 
Zinc pigments. ...............- do.... 6,650 1,733 4,175 1,331 
Potash: 
Fertilize rr do --. 1,024,996 32,867 1,146,131 35,010 
, 8,489 5,292 60 4,886 
Quartz, natural, quartzite, cryolite and chiolite 
Se short tons 2,779 472 1,228 285 
alt: 
Crude and refined. thousand short tons 662 4,472 678 4,583 
Shipments to noncontiguous Territories 
thousand short tons 10 805 11 892 
Sodium and sodium compounds: 
Sodium sulfate__.....thousand short tons 28 779 28 856 
8 Sodium carbonate. ...............- do.... 346 12,249 804 9,914 
tone 
Dolomite, block. .................- do.... 101 1,692 113 1,756 
Limestone, crushed, ground, broken 
thousand short tons 1,207 3,500 1,159 3,496 
Marble and other building and monumental 
thousand cubic feet. NA 1,104 NA 958 
Stone, crushed, ground, broken 
thousand short tons 276 3,406 306 3,743 
Manufactures of stone NA 1,432 NA 1,203 
Sulfur: 
Crude thousand long tons 2, 326 78, 759 2,043 81,492 
Crushed, ground, flowers of 
thousand long tons.. 47 8,404 150 - 9,522 
š: a. crude and ground short tons 70,377 8,917 66,195 8,450 
ue 
perpen black. oes pounds 297, 281 28, 407 236, 032 24, 456 
oa 
Anthra cite thousand short tons 766 9, 755 595 7,622 
Bituminous. .................-.--- + RS 49,302 451,899 49,510 474, 853 
Briquets.___________ 8 do 120 „182 120 , 293 
Coke o re ee O.. 1,102 23,415 710 16,492 
Petroleum: 
Gee... thousand barrels. . 1,478 4,130 26,502 85, 565 
Gasoline O.. 2,369 14,274 , 603 19,106 
A cent nes sea eee do. 118 548 283 1,142 
N aphiha JJ 8 do 1,982 22,232 2,299 21,999 
Kerosine... v Geh do.... 249 2,214 158 ,26 
Distillate oil..................---- o... 6,251 18,407 6,054 17,650 
Residual oll 8 13, 275 29,102 22,148 43,793 
Lubricating oil.____ ------ do.... 14,7671 189,648 17,746 208,358 
Asphalt... .---------------------- do.... 434 3,705 348 , 167 
Liquefied petroleum gases do 8,171 30,007 9,269 32,182 
"b EE Occ 1,877 36,028 1,677 34,077 
Eeer do.... 16,235 49, 604 16,279 55,187 
Petrochemical feed stocks 0...- 2,698 14,894 2,988 15,344 
Miscellaneous o... 1,357 37,074 893 19, 455 


z Revised. 


NA Not available. 
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1966 1967 
Mineral SCH Guard v 
Quantity alue uantity alue 
thousands thousands) 
Metals: 
Aluminum: 
Metal. Bio i cuin cis short tons r 521,021 7 $217,013 449,716 $194,995 
SOAD ER do 83,616 0,782 80,489 10,040 
Plates, sheets, bars, eta do.... * 124,028 r 16,852 58,341 40,248 
Antimony: 
Ore Ierd content)............ do.... 12,460 4,754 10,517 4,090 
Needle or liquated. .... ........... do.... 63 42 29 18 
Metal WEE do.... 2,767 2,031 2, 654 1,849 
AE a TEE do. 5,383 3,998 5,098 3,762 
Arsenic: White (A&O; content) do. 18,675 1,477 27,075 2,508 
Bauxite: Crude thousand long tons 11,529 147,335 11,678 151,418 
Beryllium ore --------------- short tons 2,147 581 9,511 ,16 
Bismuth (general imports). ) pounds.. 1,681,472 6,243 1,879,729 5,172 
Boron carbide......................... do.... 183,321 513 14,620 469 
casu 
Mercal --------- thousand pounds 3,358 6,813 1,587 8,817 
Flue dust (cadmium content)--_. ` `` do.... 1,181 989 1,166 1,0 
Calcium: 
WCE AN sess ͤ pounds.. 85,941 72 423, 631 370 
Chloride short tons r 2,499 r 81 , 158 
Chromate: 
Ore and concentrates (Cr+Os content) 
thousand short tons 841 30, 879 568 21, 854 
Ferrochrome (chromium content) . - do. — 66 22, 076 39 13, 758 
Metal eege ée do 2 8,739 1 , 842 
Cobalt: 
Metal `... ----- thousand pounds 17,871 27,734 7,946 14,420 
Oxide (gross weight)............... do.... 1,279 1,411 1,044 ,670 
Salts and compounds (gross weight) 
thousand pounds 150 81 167 200 
Columbium ore do- 9,278 5, 678 7,481 5, 266 
Sopper: (co opper content) 

Ore and concentrates short tons 6,843 4,118 85,673 28,820 
Regulus, black, coarse... .......... do.... 127 8 35 
Unrefined, black, blister do 337, 955 272, 996 272, 728 218, 480 
Refined in ingots, etC- do- „7 63, 654 332, 065 811,164 
Old and scrap. .................... do.... 23,908 24,662 16,655 14,731 
Old and clippings .................- do.... 5,056 5,846 2, 549 2,479 

Ferroalloys: Ferrosilicon (silieon content) 
Qa short tons 13,133 4,610 15,337 4,456 
old: 
Ore and base bullion......... troy ounces. . 333,119 11, 698 219, 382 7,671 
NON ese ete nec eee ee do.... 866,926 30,306 710,487 24,876 
Iron ore thousand long tons 46,259 462,354 44,627 444, 079 
Iron and steel: 
Pig ien luu ub short tons. 1, 186, 739 45,914 605,234 27,599 
Iron and steel products (major): 
Iron producta. ........... short tons 96,452 7,776 84,452 9, 
Steel produe ts do.... 711,006,993 1,273,780 11,411,753 1,338,221 
SOPHDo. ilo ⁰km!m . es do 390, 205 7,67 215, 635 8,181 
Tinpldte. cee eee eee do.... 16,450 535 13,527 881 
Ore, flue dust, matte (lead content) 
short tons 63 , 850 13,871 144,156 29,111 
Base bullion (lead content). ........ do.... 1,928 575 677 1,224 
Pigs and bars (lead content do. 285, 788 75,312 863,696 88,697 
Reclaimed, scrap, etc. (lead content) 
short tons. 3, 956 886 9,368 1,951 
Sheets, pipe, and so do.... 919 283 1,212 822 
Babbitt metal and solder (lead content) 
short tons 781 3, 203 413 1,428 
Manutfseturen s do.... r 1,373 r 563 1,363 524 
Magnesium: 
Metallic and scrap. ---------------- do.... 3,265 1,613 9,213 4,909 
Alloys (magnesium content) do.... 689 1,656 854 1,529 
Sheets, tubing, ribbons, wire and other 
forms (magnesium content) . short tons 5 36 153 433 
Manganese: 
Ore (35 percent or more manganese) (man- 
ganese content)............- short tons.. 1,261,490 71,047 977,168 55,818 
Ferromanganese (manganese content) 
short tons 194 , 563 r 29,455 167, 548 26,108 
Mercury: 
Compounds ounds.. 16,340 94 14,011 14 
etal... 76-pound flasks. . 81,364 12,322 24,348 10,735 
Minor metals: Selenium and salts. .... pounds. . 286, 775 , 834 800,638 , 545 


See footnotes at end of table. 
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Table 9.—U.S. imports for consumption of principal minerals and products— Continued 


See footnotes at end of table. 


1966 1967 
Mineral ——[m  —- 
Quantity Value Quantity Value 
(thousands (thousands) 
Metals—Continued 
Nickel: 
Pigs, ingots, shot, eathodes .._ short tons r 112,886 $170,806 113,860 $193,848 
cor MCA ee do.... 941 709 1,104 1,240 
(0 Al TEE do 7,711 7,967 6,208 8,180 
Platinum | group: 
Unrefined materials: 
Grains and nuggets, including crude 
dust and residues troy ounces. . 86,700 9,498 41,798 5,195 
Lg AE ENER do 85 86 NA NA 
Osmiridium. .................. do.... 4,910 440 4,179 458 
Refined metal: 
Platinu mem do.... r 273,333 r 31,741 322, 764 88,282 
Palladium...................- do.... 902,376 28, 010 737, 082 27, 
EIERE do 8,161 1. 130 8,784 1, 505 
Osmium do 75 292 321 109 
Rbhodium ...................- do. 65,861 11,984 41,689 10,079 
. Ruthenium.................-- do.... 10,164 885 56,563 2,049 
um: 
Radioactive substitutes NA 2,104 NA 8,000 
Rare earths: Ferrocerium and other cerium alloys | 
- pounds 13,903 : 65 4,298 19 
ver: 
Ore and base bullion _thousand troy ounces. . 85,992 48,601 25,642 83,437 
Bullioůo nn do 27,040 32, 586 29, 878 43, 650 
. Goo eo eee thousand pounds. . 2,148 4,782 1,675 5,510 
n: 
Ore (tin content) long tons 4,372 12,467 8,255 1,695 
Blocks, pigs, grains, etc. ........... do.... 41,699 152,761 50,223 166,529 
Dross, omis, scrap, residues, and tin 
alloys, n.8.p.Í..............- long tons.. 108 124 449 462 
Tin foil, Bo dac flitters, ete_____ 2.2... NA 251 NA 449 
Titanium: 
Ilmen ite short tons. . 186,539 6,698 207 , 906 6,145 
bid TII do.... 151, ,482 8,494 167,100 19,566 
etal___ ee pounds 11,959, 375 10,854 14,960, 859 14,415 
Ferrotitaniu mm do 60, 46 21 ' 806, 817 85 
Compounds and mixtures do.... 96,465 373 17,495 96,251,565 16,726 
Tungsten: (tungsten content) 
Ore and concentrate. . thousand pounds 4,298 6,859 1,699 8,784 
Métal. eet 8 do. 885 666 129 524 
Ferrotungs ten do- 379 ). eet 
zi Other alloys. ..................- pounds. š 75,227 227 10,767 65 
nc: 
Ore (zinc content)...........- short tons 896,375 51,696 481,319 58,075 
ocks, pigs, and slabs. ............ do.... 280,807 75, 624 2,002 57,581 
7 NH PORE EPUM Tr do.... „7 670 648 276 
Qua, om and skimmings.- -- - - - - - - - do- 6,563 1,295 8,963 673 
33 uu Ed E ack do.... 1,286 898 8,771 1,211 
KE JJ d 8 A 545 NA 318 
Zirconium: Ore, including zirconium sand 
short tons. _ 57,976 1,652 59,308 1,891 
Nonmetals: 
Abrasives: Diamonds (industrial) 
thousand carats.. 18,569 69,110 17,102 68 , 559 
ao bg 8 short tons 126 , 459 78,100 645,112 65,748 
te: 
Crude and ground. ................ do.... 699,045 5,766 582,314 4,659 
Witbherite .......................- do 2,188 100 1,260 
Chemicals do 6, 552 927 5,248 682 
SR ee thousand 876 pound barrels. . 7,066 17,846 5,913 14,698 
lays: 
jc cC MP short tons 132 , 886 2,644 108 , 404 2,099 
Manufactured /%%%%%Cͤ 8 Ose 6,359 238 5,882. 252 
Crvolite.__. ee ee . u... O... sS. do 81,655 3,199 86,819 4,118 
Feldspar: Crude long tong.. .......... .........- 280 8 
Fluorsp ae short tons 878, 546 21, 968 911,870 24,485 
Gem stones: 
Diamond thousand carats.. 8,484 373 , 776 8,961 887 , 472 
Emeralds____ 620 ewe sce do.... z 218 r 5,914 242 : 
EIER cte ense ees 8 NA 46,987 NA 46,665 
Graphite hort tons 56, 748 2, 545 56, 675 „848 
Gypsum: 
Crude, ground, calcined 
thousand short tons. . 5,481 15,852 5,212 9,809 
Manufacture sss NA 1,429 NA 1,544 
Iodine, erugde --.---------- thousand pounds. . 7,188 5,984 8,459 9,171 
EE ort tons 8,405 141 1,821 75 
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1966 1967 
Mineral Gude ^ ydus vu "dudo — Vue — - val 
uantity alue uantity alue 
(thousands) (thousands) 
Nonmetals—C ontinued 
Lime: 
Hydrated..................- short tons 208 $5 545 $12 
Other uc oc e ceo ee oes do.... 151,708 1,772 79,983 961 
Dead-burned dolomite 1. do 49,637 2, 088 42, 418 1,832 
Magnesium: 
Magnesite -0-202 ---------- do.... 186,200 10,941 127,955 7,612 
i Compound do- 11,864 542 11,293 547 
ca: 
Uncut sheet and punch. - thousand pounds 3,247 8,993 1,783 1,990 
SOP: coc ꝛ⅛ð ea eee eae do 2,642 71 1.016 25 
Manufacturee s do- 7,585 6,670 5,440 8,378 
Mineral-earth pigments: Iron oxide pigments: 
Natural....................- short tons... 8,662 200 3,670 271 
Sentbhetie À. do. 15,234 2,626 14,034 2,626 
Ocher, crude and refined. .......... do.... 146 8 236 16 
Siennas, crude and refined do.... 1,192 145 951 104 
Umber crude and refined do.... 8,762 135 4,275 162 
Vandy kee do 554 49 272 24 
Nitrogen 5 (major), including urea 
thousand short tons 1,561 75, 974 1,688 883,922 
Phosphate, crude.....................- do 178 4,256 189 3,261 
Phosphatic fertilizer s. do 67 3,740 105 6,167 
Pigments and salts: 
d pigments and compounds-short tons. - 30,497 7,353 80,645 6,569 
Zinc pigments and compounds do.... 18,649 8,633 18,988 8,404 
B . ecd pu do.. 72, 644, 112 r 71, ,821 2, 925, 082 73 , 491 
Pumice: 
Crude or unmanufactured. ......... do.... 9,393 91 5,702 49 
Wholly or partly manufactured do.... 278,338 728 240, 273 580 
Manufactures, n.s.p.f... 2. 22 2-2 -.-- NA 25 NA 22 
"erri crystal (Brazillian pebble)...... pounds.. 1,470,841 896 1,049,544 780 
EE thousand short tons 2,479 6,464 2,843 8,541 
Sand and gravel: 
Glass sand. ......................- do.... 18 96 44 159 
Other sand and gravel............. do.... 631 811 588 758 
Sodium sulf ate do 287 3,981 291 4, 506 
Stone and whiting.. --.---------------------- NA 20,739 NA 19,823 
Strontium: Mineral...............- short tons 11,517 267 5,612 118 
Sulfur and pyrites: 
Sulfur: 
Ores and other forms, n.e.s. 
thousand long tons.. 1,614 38 , 525 1,474 47,612 
Pyrites____. i ce ee oe do 16 84 10 51 
j oo Unmanufactured. ........... short tons 21,908 834 15,361 658 
uels: 
Carbon black: 
Aeetvlene Lll... pounds.. 7,058,926 1,185 5,784,814 987 
ë pu lack and carbon black do.... 885,381 61 830,910 56 
oal: 
Bituminous, slack, culm and lignite 
short tons 177,672 1,654 227,838 1,992 
Brioueta. 2 2-2 eee do 10, 856 163 17,422 260 
Ë S EEN do.... 95,761 1,790 92,001 1,704 
eat: 
Fertilizer grade do.... 289,823 11,416 277,241 12, 088 
Poultry and stable grade do 4,020 199 ,601 189 
Petroleum thousand barrels. . r 940,489 72,208,589 925,806 2,207,884 
t Revised. 
NA Not available. 


! Dead-burned basic refractory material consisting chiefly of magnesia and lime. 
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Injury Experience and Worktime 


in the Mineral Industries 


By Forrest T. Moyer 


The overall injury experience for the 
mineral mining and processing industries 
was improved slightly in 1967. The totals 
of 508 fatalities and 31,380 nonfatal 
disabling injuries occurred at respective 
frequency rates of 0.27 and 16.83 per 
million man-hours of worktime. The com- 
parable data for 1966 were 544 fatal and 
32,823 nonfatal injuries at respective 
frequencies of 0.28 and 17.04 per million 
man-hours. 

Operating activity in most major seg- 
ments of the mineral industries, as gaged 
by man-hours worked, was generally at 
lower levels in 1967 than in the preced- 
ing year. In fact, coal mining was the only 
major segment for which there was an 
indicated slight gain in operating activity 
during 1967. 

Scope of Report.—These statistics com- 
prise the injury and work experience of 
all personnel engaged in production, ex- 
ploration, development, maintenance, re- 
pair, and force-account construction work, 
including supervisory and technical per- 
sonnel, and working partners at mineral- 


producing and miüneral-processing, estab- 
lishments in the United States. Data 
concerning  officeworkers are excluded 
except for the oil and gas industry for 
which such data are not separable. 

The coverage of all industries is com- 
plete except for oil and gas in which cov- 
erage varies from year to year particularly 
with respect to small companies. All data 
are final except those for most industry 
groups in 1967 which are preliminary . as 
footnoted. The 1967 data were collected 
and compiled by the Division of Statistics 
with some modification of procedures 
from those used in past years. 

Most of the information was reported 
by the producer or operator, but to ob- 
tain complete coverage it was necessary to 
estimate some worktime data for nonre- 
porting plants, using information from 
other sources. Injury experience for these 
nonreporters was not estimated, but was 
projected from the aggregate injury ex- 
perience of reporters in the same indus- 


try. 


MINERALS 


The combined safety record of opera- 
tions mining and processing nonfuel min- 
erals was improved in 1967. Fatal injuries 
totaled 191 or 13 fewer than in 1966. 
However, the fatality frequency rate of 
0.30 per million man-hours in 1967 was 
unchanged from the preceding year. An 
estimated 12,175 nonfatal disabilities oc- 
curred in 1967 at a frequency of 19.08 
per million man-hours. In 1966, there 
were 13,424 nonfatal injuries with a rate 
of 19.60 per million man-hours. 


METAL MINES AND MILLS 


At metal mines in 1967, there were 65 
fatal and 2,870 nonfatal injuries, both 
well below the corresponding total for 
1966. However, man-hours of work de- 
clined sharply owing to the work stop- 
pages at nonferrous operations. Ás a re- 
sult, the frequency rate of 30.70 for all 
injuries in 1967 was only 2 percent less 
than in 1966. On the other hand, the 
injury-severity rate of 5,838 days lost per 


1 Chief, Branch of Accident Analysis, Division 
of Accident Prevention and Health. 
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million man-hours was 2 percent higher 
than in 1966. 

At metal mills in 1967 there were seven 
fatalities, the same as in 1966, but non- 
fatal injuries increased to a total of 585. 
As a result, the frequency rate for all 
injuries rose to 12.61 in 1967. The injury- 
severity rate of 1,483 was slightly im- 
proved over that of 1966. 

Operating activity at copper mines and 
mills, as indicated by man-hours worked, 
was sharply lower in 1967, because of the 
work stoppages starting shortly after mid- 
year that closed a number of operations. 
At the mines, the number of injuries was 
reduced substantially and the injury-fre- 
quency rate was improved to 22.58 in 
1967. However, the injury-severity rate 
was less favorable and increased to 5,352 
days lost per million man-hours. The 
safety record at copper mills worsened 
appreciably. There were three fatalities in 
1967 compared with none in 1966; non- 
fatal injuries also increased to a total of 
110. The injury-frequency and injury- 
severity rates of 10.44 and 2,077, respec- 
tively, were well above those in any of the 
past several years. 

The safety record at gold-silver lode 
and placer mines and mills in 1967 
showed improvement in all general meas- 
ures except the severity rate at mines. The 
number of both fatal and nonfatal injuries 
was reduced at both mines and mills and 
the rates of occurrence were appreciably 
better than in 1966. Operating activity of 
gold-silver operations, as measured by 
hours of worktime, continued the down- 
trend shown in recent years. 

Injury experience at iron mines was 
improved over 1966 levels in all respects, 
with a marked reduction in the number 
of both fatal and nonfatal injuries. Like- 
wise, both the frequency and severity rates 
showed substantial improvement. How- 
ever, at mills treating iron ores, the num- 
ber of nonfatal injuries increased sharply 
and resulted in a substantial rise in the 
frequency rate of all injuries to 9.98 per 
milion man-hours. There was only one 
fatality in 1967 compared with three in 
1966. Hence, the injury-severity rate at 
mills was improved markedly. Operating 
activity at iron mines was off sharply in 
1967 as measured by the decline in man- 
hours worked. However, at iron-ore mills, 
the operating activity in 1967 showed 
litle change from the preceding year in 
man-hours worked. 
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At lead-zinc mines, the injury-frequency 
rate was improved over the 1966 rate ow- 
ing to a reduction in the number of non- 
fatal injuries. However, the 15 fatalities 
reported in 1967 equaled the 1966 num- 
ber and the severity rate of 8,563 was well 
above that of 1966. At lead-zinc mills, the 
frequency and severity rates worsened ap- 
preciably in 1967. Operating activity at 
both mines and mills, indicated by man- 
hours worked, was lower than in 1966, 
probably owing to the work stoppages in 
the latter part of 1967. 

The total of five fatalities reported at 
uranium mines was two fewer than in 
1966. However, there was a substantial 
increase in nonfatal injuries to a total of 
310 in 1967. As a result, the injury-fre- 
quency rate rose sharply to 46.95. With 
the fewer fatalities, the injury-severity 
rate was improved to 7,139 in 1967. Man- 
hours worked advanced markedly at the 
mines, but were only slightly higher at 
the uranium mills. The reduction in the 
number of nonfatal injuries resulted in a 
distinct improvement in the frequency 
rate at mills in 1967. No fatalities have 
been reported in milling operations since 
1964. The injury-severity rate for 1967 
fell to 342 days lost per million man- 
hours. 

The injury-frequency rate at miscel- 
laneous metal (molybdenum, titanium, 
mercury, bauxite, etc.) mines was im- 
proved sharply in 1967, owing to the 
lower number of nonfatal injuries. How- 
ever, fatalities increased by one to a total 
of eight and the resulting injury-severity 
rate retrogressed sharply. Injury experi- 
ence at mills associated with miscellane- 
ous metal mines was improved as the 
numbers of injuries and the frequency and 
severity rates were lower in 1967. 


NONFERROUS REDUCTION AND 
REFINING PLANTS 


The injury-frequency rate at primary 
nonferrous smelting, reducing, and refin- 
ing plants was improved moderately in 
1967 owing to the lower total of nonfatal 
injuries. There were nine fatalities in 
1967, the same as in the preceding year. 
However, the severity rate of injuries was 
moderately less favorable in 1967 because 
of the reduction in overall operating ac- 
tivity. 

The frequency rate of injuries was im- 
proved only at zinc and miscellaneous 
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metal smelters in 1967 and was less fa- 
vorable at copper, lead, and aluminum 
smelters and refineries. Primarily owing 
to improved fatality experience, the se- 
verity rates of injuries at copper and lead 
plants were improved substantially. Fatal- 
ity experience worsened at zinc, alumi- 
num, and miscellaneous metal plants in 
1967 and the severity rate of injuries in 
these groups was less favorable than in 
1966. 

Operating activity, as measured by 
man-hours worked, was sharply curtailed 
at copper and lead smelters and refineries 
because of the work stoppages in the last 
half of 1967. Activity at zinc plants was 
virtually unchanged from 1966 levels, but 
at aluminum and miscellaneous metal 
smelters and refineries operating activity 
was moderately increased over 1966 figures. 


NONMETAL (EXCEPT STONE) MINES 
AND MILLS 


The frequency rate of injuries at both 
nonmetal mines and mills was less favor- 
able than in 1966. The number of non- 
fatal injuries was slightly lower, but these 
decreases were more than compensated for 
by the declines in man-hours of work- 
time at both mines and mills. There were 
17 fatalities at mines and 13 at mills in 
1967 compared with 16 and 11, respec- 
tively, in 1966. However, the injury- 
severity rate at mines was slightly im- 
proved and at mills was virtually 
unchanged from 1966. 

Injury experience at clay-shale mines 
was improved in 1967 and both the fre- 
quency and severity rates of injuries were 
lower than in 1966. However, at clay- 
shale mills the total of six fatalities was 
double that of 1966, and the injury-sever- 
ity rate was less favorable. The safety 
records at mines and mills in the gypsum 
industry were improved in both the fre- 
quency and severity rates. Nonfatal in- 
junes at mines in 1967 were less than 
half the number reported the preceding 
year. One fatal injury occurred in 1967 at 
a gypsum mine, but there were no fatal 
accidents at gypsum mills. 

At phosphate-rock mines and mills, the 
general measures of injury experience 
were improved in all instances except the 
injury-frequency rate at mines which was 
less favorable than in 1966. There were 
four fatalities at phosphate-rock opera- 
tions in 1967 compared with eight the 
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preceding year. At potash mines, both the 
frequency and severity rates of injuries 
were improved appreciably in 1967. 
However, at potash plants the totals of 
two fatal and 50 nonfatal injuries re- 
sulted in worsened frequency and severity 
rates. 

The number of nonfatal injuries in- 
creased sharply at salt mines and resulted 
in a virtual doubling of the injury-fre- 
quency rate in 1967. There was a slight 
improvement shown in the severity rate 
compared with 1966. At salt mills, the 
injury-frequency rate was only slightly 
higher than in 1966. However, the se- 
verity rate in 1967 was only about one- 
fourth that of 1966 due to the absence of 
fatalities in the current year compared 
with two reported for the preceding year. 

Injury experience at sulfur mines retro- 
gressed in 1967 for which two fatalities 
were reported. The injury-frequency rate 
was slightly higher and the severity rate 
sharply higher than in the 1966 record of 
sulfur mines. 

Injury frequency was improved at both 
mines and mills producing miscellaneous 
nonmetals (barite, boron minerals, feld- 
spar, fluorspar, magnesite, mica, talc, and 
other nonmetals n.e.c.). This improve- 
ment resulted from a reduced number of 
nonfatal injuries in 1967. However, the 
number of fatalities was increased to a 
total of eight at mines and mills. This 
less favorable fatality experience resulted 
in markedly higher injury-severity rates 
at both mines and mills in 1967. 


STONE QUARRIES AND MILLS 


The overall safety record at stone 
quarries and mills was improved in 1967. 
Fatalities totaled 45 or six less than in 
1966 and the number of nonfatal injuries 
was reduced by more than 300 to 3,260. 
The injury-frequency and injury-severity 
rates were substantially below those of 
1966. 

At cement quarries and mills, the 
injury-frequency rate showed virtually no 
change from the 1966 level. The severity 
rate was lowered appreciably, owing to 
the lower number of fatalities in 1967. 

In the lime, limestone, marble, sand- 
stone, and miscellaneous stone industries, 
both the frequency and severity rates of 
injuries were improved, largely by reduc- 
tions in the numbers of injuries in each 


of the industries. 
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At granite quarries, there was a slight 
increase in the injury-frequency rate. 
However, the severity rate for this indus- 
try was improved in 1967 although there 
were three fatalities compared with two 
in 1966. The safety records for both the 
slate and traprock industries worsened in 
1967. Increased numbers of fatal and 
nonfatal injuries in the slate industry re- 
sulted in higher frequency and severity 
rates in 1967. At traprock operations, the 
injury-frequency rate was changed only 
slightly from 1966 but, because of three 
additional fatalities in 1967, the injury- 
severity rate was appreciably higher. 


SAND AND GRAVEL OPERATIONS 


The safety record of sand and gravel 
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operations in 1967 was changed only 
slightly from that of 1966. There were 
fewer fatal and nonfatal injuries in 1967, 
but this resulted largely from the reduced 
rate of operating activity as gaged from 
the man-hours worked. As a result, the 
injury-frequency rate improved slightly 
from 1966. However, the injury-severity 
rate was less favorable than in 1966. 


SLAG (IRON-BLAST-FURNACE) OPERATIONS 


Injury experience at slag operations in 
1967 was not favorable. As the number of 
injuries increased sharply, the frequency 
rate was well above that in 1966. There 
were three fatalities in 1967, and as a 
result, the severity rate was advanced ap- 
proximately eightfold. 


MINERAL FUELS 


The overall safety record of the min- 
eral-fuels industries was virtually un— 
changed from 1966. The fatality experi- 
ence was improved slightly in that the 
317 reported cases occurred at a fre- 
quency rate of 0.26 in 1967, compared 
with 340 cases at a rate of 0.27 in 1966. 
The frequency of nonfatal injuries in 
1967 was 15.67 compared with 15.64 in 
1966. 


COAL MINES 


Injury experience (fatal and nonfatal) 
of the coal-mining industry was improved 
in 1967. The frequency rate of 42.12 in- 
juries per million man-hours of exposure 
was 4 percent lower than in 1966 and the 
severity rate (7,204 days lost per million 
man-hours) decreased 7 percent. 

The fatality count of 220 was 13 lower 
than in 1966 and was the lowest annual 
total in recorded history. The year 1967 
was the sixth in statistical history in 
which no major disasters occurred in the 
Nation’s coal-mining industry. The five 
preceding years were 1949, 1950, 1955, 
1956, and 1964. 

Nonfatal injuries totaled 10,164 in 
1967, a decrease of 3 percent from 1966 
and a record low annual figure in com- 
plete records back to 1930 when nearly 
100,000 nonfatal injuries occurred at coal 
mines. 

The average number of men working 
on active days was 144,350, or 1 percent 


fewer than in 1966. However, the mines 
were active an average of 4 days more 
for a total of 216 days in 1967. As a re- 
sult, aggregate worktime of 246.5 million 
man-hours was 1 percent above the 1966 
total. 

Employment and injury statistics for 
1967 are based on final data for anthra- 
cite mines and preliminary data for bi- 
tuminous-coal and lignite mines. 

Bituminous-Coal and Lignite Mines.— 
According to preliminary data, the safety 
record of bituminous-coal and lignite 
mines continued to improve in 1967. The 
combined (fatal and nonfatal) frequency 
rate of 41.71 injuries per million man- 
hours of exposure was 3 percent lower 
than in 1966 and the severity rate of 
7,293 days lost per million man-hours 
decreased 8 percent. 

In all, 211 men were killed in bitumi- 
nous-coal and lignite mines during 1967 
at the frequency rate of 0.90 per million 
man-hours of exposure. This rate was only 
slightly above the all-time low of 0.89 in 
1953. Of the total fatalities, 165 occurred 
underground, 12 at surface operations, 21 
in strip mines, two in auger mines, and 11 
in mechanical-coal cleaning plants. In 
underground workings, the principal 
causes of fatalities (falls of roof or face 
and haulage) declined in 1967. Deaths 
from falls of roof or face dropped 15 per- 
cent from 110 in 1966 to 94 in 1967 and 
fatal haulage accidents decreased 28 per- 
cent from 40 in 1966 to 29 in 1967. 
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The 1967 frequency rate of 40.81 for 
nonfatal injuries represented a 2-percent 
improvement over that of 1966. It was 
the second lowest annual rate, bettered 
only by that of 39.15 in 1959. 

Employment increased slightly to a 
total of 136,600 in 1967. The average 
number of active days increased from 213 
in 1966 to 216 in 1967. Man-hours of 
worktime increased 2 percent which re- 
sulted in a workyear of 1,714 hours per 
man—22 more than in 1966. 

Anthracite.—Injuries in the anthracite 
industry in 1967 decreased in frequency 
of occurrence but their severity rate was 
higher. The frequency rate of 50.00 per 
million man-hours was 18 percent lower 
than in 1966 but the severity rate of 5,511 
increased 23 percent, owing to the larger 
number of fatalities. 

Fatal injuries totaled nine, or three 
more than in 1966. Deaths occurred at 
the rate of 0.73 per million man-hours in 
1967 compared with 0.44 in 1966. Eight 
of the deaths in 1967 occurred in under- 
ground workings and one at a strip mine. 
Of the underground fatalities, seven were 
caused by falls of roof or face compared 
with five in 1966. Two deaths resulted 
from machinery accidents—one under- 
ground and one at a stripping operation. 

A total of 609 nonfatal injuries oc- 
curred in 1967 at the rate of 49.27 per 
million man-hours worked. Compared 
with similar data for 1966, nonfatal in- 
juries decreased 27 percent in number 
and 19 percent in frequency. 

Employment at Pennsylvania anthracite 
mines continued to decline in 1967. An 
average daily working force of 7,750 men 
worked 219 days, accumulating 12.4 mil- 
lion man-hours. This was a 17 percent 
decline in the average number of men 
working daily and a 10-percent drop in 
the total man-hours when compared with 
1966. The men worked 16 more days 
than in 1966 and averaged 1,595 hours 
each per year—124 more than the aver- 
age per man last year. 


COKE OPERATIONS 


Injury experience in the coking indus- 
try worsened appreciably at both slot- and 
beehive-oven plants. There were nine 
fatal and 226 nonfatal injuries, respec- 
tively, six and 35 more injuries than in 
1966. As a result, the frequency rate of all 
injuries advanced to 6.03 per million 
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man-hours and the severity rate to 1,602 
days lost per million man-hours. Operat- 
ing activity was lower in 1967 as indi- 
cated by the 4-percent decline in man- 
hours worked. 

Slot Ovens.—Five fatalities, two more 
than in the preceding year, and 201 non- 
fatal disabilities occurred at slot-oven 
plants. The frequency rate of all injuries, 
5.34 per million man-hours, was 35 per- 
cent higher than in 1966. Likewise, the 
severity rate retrogressed to 963 days lost 
per million man-hours compared with 658 
in 1966. Man-hours worked in 1967 were 
3 percent less than in the preceding year. 

Beehive Ovens.—Four fatalities were 
reported at beehive plants, the first since 
1962. There were fewer nonfatal injuries 
in 1967 but, because of the greatly re- 
duced worktime, the frequency rate of 
all injuries was nearly double that of 
1966. The injury-severity rate in 1967 
advanced to 67,561 days lost per million 
man-hours. 


OIL AND GAS OPERATIONS 


Injury experience in the oil and gas 
industry was slightly better during 1967 
than in 1966. However, the measures of 
experience fluctuated from item to item. 
The total number of injuries in the indus- 
try increased less than 1 percent, which, 
coupled with a 2 percent decrease in 
worktime, resulted in a 2 percent increase 
in the combined injury-frequency rate to 
9.44 injuries per million man-hours 
worked. The disabling injury-severity rate 
of 981 days lost per million man-hours of 
exposure in 1967 was 7 percent below the 
similar rate for 1966 principally because 
of a 15-percent decrease in the number of 
fatalities reported. 


PEAT 


Injury experience at operations extract- 
ing and processing peat during 1967 de- 
teriorated drastically. Although no fatal 
accidents occurred during 1967, all other 
measures of experience were much less 
favorable than in 1966. The number of 
injuries increased 50 percent and the rate 
of occurrence increased 54 percent to 
19.11 per million man-hours worked. The 
disabling injury-severity rate in 1967 was 
733 days lost per million man-hours, 97 
percent higher than in the previous year. 

Peat plants operated an average of 187 
days during 1967, 2 percent more than in 
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1966. Employment and man-hours de- rate of occurrence. No fatalities were re- 


creased 3 to 2 percent, respectively. ported during 1967, for the first time since 
1962, therefore, the disabling injury- 
NATIVE ASPHALT severity rate declined 62 percent, from 


A total of 33 disabling work injuries 7:972 in 1966 to 2,985 in 1967. 
occurred at native asphalt plants during Employment and man-hours increased 


1967 at a frequency of 40.21 per million 7 and 2 percent, respectively, while the 
man-hours, representing increases of 13 average number of days active declined 6 
percent in number and 1 percent in the percent. 


Table 1.—Employment and injury experience at metal mines in the United States 
by industry groups 


Man- Man- Number of Injury rates per 
Average Average days hours injuries million man-hours 
Industry and year men working days worked worked ——— P —————————— 
aily active (thou- (thou- Fatal Non- Fre- Se- 
sands) sands) fatal quency verity 
Copper: 
I983..-22 23x 14, 547 297 4,326 34,611 14 908 26.64 4,199 
1964. „— 15, 820 288 4, 549 36, 323 13 1,034 28.82 3,468 
1965.2 16,880 298 5,033 40,285 19 896 22.71 4,348 
1966__..._..---- 16,278 317 5,164 41,323 23 976 24.18 4,856 
1967 »..........- NA 3,743 29,935 18 660 22.58 5,352 
Gold-silver (lode-placer) 
5 SE 4,823 210 1,015 8,162 6 265 33.20 6,405 
191 uns 4,312 228 983 1,885 4 208 26.89 3,956 
19 ; essata 4,074 241 982 7,896 4 264 33.94 5, 970 
1966 3, 847 236 907 7,254 10 305 43.42 9, 846 
1967 9%. --.- 3, 600 237 855 6, 845 8 265 39.60 10, 022 
Iron 
1963 26252202653 18,353 251 3,357 27,079 10 402 15.21 3,339 
1964. 14,189 258 3, 659 29, 443 12 452 15.76 3,309 
1965...... 8 14,439 273 3,942 31, 752 5 510 16.22 1,727 
196 14, 056 277 3, 898 31, 360 13 553 18. 05 3, 526 
1967 p____.. 12,800 282 3, 600 28, 860 11 480 16.94 2, 846 
Lead-zine: 
1963_____.. 7,443 234 1,738 13,901 6 961 69.56 5,076 
1964. 8,158 260 2,118 16, 969 19 1,038 62.19 10,113 
1985 .. 8,805 259 2,279 18,240 17 1,089 60.64 8,128 
19666 8,692 261 2,273 18,212 15 1,096 61.00 8,108 
1967 P... ..---- 7,800 252 1,962 15,725 15 915 59.01 8,563 
Uranium 
196383882. 5, 086 199 1,011 8,163 4 348 43.12 4,531 
1964. 4,772 203 969 1,833 4 349 45.07 6,401 
19652500 2 oos 3,654 211 771 6,205 10 282 47.06 12,144 
1966 3, 604 204 735 5,945 7 210 36.50 8,845 
1967 9%%.è.... 3,700 223 834 6,750 5 310 46.95 7,139 
Miscellaneous: 

963... .....-.-- 2,592 251 650 5,196 1 191 36.95 2,613 
1964. 2, 514 286 718 5, 750 3 185 32. 69 4,755 
198338 C 3, 568 276 987 1,898 3 251 32.16 3,467 
19666 3, 443 281 967 7,762 7 295 38.91 7, 555 
1967 9 .ẽ 3, 300 285 933 7,460 8 245 33.91 8,607 

Total:! 
1963............ 47,844 253 12,096 97,111 41 3,075 32.09 4,212 
1964. 49,765 261 12,996 104,204 55 3,266 31.87 4,833 
1965... ........- 51,420 212 13,994 112,277 58 3,292 29.84 4,704 
1966. 49, 920 279 13,944 111,857 75 3, 435 31, 38 5, 736 
1967 v NA NA 11,926 95,575 65 2,870 30.70 5, 838 
p Preliminary. NA Not available. 


1 Data may not add to totals shown because of rounding. 
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Table 2.—Employment and injury experience at metal mills in the United States 


by industry groups 
Man- Man- Number of Injury rates per 
Average Average days hours injuries million man-hours 
Industry and year menworking days worked worked ———— —Ks—T Aqs n“ — 
daily active (thou- (thou- Fatal Non- Fre- Se- 
sands) sands) fatal quency verity 
Copper 
1963............- 4,839 320 1,550 12,402 1 91 7.42 1,545 
IT EE 5,062 316 1,600 12,800 1 89 7.03 883 
1960... 22222 5,190 335 1,737 13,897 ...... 90 6.48 864 
196606 8d 5, 869 344 1,847 14,765 ...... 75 5.08 394 
1997777 — l NA NA 1, 376 11, 010 3 110 10.44 2,077 
Gold-silver (lode-placer): 
1963__..... . . . 335 263 88 78 25 35. 31 768 
1964. 318 282 90 716 ...... 13 18.14 361 
1968 388 258 100 798 24 30.09 563 
196 ....---- 406 287 117 984 1 31 34. 26 8,479 
i 1967 p___. ....-- 300 283 98 78 25 29.26 4,877 
ron 
1963__._.... . f 4,856 287 1,392 11,189 ...... 65 5.81 283 
19644. 5, 534 298 1, 622 12, 944 1 103 8. 03 719 
1965-....... 6,334 288 1,823 14,651 1 121 8.33 718 
1966 6, 293 299 1,881 15,090 8 117 7.95 1,615 
1967 p____ .Q 6,100 305 1,875 15.030 1 150 9.98 1,049 
Lead-zinc 
19633 1,356 229 310 2,484 2 65 26.97 1,093 
1964...........- 1,285 267 343 2,781 1 46 17.21 2,883 
196555 1,271 278 353 2, 825 2 76 27.61 5,061 
196 1, 449 268 389 8,104 ...... 77 24. 81 2,290 
1967 999 . 1,400 251 354 2,835 1 80 27.86 8,430 
Uranium 
1963...........- 1,796 215 494 3,988 ...... 15 18.81 404 
1964... 1,441 300 432 3,560 1 59 16.85 2,142 
19ep • 1,248 313 391 8,112 ...... 71 22.81 1,713 
1966 1,420 297 422 3,398 ...... 69 20.31 1,291 
1967 5 1,500 281 427 9,420 ...... 55 16.38 842 
Miscellaneous: 

963........--..- 4,834 339 1,638 13,103 2 89 6.94 1,134 
1964. 4, 735 329 1. 560 „492 1 96 7.77 873 
1965655 5,058 331 1,671 13,378 90 6.73 221 
19666. 5, 238 325 1.701 13, 760 3 206 15. 19 2,192 
1967 979 5, 600 315 1.751 14, 010 2 170 12. 20 1,177 

'Total:! 
19633. 18,016 304 5,472 43,874 5 410 9.46 1,293 
1964. 18,375 307 5, 646 45,243 5 406 9.08 1,045 
1965... ͤ 19,484 312 6,074 48,657 8 472 9.76 793 
19666. 20, 175 315 6,357 51, 050 7 575 11.40 1, 563 
1967 . NA NA 5, 881 47, 095 7 585 12. 61 1,488 


P Preliminary. NA Not available. : 
1 Data may not add to totals shown because of rounding. 
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Table 3.—Employment and injury experience at primary nonferrous reduction and refinery 
plants in the United States, by industry groups 


Industry and year 


Zine: 


1967 7999 
Aluminum: 
19 


P Preliminary. 


Average 
men working 
d 


aily 


Average 


days 
active 


Man- 
days 
worked 
(thou- 
sands) 


11,740 
12,158 
13,959 
13, 722 
12,839 


Man- 
hours 
worked 
(thou- 
sands) 


27,579 


109,257 
102,620 


1 Data may not add to totals shown because of rounding. 


Number of 
injuries 


Fatal 


CO bt pad tN Ot Go 4 bo 


= æ — em em = 


Non- 
fatal 


Injury rates per 


million man-hours 


Fre- Se- 
quency verity 
12.36 1,020 
13.13 751 
10.91 1,257 
13.21 1,673 
13.46 1,219 
10.84 2,057 
11.33 2, 353 
13.37 2, 897 
16.98 3,392 
23.51 1,546 
15.61 1,498 
17.55 1,622 
15.18 1,897 
18.39 895 
15.96 2,498 
6.70 889 
5.71 790 
5.40 629 
4.47 368 
4.56 463 
7.71 1,888 
5.65 155 
5.67 1,795 
5.97 763 
5.59 1,093 
10.25 933 
10.30 1,005 
8.97 1,173 
9.85 985 
9.22 1,058 
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Table 4.—Employment and injury experience at nonmetal (except stone) mines in the 
United States, by industry groups 


Man- Man- Number of Y rates per 
Average Average days hours injuries million man-hours 
Industry and year men working days worked worked ` B. a——  —Ñ————PI<FNR 
aily active (thou- (thou- Fatal Non- Fre- Se- 
sands) sands) fatal quency verity 
Clay-shale: 
1963 C 4,651 199 927 7,490 1 192 25.77 1,659 
1964. 5, 450 212 1,156 9,366 7 254 27.87 6,169 
1965...........- 5,544 220 1,217 9,877 4 291 29.87 4,034 
1966...........- 5,776 219 1,266 10,316 2 281 27.43 2,147 
197 8E 5, 200 225 1. 18 9, 590 2 250 26.49 1,975 
Gypsum 
198338 . 992 256 254 2,051 1 23 11.70 8,841 
1964. 1,019 255 260 2,091 t2 15 7.17 
19652. up: te 255 247 2,001 2 19 10.49 6,439 
19898 935 244 228 1,848 ...... 23 12.45 3,743 
1967 p... 900 249 222 1,800 1 10 7.23 3, 628 
Phosphate rock: 
196388 2,012 279 561 4, 536 3 72 16. 53 5, 088 
1964. 2, 124 296 629 5, 063 2 92 18.57 9,410 
1968. cs 2,507 294 738 5, 962 2 122 20.80 2,460 
1966... 3,183 302 960 7,791 5 161 21.31 4,829 
1980 —?“ öͤ 3, 200 272 865 6, 990 3 160 23. 32 3, 554 
Potash: 
1 9«öo o sc 1,723 353 608 4,851 19 206 46.38 24,431 
064 DEE 2,022 333 673 5,384 4 171 32.50 6,188 
OGG sese 1,753 357 625 5,004 1 192 38.57 4,334 
196 1,934 357 690 5,516 4 209 38.61 5,663 
- 1967 p... ` 1,900 828 627 5,015 3 165 33.09 4,713 
alt: 
1988 1, 532 270 414 3,443 3 113 33.69 5,214 
1964. 1,551 273 423 3,487 1 122 35.27 4,335 
19853535 ns 1,638 279 457 3,745 3 97 26.70 7,103 
1963 1,809 279 504 4,104 2 90 22.42 4,371 
1967 7959 1,800 266 470 3,890 2 170 43.68 4,318 
Sulfur 
8 1,366 361 493 4,247 1 61 14.60 1,816 
1964. 1, 813 363 476 4,106 ...... 53 12.91 
1965............ 1,371 363 497 4,466 2 55 12.76 3,073 
1966 1,491 360 537 4,632 ...... 54 11.66 1,985 
1967 . 1,600 365 588 4,700 2 55 11.91 2,924 
Miscellaenous: 
1968938 —-ʃl 3,294 228 733 5,921 3 190 82.60 4,117 
1964. 3, 608 228 803 6,479 4 199 81.33 4,993 
1963223203255 72 3,431 242 831 6,706 7 213 32.81 9,127 
196 3, 599 234 841 6, 796 3 240 35. 76 3, 810 
1967 55. 8,400 235 798 6,440 4 220 85.09 4,'124 
Total:! 
1963...........- 15,570 256 3,990 32,539 81 857 27.29 6,630 
1964. 17, 087 259 4,420 35,977 18 906 25.68 4,389 
1965... ics 17,214 268 4,612 37,761 2 989 26.75 5,048 
1966 .........-- 18, 727 268 5,027 41,003 16 1,058 26.19 3,586 
1967 5. 18,000 264 4,750 38 , 430 17 1,030 27.27 3,511 


p Preliminary. . 
1 Data may not add to totals shown because of rounding. 
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Table 5.—Employment and injury experience at nonmetal (except stone) mills in the 
United States, by industry groups 


Man- 
Average Average days 
Industry and year menworking days worked 
daily active (thou- 
sands) 
Clay-shale: 
1983 —U d- 15, 746 250 3, 942 
1964 15, 250 261 3, 982 
ö s duces 14,136 264 3, 738 
1966. — ——ꝑS 15,603 270 4,214 
1967 9. 15,900 256 4,067 
Gypsum: ! 
1963............ 1,615 289 466 
1964..... nc 1,589 278 442 
1965... eege 2,890 283 817 
1966___....-.--.-.- 2,589 269 696 
1900 — 2,200 266 588 
Phosphate rock: 
196838 2, 297 310 712 
1964. 2, 163 319 690 
19888 ĩͤ . 2, 476 312 773 
196 1,948 335 653 
1967 5... ——ͤbI 2,000 297 607 
Potash: 
19333ͤüͤü ĩð 1, 020 330 337 
1964. 1, 003 332 333 
1965 8 1, 126 357 402 
196 — 1,030 360 371 
1967 P... lox 1,000 347 344 
Salt 
1968_....... .. 4,539 301 1,368 
1964_____... 4,870 289 1,405 
1965. 3, 909 284 1,109 
1966............ 3,814 292 1,112 
1967 pn -.--- 3,700 283 1,047 
Sulfur: 

963...........- 20 300 6 
1964. 11 273 3 
1968838 —I-r 10 300 3 
1966......-. cec 2 300 1 
1967 5... oues (3) 250 (4) 

Miscellaneous: 
1963 soe 8 8,495 309 2,621 
1964_.......... 7,081 291 2,06 
EE 6, 668 296 1,976 
1966 7,015 286 2, 006 
C 6, 700 289 1, 940 
Total: 2 

TN ..-.- 33,732 280 9,452 
1964__...... . 31,967 279 8,914 
19655 31,215 283 8,819 
1966... 32, 001 283 9,052 
1967 A 31, 500 278 8, 593 


p Preliminary. 


Man- 
hours 
worked 
(thou- 
sands) 


31, 762 
32,058 


Number of 
injuries 


Fatal 


emm ep m o 
— « en ep ep 
- — = = — 
- T»  " em 


Non- 
fatal 


881 
1,011 
0 


— = = = ep em 


1 Beginning with 1965, includes data on certain mills not reported in prior years. 


2 Data may not add to totals shown because of rounding. 
3 Less than 50. 

* Less than 500. 

5 Less than 2,500. 

6 Less than 3. 


Injury rates per 
million man-hours 


Fre- 


quency 


Se- 
verity 


836 
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Table 6.—Employment and injury experience at stone quarries and mills in the United 
States, by industry groups 


Man- Man- Number of Injury rates per 
Average Average days hours injuries million man-hours 
Industry and year men working days worked worked ——— f P — P< v %—N  — -—. 
daily active (thou- (thou- Fatal Non- Fre- Se- 
sands) sands) fatal quency verity 
Cement: 1 
19688 — 24, 956 309 7,715 61, 727 7 306 5.07 950 
1964 23,017 318 7,323 58,592 8 303 5.31 1,017 
1966-_.._......-.- 22,947 319 7,322 58,563 10 331 5.82 1,399 
196 22, 611 326 7,381 59, 044 6 359 6. 18 1,245 
1967» ......... 22,200 318 7,054 56,485 4 345 6.21 1,132 
Granite 
TRECE 8,131 234 1,900 15,797 13 423 27.60 7,388 
1964. 8,743 236 2,065 17,076 6 466 27.64 3, 753 
1965... 8,956 243 2,176 18,284 6 409 22.70 2,966 
1966. ........... 8,141 246 2,005 16,756 2 412 24.71 3,069 
ii 1967 999 . 7, 600 249 1,889 15, 795 3 400 25.52 2,370 
ime: 1 
19636. 7, 439 300 2, 230 17, 890 3 237 13.42 1,716 
1964............ 6,956 304 2,117 17,026 5 296 17.68 2,310 
196656ꝙ2e— 7,671 291 2, 234 17, 958 4 282 15.93 1,808 
1966 ----..---- 7,467 299 2, 236 18,039 6 345 19.46 3,269 
1967 5 . 7, 600 281 2,146 17,230 4 285 16.83 2,123 
Limestone: 
196 __.__-.---- 33,093 230 7,603 64,500 29 1,499 23.69 3,958 
19644. . 31,660 236 7,482 63,476 34 1,424 22.97 4,468 
1965858 32, 872 240 7,904 67, 038 21 1,448 21.91 3,182 
196 30, 380 245 7, 434 63, 422 30 1,542 24.79 4,385 
1967 99 31,100 245 7,610 64,795 26 1,430 22.44 3,333 
Marble 
1963..........-- 2,792 254 710 5,763 1 168 29.33 3,454 
1964... 2,602 258 671 5,4558 174 31.89 581 
1968858 2, 534 249 631 5,165 2 181 35.43 3,303 
1966...........- 2,953 255 753 6,178 1 213 34.64 2,523 
1967 ».........-- 2,900 251 725 6,080 ...... 190 31.09 1,115 
Sandstone: 
1963... ĩðͤ 5,982 222 1,329 11,096 2 334 30.28 2,844 
1964. --- 5,427 221 1,197 9,779 4 282 29.24 3,180 
TEEN 5, 745 227 1,305 10, 696 4 278 26.36 3,192 
1966 — 5,447 240 1,308 10,895 3 314 29.10 2,739 
ei 1967 7799. 5,000 241 1,202 9,995 ...... 240 24.22 626 
ate 
1933 —é“¾ 1. 270 264 335 2.419" ees 103 37.88 1,047 
19944. f 1, 402 263 369 2, 993 1 86 29.07 3, 035 
19655. sm 1,232 262 322 2,630 ...... 84 31.93 723 
1966 —— 1,376 266 366 2,975 1 79 26. 89 2, 762 
1967 5 5. 1,400 264 357 2,915 3 95 34.31 6,844 
Traprock: 
1989 ze 6,254 216 1,351 11,146 2 319 28.80 2,014 
TT 8 5,417 208 1,125 9,401 2 240 25.74 2,285 
196585 - 5, 530 213 1. 180 9, 855 1 215 21.92 1,166 
1966 — 5, 562 221 1. 231 10, 263 1 241 23. 58 1,975 
1967 v5. 4,700 224 1,057 8, 795 4 205 23.88 3,312 
Miscellaneous: 

963 EE 2,043 186 379 3,046 4 79 27.25 8,524 
1964__________-- 2,635 199 525 4,200 1 96 23.10 1,799 
19 %§öÜ%ͤ 8 2,093 220 460 3,811 ...... 77 20. 21 1,416 
1966 1,889 211 398 3,216 1 78 24.56 2,528 

e Ee „ 1. 800 217 393 3, 175 1 65 20.47 2, 333 
otal: 
196388. 91, 960 256 23,553 193, 685 61 3, 468 18.22 2,913 
1964. 87, 859 260 22,873 188, 000 61 3, 367 18.23 2,761 
1966565 ͤU — —]— 89, 580 263 23,535 194, 000 48 3, 305 17.28 2,330 
196 85, 826 269 23,113 190,787 51 3, 583 19. 05 2, 852 
1967 vv.. 84, 300 266 22,434 185, 260 45 3, 260 17.83 2,286 


P Preliminary. u i . 
1 Includes burning or calcining and other mill operations. 
2 Data may not add to totals shown because of rounding. 


150 MINERALS YEARBOOK, 1967 


Table 7.—Employment and injury experience at sand and gravel plants in the United States 


Man- Man- Number of Injury rates per 
Average Average days hours injuries million man-hours 
Year menworking days worked worked ——— T ə — x<. . —ə>ÜəƏ.  . o> 
daily active (thou- (thou- Fatal Non- Fre- Se- 
sands) sands) fatal quency verity 
196322258 ke 9:3 ee 52,804 216 11,400 95,786 33 1,894 20.12 3,095 
1964... 55, 886 217 12,129 100, 891 34 1,957 19.73 3,237 
19999 88 54,159 221 11,947 100,083 40 1,870 19.08 3,214 
1966 ..... 8 55, 344 225 12,459 104, 971 35 2, 098 20. 32 2, 901 
1967 ⁵ÄÄT—Ä᷑ꝛ³ꝝm 8 52, 300 216 11,273 96,445 32 1,910 20.11 2,981 


p Preliminary. 


Table 8.—Employment and injury experience at slag (iron-blast-furnace) plants in the 
United States 


Man- Man- Number of Injury rates per 
Average Average days hours injuries million man-hours 
Year men working days worked worked ——  — ə> r—— —ʃͤʃ 
daily active (thou- (thou- Fatal Non- Fre- „Se- 
sands) sands) fatal quency verity 
1963 al ] ]⅛ůãͤů aA 1,421 252 358 2,867 2 35 12.90 4, 562 
19;§o ye 1,472 264 389 3,107 1 53 17.38 3,895 
1966 row l ¿L ¿S 1,537 277 425 3,415 1 50 14.93 8,173 
1966............-.-- 1,472 271 407 3,832 44 13. 20 709 
1 Ee 1,721 255 439 3,539 3 53 15.82 5, 762 


Table 9.—Employment and injury experience at coal mines in the United States, by 
industry groups 


Man- Man- Number of Injury rates per 
Average Average days hours injuries million man-hours 
Industry and year menworking days worked worked —————————— —hrn—vSSQ q( —. . 
daily active (thou- (thou- Fatal Non- Fre- Se- 
sands) gands) fatal queucy  verity 
Bituminous coal and 
lignite mines: 
1963. ........... 143,628 204 29,289 232,136 252 9,838 43.47 8,884 
1964 137,617 212 29,200 232, 037 218 9, 728 42. 86 8,312 
19658 cns 137, 602 218 29, 242 232, 613 251 10, 071 44.37 9,243 
196666 135, 952 213 28,928 230, 087 227 9,617 42.78 7,900 
19677 — 136, 600 216 29,484 234, 150 211 9, 555 41.71 7,293 
Anthracite mines: 

[is fee ees 13, 498 216 2,912 21,048 32 1,295 63.05 12,367 
1964______..--_-- 13,144 214 2,812 20,368 24 1,342 67.07 , 650 
1965.24 ͤ——ͤ 11,132 204 2,211 16,375 8 1,067 65.65 4,936 
196666 9,292 203 1,883 13,672 6 829 61.07 4,477 
190 „ 7,750 219 1,701 12,359 9 609 50.00 5,511 

Total: ! 
19682 157, 126 205 32,200 253, 185 284 11, 133 45.09 9,128 
1964.„%ö 150, 761 212 32,012 252,405 242 11, 070 44.82 8,420 
19655 148, 734 212 31,513 248,988 259 11, 138 45.77 8, 960 
196666 145, 244 212 30,811 243, 759 233 10, 446 43.81 7,708 
1967 P____.._.._.. 144,350 216 31,185 246, 509 220 10, 164 42.12 7,204 


v Preliminary. . 
1 Data may not add to totals shown because of rounding. 
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Table 10.—Employment and injury experience at coke ovens in the United States, by 
industry groups 


Man- Man- Number of Injury rates per 
Average Average days hours injuries million man-hours 
Industry and year men working days worked worked — —U 
daily active (thou- (thou- Fatal Non- Fre- Se- 
sands) sands) fatal quency verity 
Slot ovens: 
1 989;öÜ 8 12, 696 356 4, 524 36,192 7 190 5.44 NA 
19444.;Ü 8 13, 021 362 4,713 37, 675 1 164 4.38 703 
1966 222252252584 14,003 357 4,998 39,984 T 192 4.98 1,816 
196 13, 745 363 4,983 39,909 3 155 3.96 658 
1967__...... ee 13,409 360 4,821 38, 583 5 201 5.34 963 
Beehive ovens: 
1968... x 347 209 73 567 .....- 23 40.57 NA 
1964. 426 220 94 743 40 53. 83 5,457 
1965._...... c 518 222 115 885 ...... 36 40.68 1,318 
1966. ..........- 471 236 111 821 36 43.82 1,048 
1967 ou 292 179 52 374 4 25 77.61 67,561 
Total: 1 
1963. 18, 043 352 4,596 36,759 7 213 5. 98 NA 
1964... 18,447 357 4,807 38,418 1 204 5.34 795 
196 14, 521 352 5,113 40, 869 7 228 5. 75 1, 805 
196 14, 216 358 5,094 40, 730 3 191 4.76 666 
19 ——ês 13, 701 356 4, 873 38, 956 9 226 6.03 1,602 


NA Not available. 
1 Data may not add to totals shown because of rounding. 


Table 11.—Employment and injury experience of the oil industry (all activities) and the 
natural gas industry (excluding distribution activities) in the United States 


Man-hours Number of injuries Injury rates per million 
Year Average men worked man-hours 
working daily (thousands) —? —— 
Fatal Nonfatal Frequency Severity 
19689... 8 461,021 974,877 93 9,125 9.46 1,040 
1964 8 427, 697 910, 525 109 8,551 9.51 1,172 
1988585; 8 436, 935 931, 645 78 8, 963 9.70 934 
19690ͤöĩð³aä 88 451,747 54, 527 103 8,724 9.25 1,050 
1967. 445, 562 938,946 88 8,776 9.44 981 


Table 12.—Employment and injury experience in the peat industry in the United States 


Man- 
Average Average days 

Year menworking days worked 

daily active (thou- 

sands) 

I %%§»ö5⅛,ꝛi 674 163 110 
Lo64 „. 781 170 133 
1965... ooo m 623 150 94 
1966__.._..__.... ....-..- 523 184 96 
19%)ͤ ¿22 506 187 95 


Man- 
hours 
worked 
(thou- 
sands) 


Number of 
injuries 


Fatal 


Injury rates per 
million man-hours 


Fre- Se- 
quency verity 
11.49 510 
21.39 1,851 
16.57 593 
12.44 373 
19.11 733 


Table 13.—Employment and injury experience in the native asphalt industry (bituminous 
limestone, bituminous sandstone, and gilsonite mines and mills) in the United States 


Man- 
Average Average days 

Year men working. days worked 

aily active (thou- 

sands) 

T963 —— À—— 417 260 108 
1964... ko eee 369 256 94 
193 8 427 253 108 
1966____...... . ....- 368 270 99 
1967... nce 393 255 100 


Man- 
hours 


Number of 

injuries 

Fatal Non- 
fatal 

2 35 
2 30 
1 26 
1 28 
8 33 


Injury rates per 
million man-hours 


Fre- Se- 
queney verity 
42.41 14, 576 
41.97 16,701 
30. 90 8,335 
35.98 7,872 
40.21 2,985 
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Abrasive Materials 


By James D. Cooper 


Domestic production of natural abrasive 
materials rose slightly in total quantity, 
with tripoli accounting for all of the in- 
crease thereby compensating for the slight 
to moderate decreases in output of the 
other types. The nonabrasive uses of trip- 
oli were responsible for the significant in- 
crease in output. After five successive an- 
nual increases, ranging from 9 to 17 per- 
cent, the value of 1967 natural abrasives 
output declined 5 percent from the 1966 
record high. Crude, artificial abrasives pro- 
duction in Canada and the United States 
declined 9 percent in volume and 3 percent 


in value. Metallic abrasives declined very 
slightly in quantity but increased 5 per- 
cent in value over the 1966 figures. Ship- 
ments of manufactured abrasive products 
—grinding wheels, coated abrasives, and 
abrasive grain—declined slightly in 1967. 
General Electric Co. completed the in- 
stallation of production equipment for 
making industrial diamond grit in a newly 
acquired plant at Worthington, Ohio, and 
E. I. du Pont de Nemours & Co., Inc., 
started commercial production of micron- 
size industrial diamond by a patented 
explosive process. 


Table 1.—Salient abrasive statistics in the United States 


Kind 

Natural abrasives (domestic) sold or used by producers: 
e etes short tons 
NV BING ik oot a T Sere dI thousands. . 
Special silica-stone produets short tons 
NV AUG ihe ee oe thousands 
Garne eects short tons 
WMI er ae ek thousands. . 
Emery. ͥ short tons. . 
SIGs lo enr ee oa thousands. . 

Artificial abrasives J ³˙ A YES short tons 
J 8 thousands 


Foreign trade ‘(natural and artificial abrasives): 


Exports (valuel. ) thousands. . 
Reexports (value) .....................- do.... 
Imports for consumption (value) do 


1968 1964 1965 1966 1967 
66,635 64,613 71,188 66,168 70,984 
$266 $268 $881 $328 $377 
2,693 3,186 3,603 8,806 2,701 
$255 $292 $432 $51 $574 
14,626 16,123 19,880 21,952 20,494 
$1,412 $1,622 $1,717 $2,092 $1,849 
6,732 9.214 10.720 11,102 
$119 $172 $204 $210 W 
402,823 459,169 524,805 607,508 552,812 
$56,523 $683,370 $78,102 $82,794 $80,405 
$85,774 $48,455 $50,418 $51,758 $50,896 
$12,918 $17,142 $13,750 $13,143 $17,239 
$77,500 $89,299 $89,332 sue, 650 $100,410 


W Withheld to avoid disclosing individual company confidential data. 
1Includes grinding pebbles, grindstones, oilstones, tube-mill liners, whetstones, and value of -— 


(1963). 


? Production of silicon carbide and aluminum oxide (United States and Canada); shipments of metallic 


abrasives (United States). 


Foreign Trade.—Net imports of abra- 
sive materials declined by $13.5 million 
in 1967, owing in large part to significantly 
decreased imports and increased exporta- 
tion of industrial diamond. However, 
sharply reduced shipments of crude fused 
aluminum oxide and silicon carbide from 
Canada also had a significant effect on the 


net reduction. The only major abrasive 
product running counter to the trend was 
coated abrasives, with net exportation in 
1967 declining $1.9 milion from the 


preceding year. 


1Commodity specialist, Division of Mineral 


Studies. 
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Table 2.—U.S. exports of abrasive materials, by kinds 


1966 
Kind T Value Quantity Value 
(thou- (thou- (thou- (thou- 
(sands sands) sands) sands) 
Natural abrasives: 
Dust and powder of precious or semiprecious stones, in- 
cluding iamond dust and powder carats.. 2,403 $6,815 4.317 $12,526 
Crushing bor do 58 82 18 210 
Industrial OT) s EE do 1,097 4,470 148 924 
Emery, natural corundum, and other natural abrasives, 
RE EE pounds. 32,7638 2,006 28,000 1,935 
Manufactured abrasives: 
Artificial corundum (fused aluminum oxide do.... 36, 572 5,122 89,128 5, 638 
Silicon carbide, crude or in grains do.... 17,906 3,444 12, 924 2,680 
Carbide abrasives, n. eee do. .. 1,884 1,855 ,980 1,881 
Grinding and polishing wheels and stones: 
iamonds. .......... LL. ccc 2l lll c lll carats.. 436 3,381 429 2 946 
öô˙à 8 ounds.. 4,371 1,236 4,116 1,215 
Hand polishing stones, whetstones, oilstones, hones, . 
and similar stones pounds 611 832 918 92 
Wheels and stones, n. e. .cc do. 4,391 6,818 3,628 6,333 
Abrasive paper and cloth, coated with natural or artificial 
abrasive materials reams __ 378 11,021 821 9,290 
Coated abrasives, n. e. eee NA 252 NA 138 
Metallic abrasives. |... -------------------- pounds.. 41,877 4,226 44,118 4,257 
Total EEN XX 51,758 XX 50,896 
NA Not available. XX Not applicable. 
Table 3.—U.S. reexports of abrasive materials, by kinds 
1966 1967 
Kind Quantity Value Quantity Value 
(thou- (thou- (thou- (thou- 
sands) sands) sands) _ sands) 
Natural abrasives: 
Dust and powder of precious or semiprecious stones, including 
diamond dust and powder- ..------------------- carats__ 203 $742 238 $807 
Cruming DOr osc u uu do.... 99 812 192 1,855 
Diamond suitable only for industrial uge... do.... 1,692 .11,561 2,271 15, 016 
Emery, natural corundum, and other natural abrasives, n. e. c. 
pounds. . 21 6 22 4 
Manufactured abrasives: 
Carbide abrasives, nee... do 2 7 
Grinding and polishing wheels and stones: 
Diamond. , EERESXRempaseseus carats.. (1) 2 (1) 6 
Wheels and stones, n. e. Gee. pounds. e 6 2 12 
Pulpëtonés- 2.266) ccc 22m cee senaia ea a 012. aea arada 1 2 
Hand polishing stones, whetstones, oilstones, bona. and 
similar stones pounds 1 2 3 
Abrasive paper and cloth, coated with natural or artificial a 
abrasive materials ream8.. ..... . (1) 6 
Coated abrasives, n. e. gc NA 9 NA 8 
Metallic abrasives. S pounds 2 18 13 
Jö ⁵ꝛðV?ꝛ ä d ³ K . A XX 13, 143 XX 17,289 


NA Not available. XX Not applicable. 
1 Less than 1⁄4 unit. 
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Table 4.—U.S. imports for consumption of abrasive materials (natural and artificial), 


for use in fillers and other nonabrasive 
products. The quantity sold for abrasive 
uses declined about 2 percent in quantity 
but increased 2 percent in value. Pro- 
duction in 1967 was from four States: 
Arkansas, Illinois, Oklahoma, and Pennsyl- 
vania. Essentially all of the Arkansas and 
Oklahoma material was sold or used for 
abrasives, but significant quantities of 
the amorphous silica from Illinois and 
rottenstone from Pennsylvania went into 
filler and other uses. 


by kinds 
1966 1967 
Kind Quantity Value Quantity Value 
(thou- (thou- (thou- (thou- 
sands) sands) sands) sands) 
Corundun, crude or crushed. e short tons 8 $57 2 $59 
Emery, flint, rottenstone, and tripoli, crude or crushed 
short tons 89 787 16 463 
Silicon carbide, erudgde 2... 2. 2. L.- do.... 108 12,482 89 10,925 
Aluminum oxide, crude. ___ 2. 2 2c L2... do.... 183 19,441 151 16,446 
Other crude artificial abrasives. Uu een oc eoe eene do.... 5 625 6 566 
Abrasives, ground, grains, pulverized, or refined: 
Silicon earbide dd. do 2 497 3 444 
Aluminum ode dd do.... 10 1,867 7 1,552 
Emery, corundum, flint, garnet, and other, including arti- 
ficial abrasives.... ...... LL LLL LLL... short tons.. () 92 (1) 174 
Papers, cloths, and other materials wholly or partly coated with 
natural or artificial abrasiven. (2) 4,159 (2) 4,292 
Hones, whetstones, oilstones, and polishing stones number. 353 824 
Abrasive wheels and millstones: 
Burrstones, manufactured or bound up into millstones 
short tons. . 1 IU  .— Leo mz 
Solid natural stone wheels number. . 1 8 4 13 
Diner 8 do 56 213 67 242 
e . SE sic EL ae te (2) 561 (2) 752 
Articles not especially provided for: 
Emery or earnet. 2... 222-2 L2 2 2l LLL lll c l22-222- (3) 17 (2) 7 
N aue corundum or artificial abrasive materials (2) 101 (2) 211 
EE EE (2) 49 (2) 65 
Grit, Shot and sand of iron and steel.. short tons 325 882 
Diamonds: 
Diamond dies number. 10 216 10 229 
Crushing bort carats.. 3, 3886 8,079 4,255 10,065 
Other industrial diamond.......................- do.... 7,410 89,931 : 85,657 
Miners’ diamondſdſdſdſiiii 22... ..- do.... 769 4,191 781 4,218 
Dust and pooeder 22. ....- do.... 7,064 16,909 6,073 13,624 
TOUR. pu na ees ]⁰ꝛ a ³ðA é XX 110, 650 XX 100, 410 
r Revised. XX Not applicable. 
1 Less than Le unit. 
2 Quantity not reported. 
TRIPOLI’ 
Tripoli output increased slightly in Producers in 1967 were Caddo Minerals 
1967, in response to increased demand Co., Inc., Pike County, Ark.; Illinois Min- 


erals Co. and Tamms Industries Co., both 
in Alexander County, Ill.; The American 
Tripoli Division of The Carborundum 
Co., Ottawa County, Okla.; and Keystone 
Filler & Manufacturing Co. and Penn 
Paint & Filler Co, both in Lycom'ng 


County, Pa. 


This section includes data for Tripoli from 
ihe Missouri-Oklahoma and sas fie 
amorphous or soft silica from Alabama and 
southern Illinois, and rottenstone from Penn- 
sylvania. Although they differ in some respects, 
all are fine-grained, porous silica materials. 
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Table 5.—Processed tripoli ! sold or used by producers in the United States, by uses 2 


Kind 

Abrasives. short tons. . 
Valüe nolo thousands. . 
liie oso short tons 
e cca areae thousands. . 

CO hebreo ocs c; eh ee e short tons 
eee 8 thousands 
JJC ͥͥͥ0ͥ˙·˙ ⁰ kd x 8 short tons 
Value thousands 


1963 1964 1965 1966 1967 
38,979 42,371 48.935 45, 785 44,961 
$1,645 1,831 ,025 1,880 1,916 
10,145 10,865 11,011 10,581 11,240 

$276 295 296 285 3 

5,619 5,253 4,830 4,491 4,797 

$197 169 142 183 148 
54,743 58 , 489 64,776 60 , 857 60 ,998 
$2,118 


2,295 2 ,463 2,298 2,413 


1 Includes amorphous silica and Pennsylvania rottenstone. 


2 Partly estimated. 


Prices quoted in Metals Week for December 25, 1967, for tripoli and amorphous 


silica were as follows: 


Tripoli, per pound, paper bags, 30-ton carload lots, f.o.b. Missouri: 


Once ground through 40 mesh, rose or cream ....................... 
Double ground through 40 mesh, rose or cream ...................... 


Air floated through 200 mesh 


Amorphous silica, per ton, bags, f.o.b. mine or mill: 


90-95 percent through 325 mesh ... 
96-98 percent through 325 mesh .. 
98—99.4 percent through 325 mesh .. 
99.5 percent through 325 mesh .. 
99 percent minus 400 mesh .... 
99 percent minus 15 microns ... 
99 percent minus 10 microns ... 


SPECIAL SILICA STONE PRODUCTS 


Special silica stone products that were 
produced in 1967 included oilstones from 
Arkansas, whetstones from Indiana, grind- 
ing pebbles from Minnesota and Wiscon- 
sin, grindstones from Ohio, and tube-mill 
liners from Minnesota. No production of 
millstones from North Carolina has been 
reported since 1963. Although the total 
quantity of output declined by 29 percent 
in 1967, production of oilstones and tube- 
mill liners, the higher unit-value items, 
rose significantly, resulting in an 11-percent 
increase in total value. 

In 1967 novaculite for oilstones was pro- 
duced by Norton Pike Division of Norton 
Co., Arkansas Abrasives, Inc., and Arkansas 
Oilstone Co., Inc., all in Garland County, 
Ark.; whetstones by Hindostan Whetstone 
Co., Orange County, Ind.; grinding pebbles 


and tube-mill liners by The Jasper Stone 
Co., Rock County, Minn. ; grinding pebbles 
by Baraboo Quarries, Inc., Sauk County, 
Minn.; and grindstones by Cleveland Quar- 
ries Co., Amherst County, Ohio. 


Table 6.—Special silica-stone products 
sold or used by producers in the 
United States ! 


Year Short tons Value 
(thousands) 
1969.2: o: eS 2,698 $255 
// ²˙·A 3,186 292 
1965____.. ewes „603 432 
1986. aono 3,806 515 
193 os 2, 701 574 


1 Includes grinding pebbles, grindstones, oilstones, 
45680 liners, whetstones, and value of millstones 


NATURAL SILICATE ABRASIVES 


Garnet.—Domestic production of nat- 
ural garnet declined by 7 percent in 
quantity and 12 percent in value in 1967, 
following 6 consecutive years of increasing 


output and a record high in 1966. There 
were four producers, two in New York 
State and two in Idaho. Barton Mines 
Corp., the largest producer, mined from a 


ABRASIVE MATERIALS 


large deposit of garnetiferous, metamor- 
phosed igneous rock in Warren County, 
N.Y., and processed the garnet for use in 
coated abrasives, for metal lapping, 
and for grinding optical lenses and plate 
glass. The Warren County garnet is par- 
ticularly suitable for those uses because it 
has nearly cubic cleavage. Cabot Corp., the 
principal wollastonite producer in the 
United States, recovered garnet as a by- 
product in the processing of wollastonite 
ore in Essex County, N.Y. The two Idaho 
producers, Idaho Garnet Abrasive Co. and 
Emerald Creek Garnet Milling Co, 
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produced garnet for sandblasting and other 
uses from placer deposits in Benewah 
County, Idaho. 


Table 7.—Abrasive garnet sold or used by 
producers in the United States 


Year Short tons Value 
| (thousands) 
1960... ono zs 14,626 $1,412 
1964. 16,123 1,622 
19655 19,330 1,717 
1966_____... 8 1,952 2,092 
19617. 5: mz 20,494 1,849 


NATURAL ALUMINA ABRASIVES 


Corundum.—All of the corundum used 
in the United States in 1967 was imported 
from Southern Rhodesia. American Abra- 
sive Co. of Westfield, Mass., the only 
domestic firm importing corundum, proc- 
essed it into closely sized grain and fine 
powders. The principal uses were for lens 
grinding and metal lapping. Complete data 


on world output in 1967 are not available, 
but it was probably in excess of 10,000 
tons, with the U.S.S.R. and Southern 
Rhodesia accounting for over 90 percent 
of the total. India and the Republic of 
South Africa were the other producing 
countries. 


Table 8.—World production of corundum, by countries ! 2 


(Short tons) 
Country 1963 1964 1965 1966 1967 
/ ————————— HRá— 725 595 530 r 424 388 
Rhodesia, Southern 5,940 2,870 e 4,680 e 4,630 e 5,000 
South Africa, Republic of --------------------- 60 344 r 400 851 
%%//õͤ’ 6,744 3, 525 5, 504 5, 454 e 5,689 
e Estimate. * Revised. 


1 Corundum is produced in U.S.S.R. but data a ae are not available. 


2 Compiled mostly from data available June 19 


3 Totals are of listed figures only; no undisclosed data included. 


Emery.—Three emery producers were 
active in 1967, all located in Westchester 
County, N.Y. They include the Di Rubbo 
American Emery Ore Company operating 
the Kingston mine; De Luca Emery Mine, 
Inc., producing from the De Luca No. 2 
mine; and Peekskill Emery Co., working 
the Peekskill mine. Most of the De Luca 
material was used as nonskid aggregates 
for floors, stairways, highway interchanges, 
and airport runways. Emery from the other 
producers was used in grinding wheels, 
coated abrasive paper and cloth, tumbling 
media, and abrasive grains for use in 
grinding and polishing. The American 
Abrasive Co. and three subsidiary firms 


purchased and distributed much of the 
domestic emery. 


Table 9.—Emery sold or used by producers 
in the United States 


Value 
Year Short tons (thou- 

sands) 
kt, EE ⁊ᷣͤ aE 6,732 $119 
1964... 8 9,214 1 
1965 10,720 204 
193%; , 102 210 
1 Tugu: i ok W 


W Withheld to im disclosing individual com- 
pany confidential data 
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INDUSTRIAL DIAMOND 


Imports of industrial diamond continued 
at a very high rate in 1967, exceeded only 
by the record high achieved in 1966. 
Nearly half of the imports came from 
Ireland, which in recent years has acquired 
a preeminent position with respect to 
world distribution of industrial diamond, 
and probably ranks second after the 
United States as a producer of synthetic 
diamond. The producing firm, Synthetic 
Diamond Corporation of Ireland, owned 
by the De Beers organization, purchased 
50 percent interest in two synthetic dia- 
mond subsidiaries of the Swedish company 
Allmanna Svenska Elektriska Aktiebolaget 
(ASEA), and sublicensed the Swedish 
producer to use General Electric Co. 
patents. This move apparently ended a 
patent dispute of several years’ duration 
between General Electric Co. and ASEA. 
Synthetic diamond was produced in Japan 
and West Germany by Komatsu Diamond 


Table 10.—U.S. imports for consumption of 
industrial diamond (excluding 
diamond dies) 


(Thousand carats and thousand dollars) 


Year Quantity Value 
// 5-mꝛä— EEEE 12, 992 $55,678 
%%% c K 18, 569 69,110 
%. 8 17,102 68 , 559 


— rN E 


Co., in the Republic of South Africa by a 
De Beers subsidiary, and by State-owned 
firms in the U.S.S.R. and Czechoslovakia. 

E. I. du Pont de Nemours & Co., Inc., 
manufactured and marketed diamond grit 
and powders in sizes ranging from 0.5 to 
15 microns The Du Pont diamond, 
formed by a patented explosive process, 
was cleaned, graded, and marketed at 
Gibbstown, N.J. The material was said to 
be appreciably different in crystal form 
from other manufactured diamond, making 
it especially suitable for some lapping and 
polishing operations. Prices were competi- 
tive with other diamond of the same size 
range. Techniques for improvement of 
diamond production by the explosive 
method were under study, and output of 
larger material was expected by Du Pont 
in the future. 

Domestic output of synthetic diamond 
by General Electric Co. and E. I. du Pont 
de Nemours & Co., Inc, was estimated at 
8 million carats. In addition, salvage of 
diamond from industrial swarf and sludge 
was probably about 2.5 million carats, 
bringing to 10.5 million carats the domes- 
tic contribution to the Nation’s total 
estimated requirements of 20.4 million 
carats. Domestic output of synthetic dia- 
mond was expected to increase appreciably 
in future years with the new plant of 
General Electric Co. at Worthington, Ohio, 
going on stream at yearend. 
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Table 12.—World production of natural industrial diamond, by countries ! 
(Thousand carats) 


Country 1968 1964 1965 1966 1967 
Africa: 

RK TEE 325 345 277 304 e 300 
Central Africa Republic r 281 221 r 269 270 260 
Congo, (Rinsbasa). .......................- 14,468 14,457 12,490 12,417 12,890 
Congo, (Brazzaville) 2 9”))) 34 94 98 r 5,000 5,000 
, oe be ee eee eee "2,678 r 2,290 r 2,248 2,587 2,288 
C ͥͥͥͥTTſ Aa 8 32 261 51 51 50 
Ivory Coat; EEN 117 80 79 74 70 
Liberia 8 508 273 263 212 197 
Sierra Leone... ee 833 878 804 833 e 800 
South-West Africa 119 154 r 165 176 e 200 
KKK uns o exin pL 313 926 414 473 494 

South Africa, Republic of: 
Premier... eec. ate EE RV 1,565 1,668 1,829 1,975 NA 
De Beers Group zz 753 759 726 1,169 NA 
Other pipe mines 36 41 288 306 NA 
Alüviäl ³ĩV¹AA⁰¹¹ aE 225 192 154 200 NA 
Total South Afri aaa - 212,579 2,660 2,997 3,650 e 4,900 
Total Africa r 27,596 r 26,684 r 25,039 r 26,997 27,444 

Other Areas: 

EE 175 175 175 150 160 
GUYANA- oosina ran rO a a 40 50 68 55 57 
IndiB.. EE (5) (5) 1 (5) 1 
Indonesia... -.------------------------ NA NA 1 1 
USS EE r 2,400 r 9,200 r 4,000 r 4,800 5,600 
Venezuela... ..... 22.2 2L 2 22 Lll l2 22..- 81 5 r 39 43 82 

World total ))) r 90,242 r 30,167 r 29,323 r 31,046 33,295 


e Estimate. Revised. NA Not available. 

1 Compiled mostly from data available May 1968. 
2 Exports. : 

3 Probable origin, Congo (Kinshasa). 

4 Includes some alluvial from De Beers Properties. 
š Less than 1⁄4 unit. 


è Total is of listed figures only; no undisclosed data included. 


WORLD REVIEW 


Angola.—Diamond output for the first 
half of 1967 was 630,927 carats, an in- 
crease of 18 percent over production 
during the first half of 1966. The ex- 
clusive producing company, Companhia de 
Diamantes de Angola, was the principal 
employer in the country.? 

Botswana.—A De Beers subsidiary, Kim- 
berlite Searches, Ltd., discovered a 
diamond-bearing kimberlite pipe near 
Lothlikane, 120 miles west of Francistown. 
A year of sampling was to be conducted to 
determine the economic potential of the 
find.“ 

Canada. Kimberlite Mining Corp. ex- 
plored for diamond on 30 claims that it 
holds in the area of Coral Rapids, Ontario, 
near the Abitibi River south of Hudson 
Bay.“ 

Central African Republic.— TWO laws 
relating to diamond mining and marketing 
were passed on March 3, 1967. One 


law permits noncitizen collectors to pur- 
chase diamond from the native miner for 
an annual fee of $2,000 and to then re- 
sell it to international buying offices. The 
other provides for a 5-percent tax on the 
collectors’ sales, to be withheld by the 
international buying offices." 

Congo (Kinshasa).—The Government 
of the Congo executed agreements with 
British Diamond Distributors, Ltd. 
(Britmond), Hamilton, Bermuda under 
which the firm would purchase all of the 
Congo diamond that could be marketed. 
A 6.5-percent profit margin was provided 
for Britmond, based on selling price.’ 

Ghana.—Recently installed washing fa- 
cilities (1965-66 by Consolidated Afri- 


3 Bureau of Mines. Mineral Trade Notes. V. 
65, No. 4, April 1968, pp. 6-7. 

4 Bureau of Mines. Mineral Trade Notes. V. 
64, No. 10, October 1967, p. 16. 

5 Mining Journal (London). V. 269, No. 6891, 
Sept. 15, 1967, p. 192. 

6 Bureau of Mines. Mineral Trade Notes. V. 
64, No. 6, June 1967, p. 4. 

7 Bureau of Mines. Mineral Trade Notes. V. 
64, No. 9, September 1967, pp. 14-19. 
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can Selection Trust Ltd. resulted in a 10 
percent increase in processing capacity that 
should assure the company an annual out- 
put of well over 2 million carats for many 
years. Most of the output of native, inde- 
pendent diggers was still being smuggled 
out of the country in 1967, because better 
prices and firmer currency were available 
in Nigerian and Liberian markets.“ 

Lesotho.—The government of Lesotho 
and Rio Tinto Zinc Corp. signed an agree- 
ment for prospecting and mining of 
diamond near Letseng-La-Terai in north- 
eastern Lesotho. The agreement calls for 
a 2- or 3-year prospecting period during 
which Rio Tinto will spend about $350,- 
000 per year if commercial-scale opera- 
tions are indicated. A new company is to 
be formed to operate the venture. Exports 
from Lesotho in 1967 totaled 21,737 
carats, of which about 78 percent was in- 
dustrial stones and 22 percent was gem 
quality material. This compared favorably 
with the 1966 figure of 12,505 carats of 
73 percent industrial and 27-percent gem 
material.“ | 

Sierra Leone.—Major changes were 
made in the diamond mining and market- 
ing laws. Penalties for smuggling were 
Increased, the export duty was raised to 
10 percent compared with the 1966 rate 
of 7.5 percent, and, a special development 
levy was imposed on each dealer. The 
agreement between the Government and 
the Sierra Leone Selection Trust (SLST) 
was revised to increase the taxes and a:sess 
tax liability on a current-year basis rather 
than a previous-year basis. Some of SLST’s 
territory was released for alluvial mining. 
SLST was improving its diamond mining, 
transportation and processing facilities to 
the extent of $5.5 million.!? 

South Africa, Republic of.—Prospecting 
on a large scale continued in the alluvial 
mining areas of Namaqualend and north- 
western Cape. The Voorspoed m.ne in the 
Orange Free State was being examined to 
determine whether it could be reopened 
for profitable exploitation. 1 he Voorspoed 
is a local enlargement of a k.mberlite 
dike which has been traced for over 4 
miles.!! 

The Finsch m'ne reached its full, 
designed production of 2 million carats 
per year early in 1967. The Finsch p. pe 
is similar in most iespects to other dia- 
mondiferous pipes being exploited in 
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South Africa. However, the diamond is 
"refractory", that is, does not adhere 
readily to grease, and requires special 
treatment prior to recovery on grease belts. 
Final separation of much of the material 
is made with a machine patterned after an 
electronic seed sorter. Plans call for opera- 
tion of the mine as an open pit until 
about 1992, after which mining is to be by 
underground methods. The ratio of in- 
dustrial—gem-quality diamond is about 
3:1,—approximately the same as the 
Premier, but higher than that of other 
large pipe mines.” 

South-West Africa, Territory of.—The 
new barge, Pomona, built in Cape Town 
for ocean diamond mining off the South- 
West Africa coast by Marine Diamond 
Corp. Ltd., was damaged during towing 
tests early in 1967 and returned to Cape 
Town for redesign and repair of the 
dredging structure. When finally commis- 
sioned, the Pomona will be the largest 
diamond dredge in operation, with ac- 
commodations for a crew of 114 and a 10- 
berth penthouse for visiting officials.!? 

Other diamond firms operating off the 
South-West Africa coast were  Eiland 
Diamante Beperk, dredging diamondi- 
ferous gravel near Luderitz and pumping 
the material by pipeline to a land-based, 
25-ton-per-hour treatment plant; and 
Tidal Diamonds S.W.A. (Pty) Ltd., pros- 
pecting near Hottentot Bay.“ 

U.S.S.R.—Synthetic diamond particles 
3 to 4 millimeters in size have been made 
experimentally by the U.S.S.R. Institute of 
High Pressure Physics. Further work aimed 
at eventual commercial production of the 
particles at the Ukrainian Institute for 
Synthetic Superhard Materials was under- 
way in 1967." 


8 Page 19 of work cited in footnote 7. 

9 Bureau of Mines. Mineral Trade Notes. V. 
65, No. 2, February 1968, pp. 9-10; v. 65, No. 
4, April 1968, p. 7. 

19 Mining Journal (London). V. 269, No. 6890, 
September 1967, pp. 172-178. 

Pages 16-18 of work cited in footnote 4. 

11 Pages 18-19 of work cited in footnote 4. 

12South African Mining and Engineering 
Journal (Johannesburg). R 13-M A Year From 
Finsch Diamond Mines. V. 78, pt. 1, No. 3865, 
Mar. 3, 1967, pp. 517—522. 

13 South African Mining and Engineering 
Journal (Johannesburg). Marine Diamond's New 
Vessels. V. 78, Pt. 1, No. 3857, Jan. 6, 1967, 
pp. 36-37; Diamond Barge Strikes Trouble. V. 
78, Pt. 1, No. 3866, Mar. 10, 1967, p. 563. 

14 Pages 20—21 of work cited in footnote 4. 

15 Industrial Diamond Review. V. 27, No. 316, 
March 1967, p. 118. 
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TECHNOLOGY 


The manufacturing capacity of synthetic 
diamond is increasing and future output 
is limited only by demand. Research was 
underway, therefore, to develop new equip- 
ment, new methods, and improved dia- 
mond and diamond-containinz products 
that could compete to a greater extent 
with aluminum oxide and silicon carbide 
abrasives, tool steel, and carbides for use 
in large-scale machining and grinding 
of metals, alloys, cermets, and ceramics. 
The diamond manufacturers have shown 
that the structure and properties of syn- 
thetic diamond can be modified extensively 
by a number of methods, including the 
type of production process, changes in 
pressure and temperature, type of carbon 
starting material, type of catalyst, control 
of impurity content (particularly nitro- 
gen), and various treatments of the dia- 
mond after production, the latest and per- 
haps most important being metal cladding. 

To date, the metal-clad diamond has 
been used primarily in resin-band wheels 
for wet grinding of tungsten carbide. The 
metal coating (usually nickel) adheres 
strongly to the bond to prevent pull-out of 
the grains. It also causes the diamond to 
oreak down in a manner favorable to 
proper grinding, and aids in dissipation of 
heat from the diamond-carbide contact. In 
wet grinding of tungsten carbide, increases 
in efficiency of 40 to 60 percent were 
common, with greater efficiency attained 
in many cases. When used in volume, 
diamond wheels containing  metal-clad 
diamond dropped their premium from 30 
percent to about 5 percent above the 
regular prices. It seems that maximum 
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efficiency was attained when the metal- 
coating material made up about 50 percent 
of the weight of the clad grit, and when 
the abrasive-containing section of the 
wheel was approximately 0.06 inch deep. 


Many problems involved with precise 
sawing and grinding of enriched uranium 
carbide nuclear fuel slugs were solved by 
using dry diamond saws and wheels at 
slow speeds. Use of a coolant in prev:ous 
methods required a lengthy cleaning 
process to remove all traces of the coolant 
prior to encapsulation of the slugs. In the 
dry grinding process, a high-velocity, 
vacuum process with water scrubbers re- 
moves all of the resultant fine particles.!9 


Economically competitive methods of 
grinding cast iron and steel may well be 
the next major technological advance for 
industrial diamond. Some tests with metal- 
clad diamond resulted in a grinding effi- 
ciency many times that attained using the 
unclad diamond.!? 

Laboratory research concerning the use 
of electroplated diamond on bearing sur- 
faces showed that greatly reduced wear on 
both the plated bearing surface and the 
unplated rollers could be attained. It is 
suggested for use in precision instruments 
and machine tools.!? 


Preliminary research on factors affecting 
diamond grinding unexpectedly de- 
termined that the composition of diamond 
wheel hubs has a profound effect on grind- 
ing efficiency. Of those tested, fiber-filled 
Bakelite performed better than four other 
materials, with a grinding efficiency nearly 
double that of 66 tungsten carbide when 
operating under the most severe testing 
conditions.“ 


ARTIFICIAL ABRASIVES 


In 1967, crude, fused aluminum oxide 
abrasive material was produced in the 
United States and Canada by six firms, 
including one new company, Pyrominerals 
Limited, Sydney, Nova Scotia, which is 
partly owned by American Abrasive Co., 
Westfield, Mass. Of the total output, 181,- 
419 tons was regular grade, and 25,406 
tons was white, high-purity material. Out- 
put was at 63 percent of rated plant 
capacity. Nonabrasive uses, principally 
refractories, accounted for 10 percent of 
the fused aluminum oxide output. 

Silicon carbide was produced by six firms 
in the United States and Canada in 1967, 


five of which produced material for both 
abrasive and nonabrasive uses. The re- 
maining firm, Satellite Alloy Corp., pro- 
duced exclusively for nonabrasive uses. 


16 Grinding and Finishing. Cool Grinding of 
“Hot” Carbide. V. 13, No. 3, March 1967, pp. 


, 82. 

17 South African Mining and Engineering 
Journal (Johannesburg). Increased Applications 
of Industrial Diamond. V. 78, pt. 1, No. 3870, 
Apr. 7, 1967, pp. 798—804. 

18 Bakul, V. N., A. A. Sagarda, A. A. Orap, 
and Ye L. Prudnikov. Diamond Electroplating 
of Bearing Surfaces. Industrial Diamond Re- 
view v. 27, No. 325, December 1967, pp. 533- 


19 Iron Age. Diamond Sparks Grinding Tech- 
nology. V. 199, No. 13, Mar. 30, 1967, p. 68. 
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Output for the two countries was at 80 
percent of plant capacity. In 1967, 55 per- 
cent of the total production of silicon 
carbide was destined for abrasives and 45 
percent for various other uses, principally 
in refractories and as a silicon source 
and deoxidizer for the steel and foundry 
industries. 

Essential all of the abrasive aluminum 
oxide and silicon carbide produced in 
Canada was shipped to the United States 
for processing into graded abrasive grains. 
Some of the graded grain was subsequently 
returned to Canada for manufacturing into 
grinding wheels and other abrasive prod- 
ucts. 
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The quantity of metallic abrasives pro- 
duced in the United States fell less than 1 
percent below the record high achieved in 


1966, but the value in 1967 was 5 percent 
above the 1966 figure and a new high for 


the industry. Ohio maintained a pre- 
eminent position with 37 percent of the 
United States total and a production 
almost double that of any other State. 
Illinois, Indiana, and Pennsylvania to- 
gether accounted for 52 percent, and five 
other North Central and Northeastern 
States accounted for the remaining 11 per- 
cent of the 1967 output. 


Table 13.—Crude artificial abrasives produced in the United States and Canada 


(Thousand short tons and thousand dollars) 


1963 1964 1965 1966 1967 

Silicon carb ide Quantity 1 1 13 159 142 
I.... 8 $15 , 530 $18 , 432 $19,963 $21,674 $19,612 
Aluminum oxide (abrasive grade). .Quantity . . 1 1 1 244 207 
alue Kë 20 , 936 21,493 24,909 29,981 28,188 
Metallic abrasivv es Quantity 134 156 191 205 204 
...... K ⁵ SS a eh ss 20,057 23, 445 28,230 81,139 32,610 
M/. eek e euentu Quantity 40 459 524 608 558 
II 8 56,523 63,370 73,102 82,794 80,405 


! Figures include material used for refractories and other nonabrasive purposes. 


? Shipments for U.S. plants only. 


Table 14.—Production, shipments, and stocks of metallic abrasives in the United States 


by products 

Manufactured Sold or used Stocks Annual 
ec. 81 capacity 

Year and product Value Value (short (short 

Short tons (thou- Short tons (thou- tons) tons) 

sands) sands) 
6: 

Chilled iron shot and grit $4,128 43,213 $4,748 5,485 218,950 
Annealed iron shot and grit 4,828 47,224 „991 545 ! 96,179 
Steel shot and grit. 15,568 110,142 19,645 5,756 144,815 
Other Finck ee er ENS 748 4,039 755 927 9,700 
d Kc d NEE? 201,550 25.272 204,618 31,139 3 12,663 373,465 
Chilled iron shot and grit $4,099 41,014 $4,662 6,006 245, 605 
Annealed iron shot and grit > , 43,704 ,622 956 1 72,299 
Steel shot and grit. 119,065 17,055 116,302 21,736 8,519 143,142 
NM. 8 2,8 466 3,812 590 416 11,400 
d KC WEEN 207 , 566 26,490 204,332 82,610 15,897 400, 147 


Included in capacity of chilled iron shot and grit. 


2 Includes cut wire shot. 
3 Includes revisions in product detail. 
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Table 15.—Stocks of crude artificial abrasives and capacity of manufacturing plants, as 
reported by producers in the United States and Canada 


(Thousand short tons) 


y Silicon carbide Aluminum oxide Metallic abrasives ! 
ear 
Stocks Annual Stocks Annual Stocks Annual 
Dec. 31 capacity Dec. 31 capacity Dec. 31 capacity 
1968282. 11.2 146. 5 20. 6 303.4 19.2 380. 5 
1964. 15.0 152.5 14.5 298.8 28.1 886.0 
19655 9.1 155.9 10. 9 304. 8 17.9 376. 8 
19666. 17. 5 174.4 18. 6 310.8 r 12.7 873.5 
1967________._ oe 12.9 176.1 30.2 330.2 15.9 400.1 
t Revised 
1 United States only. 
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Figure 1.— Artificial abrasives production. 
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TECHNOLOGY 


Further advances in high speed grinding 
were made in 1967, with the production 
of some vitrified wheels for operation at 
12,000 surface-feet per minute and the 
testing of hot-pressed snagging wheels at 
speeds up to 18,000 surface-feet per 
minute. A special type of cutoff wheel was 
developed to operate at 22,000 surface- 
feet per minute to cut extruded bars and 
tubing at 2,000°F. Two major problems, 
related to the much higher grinding 
speeds in use and under development, 
concern redesign of grinding machines to 
withstand the forces involved, and the 
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development of sensible safety standards 
and protective devices.“ New abrasives 
have been necessitated by the higher 
speeds, particularly for snagging wheels. 
The latest, and probably the most im- 
portant one, was the fused alumina- 
zirconia grain that has become widely 
available within a short period of years. 
The zirconia content ranges from 25 to 40 
percent. 


20 Grinding and Finishing. High Speed, Hot 
and Economical. V. 18, No. 5, May 1967, p. 25. 
. The View From the Top. V. 18, No. 1, 
January 1967, pp. 22-31, 36. i 

McKee, Richard L. That Speed Thing. Grind- 
ing ino Finishing. V. 18, No. 5, May 1967, pp. 
21—24. l 


Digitized by Google 


Aluminum 


By John W. Stamper’ and Robert F. Griffith“ 


World production of primary alumi- 
num was 10 percent higher than in 1966, 
but demand in the principal market 
areas of Europe and North America 
leveled off or declined. Despite the ap- 
parent oversupply situation that was de- 
veloping at yearend, substantial expan- 
sions of productive capacity were planned 
or under construction throughout the 
world in anticipation of increased indus- 
trial activity and of aluminum's competi- 
tive position relative to other metals 
such as copper. Technological improve- 
ments reported in 1966 and 1967 in the 
traditional process for making aluminum 
metal foreshadowed further strengthen- 
ing of the industry's ability to compete 
with other metal industries. 


Legislation and Government Programs.— 
Sales of primary aluminum to primary 


producers under the disposal program 
that became effective November 23, 
1965, totaled 61,450 tons in 1967. 
Cumulative sales from November 1965 
through 1967 totaled 403,046 tons 
valued at $198.4 million, leaving 1,045,- 
453 tons yet to be delivered under the 
agreement with the major producers. 

At yearend General Services Admin- 
istration announced the continuation 
through 1968 of offers for sale of 23,000 
tons of primary aluminum (99.0 to 99.9 
percent Al) to nonprimary producers, 
affiliates, or subsidiaries. 

The aluminum set-aside for defense 
and related orders was established by the 
Business and Defense Service Adminis- 
tration, U.S. Department of Commerce, 
at 150,000 tons per quarter throughout 
1967. 


Table 1.—Salient aluminum statistics 


(Thousand short tons and thousand dollars) 


1963 
United States: , 
Primary production : 
JJ AA $1,039,812 
Price: Ingot, average cents per 
Poundgdg‚‚‚‚‚‚‚‚‚‚ ARAS 22.6 
Secondary recover // 506 
Exports (crude and semicrude) ) 292 
Imports for consumption (crude and 
semicrude).....................- 466 
Consumption, apparent. 3,040 
World: Production... .. 5,862 


1964 1965 1966 1967 
2, 553 2, 754 2, 968 3,269 
$1,196,013 $1,337,795 $1,446,011 $1,614,483 
23.7 24.5 24.5 25.0 
552 641 693 698 
349 315 330 366 
453 620 679 539 
3,216 3,734 4,002 4,009 
6,531 6,929 7,561 8,285 


DOMESTIC PRODUCTION 


PRIMARY 


Domestic primary aluminum output 
set a record high for the sixth successive 
year. Production for the fourth quarter 
was slightly more than reported capacity. 


Washington State led in total produc- 
tion with 746,321 tons valued at $370.3 


million. 


1 Commodity specialist, Division of Mineral 
Studies, 
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168 


Aluminum Company of America (AI- 
coa) increased annual primary reduction 
capacity at the following plants: War- 
rick (Evansville), Ind., from 75,000 at 
yearend 1965 to 175,000 tons; Badin, 
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forge plant at Oxnard, Calif., and a $55 
million expansion program to include 
facilities to increase production of sheet 
and plate products at its Ravenswood, 
W. Va., and Trentwood, Wash., mills. 


N.C., 50,000 to 100,000 tons; and The capacity of the primary alumi- 
Wenatchee, Wash., from 125,000 to num reduction plant of Consolidated 
175,000 tons; thus, total annual capacity Aluminum Corp. (Conalco) at New 
was up to 1,150,000 tons at yearend. Johnsonville, Tenn., was increased to 


Construction began on the addition of a 
seventh potline at the company’s Rock- 
dale, Tex., plant to increase annual 
capacity from 175,000 to 225,000 tons by 
fall 1968. Alcoa also started construction 
of a multimillion-dollar plant at Mar- 
shall, Tex., to suppy bare and covered 
aluminum conductor to the electrical 
industry. The company's wholly-owned 
subsidiary, Rome Cable Corporation, was 
sold to Cyprus Mines Corporation late 
in the year. 

Intalco Aluminum Corp. started con- 
struction of a third 96,000-ton unit at 
its Ferndale plant near Bellingham, 


106,000 tons per year late in 1966 by the 
addition of a potline comprised of 120 
reduction cells (pots). Expansion to 
140,000 tons per year was planned for 
early 1968 by addition of a fourth pot- 
line. The -cold-rolling capacity of the 
company’s fabricating complex at Jack- 
son, Tenn., was also expanded. 

Reynolds Metals Co. operating seven 
primary aluminum reduction plants in- 
creased annual capacity to 815,000 tons 
and announced plans for expansion to 
975,000 tons in 1970. A 72-inch contin- 
uous coil heat treating line, largest in 
the industry, neared completion at the 


Wash. to bring annual capacity to 228,- company's sheet and plate plant at 
000 tons in 1968. McCook, Ill. 
Anaconda Aluminum Co. began in- Technical improvements and a sixth 


stallation of two additional potlines at its 
Columbia Falls, Mont. aluminum re— 
duction plant which will increase annual 
capacity from 100,000 to 170,000 tons 
in 1968. Construction of a new plant at 
Flora, III., to produce bare aluminum 
and Aluminum Cable Steel Reinforced 
(ACSR) conductors was announced by 
Anaconda Wire and Cable Company to 
coincide with the increase in primary 
aluminum output. 

Modernization at the Mead, Wash., 
aluminum reduction plant of Kaiser 
Aluminum & Chemical Corp. and an 
additional 40,000-ton-per-year potline at 
its Tacoma, Wash., works was expected 
to increase total annual capacity to 710,- 
000 tons in 1968. The company an- 
nounced plans for a new aluminum 


potline put into operation in April, in- 
creased the annual capacity of the 
Ormet Corp.’s primary aluminum reduc- 
tion plant at Hannibal, Ohio, to 240,000 
tons. Revere Copper & Brass Corp., Inc., 
part owner of Ormet with Olin Mathie- 
son Chemical Corp., announced plans for 
a 112,000-ton-per-year primary alumi- 
num reduction plant at Scottsboro, Ala., 
the location of the company’s new $55 
million aluminum rolling mill. Olin 
Mathieson also announced plans for a 
multimillion-dollar aluminum electrical 
conductor and cable manufacturing 
plant at Sedalia, Mo. 

Harvey Aluminum, Inc., the Nation’s 
eighth primary aluminum producer, 
with an 88,000-ton-per-year plant at the 
Dalles, Oreg., dedicated its new $59 


Table 2.—Production and shipments of primary aluminum in the United States 
(Short tons) 


1966 1967 
Quarter ..... OR EAN 

Production Shipments Production Shipments 

ut EE 719 , 833 719, 816 783,189 788,213 
Sor ⁰⁰ sq sika qa qawas 737, 988 739,679 817,445 777,440 
(( ͥ ͥ ³Üün y ees 738 , 554 739,430 824,919 741,155 
Fourth es oe ee acetate ete 771, 996 159,349 843,706 823,328 
T otal|u cana nece esse ees cte 2,968,366 2, 958,274 8,269,259 8,136,136 
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Table 3.—Aluminum production capacity in 
the United States, by companies 


(Short tons per year) 


Actual 
Company and plant capacity end 
of 1967 
Aluminum Company of America: 
Alcoa, Tenn 125, 000 
Badin, NC 100, 000 
Evansville, Ind 175, 000 
Massena, N. 9 125, 000 
Point Comfort, Tek 175. 000 
Rockdale, Ten 175. 000 
Vancouver, Wag 100, 000 
Wenatchee, Waah ........ 175, 000 
KK d WEEN 1,150, 000 - 
Reynolds Metals Co.: 
ee s AT Ark EE 55,000 
Jones Mills, AK 109, 000 
Listerhill, Als ` 194,500 
Longview, Wall 8 96,000 
Massena, N. y. 115, 000 
San Patricio, Tek 105, 500 
Troutdale, Ore gg 140, 000 
/ ²˙¹wmAA -m eh Ge 815, 000 
Kaiser Aluminum & Chemical Corp.: 
Chalmette, La. 260, 000 
Mead, Wash OIII 206,000 
Ravenswood W. V 163, 000 
Tacoma, Wash...............- 41,000 
KC EE 670,000 
Anaconda Aluminum Co.: Columbia 
Falls, Mont `--o 100,000 
Consolidated Aluminum Corp.: New 
Johnsonville, Tenn 106,000 
Harvey Aluminum, Inc.: The Dalles, 
Ges. osi cheddar 88,000 
Ormet Corp.: Hannibal, Ohio 240, 000 
Intaleo Aluminum Corp.: Bellingham, 
Wash: r baka m - oed eee 152, 000 
Grand total. 3,321, 000 


million aluminum rolling mill at Lewis- 
port, Ky. The plant has an annual 
capacity of 120 million pounds of 
aluminum sheet and plate. It was ex- 
pected that Harvey Aluminum vill build 
a second primary aluminum reduction 
plant with an annual capacity of 100,000 
tons on the Washington side of the 
Columbia River across from its existing 
plant. 

Southwire Co, a manufacturer of 
aluminum wire and cable at Carrollton, 
Ga., announced plans for a 90,000-ton- 
per-year primary aluminum reduction 
plant to be located at Hawesville, Ky. 
The proposed site of the alumina, 
130,000-ton-per-year aluminum reduction 
facility, to be operated by Northwest 
Aluminum Co., Inc, was changed from 
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Guemes Island, near Anacortes, Wash., 
to Warrenton, Oreg., near the mouth of 


the Columbia River. Noranda Mines, 
Ltd., announced plans for a primary 
aluminum reduction plant at New 


Madrid, Mo., with initial annual ca- 
pacity of 75,000 tons, to begin produc- 
tion in 1970. 

Ashland Oil & Refining Co. began 
production of petroleum pitch used in 
making electrodes for aluminum reduc- 
tion at a 50,000-ton-per-year plant at the 
company's Catlettsburg, Ky., refinery. 

A $10 million aluminum cable plant 
operated by General Cable Corp., near 
Hot Springs, Ark, began production 
using molten aluminum from Reynolds 
Metals Co.’s nearby Jones Mills reduc- 
tion plant. 


SECONDARY 


Recovery of secondary aluminum was 
698,000 tons, slightly higher than the 
record 693,000-tons set in 1966. Domes- 
tic recovery of aluminum alloys (includ- 
ing all constituents) from aluminum-base 
scrap totaled 747,000 tons. Metallic re- 
covery from new scrap was 602,064 tons, 
an increase of 2 percent; however, metal- 
lic recovery from old scrap and sweated 
pig dropped 6 percent to 145,392 tons in 
1967, following the 14-percent decrease 
registered in 1966. An additional 1,288 
tons was recovered from copper-, zinc-, 
and magnesium-base scrap. The value 
of 696,463 tons of aluminum recovered 
from processed aluminum scrap was 
$358 million computed from the average 
price of primary aluminum ingot of 25 
cents per pound. 


The calculated consumption of pur- 
chased aluminum-base scrap and sweated 


pig, based on reports from consumers, 
totaled 882,795 tons. Independent sec- 
ondary smelters used 617,145 tons, or 70 
percent. Primary producers used 122,987 
tons or 14 percent; fabricators used 70,- 
505 tons or 8 percent; foundries used 
67,053 tons and chemical plants used 
5,105 tons. 

The Bureau of Mines estimated that 
complete coverage of the industry would 
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show a total scrap consumption of 1,050,- 
000 tons and a secondary ingot produc- 
tion of 667,000 tons. Calculated alumi- 
num recovery based on full coverage 
would total 820,000 tons and the metal- 
lic aluminum alloy recovery would total 
878,000 tons. Secondary aluminum alloy- 
ingot production totaled 571, 600 tons, 
6 percent more than in 1966. Data on 
remelt ingot excluded alloys produced 
from purchased scrap by the primary 
producers. The increase in production of 
97.0 percent aluminum (pure) alloy 
ingot and of AXS-679 and variations 
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accounted for the increase in production 
of secondary aluminum. 

Data obtained through a Bureau of 
Mines canvass were combined with data 
made available to the Bureau by the 
Aluminum Smelters Research Institute, 
which covered operations of its members. 
The combined coverage was estimated to 
represent about 85 percent of the sec- 
ondary aluminum smelter industry. 

Alloys & Chemical Corp., the con- 
trolling interest of which is owned by 
Rio Tinto-Zinc Corp. Ltd. (R.T.Z.), 
acquired the building and land of the 


Table 4.—Aluminum recovered from scrap processed in the United States, by kind of 
í scrap and form of recovery 


(Short tons) 


Kind of scrap 1966 1967 
New scrap: 
Aluminum-base. ......... 1555,572 2 568,782 
Copper-base. ............- 103 81 
Zine- base 80 71 
Magnesium- base 400 813 
TOCA aie oe ea sls 556,155 569,247 
Old scrap: 
Aluminum- base 1135, 845 2127, 681 
Copper- base 87 70 
Zinc- base 738 569 
Magnesium-base. ........ 206 184 
Total. uoc 136,876 128,504 
Grand total 698,031 697,751 


Form of recovery 1966 1967 


As metal.................- 83,168 53,656 
Aluminum alloys. .......... 42,928 628,848 
In brass and bronze 578 643 
In zinc-base alloys.......... 9,888 8,804 
In magnesium alloys. ....... 1,840 1,195 
In chemical compounds. .... 5,129 5, 105 

NC MEN 698,081 697,751 


1 Aluminum alloys recovered from aluminum-base scrap in 1966, including all constituents, were 587,490 


tons from new scrap and 154,920 tons from old scrap and swea 


ted pig, a total of 742,410 tons. 


2 Aluminum alloys recovered from aluminum-base scrap in 1967, including all constituents, were 602,064 tons 
from new scrap and 145,392 tons from old scrap and sweated pig, a total of 747,456 tons. 


Table 5.—Stocks, receipts and consumption of new and old aluminum scrap and sweated 
pig in the United States in 19671 


(Short tons) 


Class of consumer and type of scrap 


Secondary smelters: š 
New scrap: 
Solids: 


Segregated low copper (Cu maximum, 0.4 percent! 
Segregated high eopper. 
Mixed low copper (Cu maximum, 0.4 percent: 
High zinc (7000 series type)........... 
Mixed clips. .....................-.... 


Borings and turnings: 


Low copper (Cu maximum, 0.4 percent) 
Zinc, under 0.5 percent 
Zinc, 0.5 to 1.0 pereen tt 


Total new scrap.......................- 
Old scrap (eohdei --------------------------- 
Sweated pig (purchased for own use) 


Total all classes 


See footnotes at end of table. 


Stocks Receipts Con- Stocks 


Jan. 1* sumption? Dec. 31 

8,715 79,784 78,386 5, 063 

. 627 16,819 15,771 1,675 
2,690 53,228 53,944 1,974 

ep RR ME 294 7,749 7,511 582 
MOMS NES W W 
MOTORES W W W 
FFF 1,408 20,652 21,711 849 
7 WwW WwW w 
3 1,507 56,524 56,466 1,565 
a Sess Sar ees 7,564 115,280 110,170 12,674 
53 22, 966 476,863 470,981 28,898 
% ere 6,007 103,877 103,773 6,111 
. 4,244 43,427 42,441 5,230 
83,217 624,167 617,145 40,289 
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Table 5.—Stocks, receipts, and consumption of new and old aluminum scrap and sweated 
pig in the United States in 1967—Continued 1 


(Short tons) 


Class of consumer and type of scrap 


Jan. 1° sumption? Dec. 81 
Primary producers, foundries, fabricators, and chemical! plants: 
New scrap: 
SE 
egregated low copper: (Cu maximum, 0.4 percent) . 8,670 129,018 129,971 2,712 
fred low high cop pper ee e 166 18,970 14,001 185 
Mi low copper (Cu maximum, 0.4 percent) 1,000 388,033 30, 8,129 
High zinc (7000 series type) .....................--- 138 7,284 : 282 
Ar; ee eS se Sasu ncs W W 
Borings and turnings: 
Low copper (Cu maximum, 0.4 percent W W W W 
Zine; under 0:5 percent... ð ̃ ;- : ³ 6 mw dmr. d Qulu adn 
Zinc, 0.5 to 1.0 percent W W W W 
))ö.ĩÄéÜ i . koe ut WEE 12,941 12, 679 262 
Foil, dross, skimmings, and other___________.-_--------- 1,703 39,070 989,512 1,261 
Total new scergap. . ... eee 6,897 241,611 240,468 8,040 
Old scrap: dd... ce deed 486 ; 4,019 299 
Sweated pig (purchased for own use 3,3938 21,186 21,168 8,416 
Total all classes 10,776 266,629 265,650 11,755 
Total of all scrap consumed: 
New scrap: 
Solids: 
Segregated low copper (Cu maximum, 0.4 percent). . 7,385 208,747 208,857 7,775 
Segregated high eopper 793 30,789 29,772 1,810 
Mixed low copper (Cu maximum, 0.4 percent) ........ 8,690 86,261 84,848 5, 103 
High zinc (7000 series type) .......................- 432 14,983 14, 601 814 
Mhh ³⁰• a 88 1.210 58,751 „554 2,407 
Borings and turnings: 
Low copper (Cu maximum, 0.4 percent 826 15,541 15,655 712 
Zinc, under 0.5 poereent tt 1,408 20,652 21,711 849 
Zinc, 0.5 to 1.0 percent 8,845 58,935 60,074 2,206 
EE ß ae eee REM 1,507 69,465 69,145 1,827 
Foil, dross, skimmings, and other... 9,267 154, 850 149, 682 18,985 
Total new serap z 29,863 718,474 711,399 86,988 
Old scrap: id,, a ,493 107,709 107,792 410 
Sweated pig (purchased for own use) „637 64,618 63,604 8,646 
Total all classes 48,993 890,796 882,795 51,994 
r Revised. W Withheld to avoid disclosing individual company confidential data. 
1 Includes imported scrap. 
3 Calculated 
3 Excludes secondary smelters owned by primary aluminum companies. 
adjoining I. Schumann Co. in Cleveland, Vulcan Materials Co., Birmingham, 


Ohio. The addition will enable Alloys & 
Chemicals to increase its production 


Stocks Receipts Con- 


Stocks 


Ala., announced plans to build a $3.5 
million secondary aluminum smelter at 


Capacity to an estimated 200 million 
pounds per year of aluminum and zinc 
alloys and specialties. | 


Oak Creek, Wis., to be in production 
early in 1969. 
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Table 6.—Production and shipments of secondary aluminum alloys, by independent 
smelters 


(Short tons)! 


Alloy 


Pure aluminum (Al minimum, 97.0 percent 


Aluminum-silicon: 


95/5 ALS, 356, etc. (maximum Cu, 0.6 percent) 
13 percent Si, 360, etc. (maximum Cu, 0.6 percent) 
Aluminum-silicon (Cu, 0.6 to 2 percent) ............- 
No. 12 and variations 
Aluminum-copper (maximum Si, 1.5 percent) 
No. 319 and variations s 


Aluminum-silicon-copper- nickel 


Deoxidizing and other destructive uses: 


Grades 1 and 2________._____-___--____-___--_- 


Aluminum-magnesium._-_... . . . . . . . . . eee 
Alumioom-zipe een e um ui cea cac emu 
Miscellaneous 


1966 1967 
Produc- Ship -  Produc- Ship- 

tion 2 ments 2 tion 2 ments 2 

5 33,168 32,645 53,658 53, 509 
B 20,298 20,429 20,310 20,256 
. 39,298 40,087 42,679 42,224 
nO 8,196 8, 485 8,494 8,372 
5 8, 664 8, 628 7,504 7,448 
E EE 578 557 643 683 
5 54,680 55,470 50,914 51, 326 
EE 395 609 956 991 
ER 267,756 275,003 285,585 287,316 
EEN 27,056 27,369 24,675 24,791 
a A eee eed 12,398 12,476 14,828 14,3891 
5 15,648 14,944 18,118 18,964 
dun te aa 7,932 8,272 ,818 6,722 
5 1,340 1,236 , 195 1,297 
Zu ERN 9,888 9,930 8,804 8,898 
ERE: 29,498 29,872 32,454 932,489 
Sege 586,781 546,012 571,578 574,177 


1 Gross weight, including copper, silicon, and other alloying elements. Secondary smelters used 18,368 and 
21,134 tons of primary aluminum in 1966 and 1967, respectively, in producing secondary aluminum-base alloys. 
2 No allowance was made for consumption or receipts by producing plants. 


CONSUMPTION 


Apparent consumption of aluminum in 
1966 was 7 percent higher than that in 
1965. In 1967 net foreign trade was 
less than half of the record of 350,000 
tons set in 1966 and apparent consump- 
tion leveled off with only a minor gain. 

According to figures compiled by the 
Aluminum Association from industry esti- 
mates, the distribution of shipments of 
aluminum metal to various industries was 
as follows: 


Industry 1966 1967 

Building and construction.......... 21.6 20.8 
Transportation 23.0 21.4 
Consumer durables. ............... 10.1 9.4 
Electrical 14.4 13.9 
Machinery and equipment 7.2 7. 0 
Containers and packaging 8.2 9.7 
Exports. ------------------------ 6.5 7.3 
Gf! AA us 9.0 10.5 

Total: Luru secon eens 100.0 100.0 


Net shipments of aluminum wrought 
and cast products by producers decreased 
in 1967 from the record 4 million tons 
set in 1966. Lower shipments of castings 
accounted for most of the decline. Ship- 
ments of powder, flake, and paste con- 
tinued the sharply increasing trend of 
recent years and in 1967 were more 


than double the 1966 level. 


Intense competition between aluminum 
and other metals and plastic continued to 
be a major market force. Despite a de- 
cline in overall electrical applications for 
aluminum in 1967, the metal reportedly 
was used in increasing quantities in 
place of copper, which continued to 
fluctuate in price and to be in short 
supply. Industry sources estimated that 
virtually all of the newly installed bare 
overhead electrical cable was made of 
aluminum. An estimated 20 percent of 
underground conductors for residential 
distribution systems was of aluminum. 

Aluminum's use in containers and 
packaging also continued to make in- 
roads in the use of other materials. Ad- 
vantages of the light metal as a pack- 
aging material was demonstrated by a 
wide range of commercial packaging ap- 
plications including the  all-aluminum 
can, the composite can, easy opening 
tops, aluminum closures, flexible foil 
packaging, and the rigid foil container. 

Expanding use of aluminum in rail 
transportation was reported in the exten- 
sive use of aluminum in unit trains 
placed in service in 1966 and 1967 to 
transport alumina and coal. The use of 
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Table 7.—Apparent consumption of aluminum in the United States 
(Short tons) 


Primary sold 
or used by 
producers ! 


Year 


19608- c EU 2,953,624 
1964 MS 2, 554, 898 
Se EE 2,786,584 
E 2,958,274 
1) ⁰ ERR 3,136,136 


Imports Recovery Recovery Total 
(net)? from old from new apparent 
scrap 3 scrap 3 consumption 
180,878 115,921 389, 670 8,040,093 
109,901 123,677 428,014 8,216,490 
306,819 159,704 481,014 3,734,121 
350,400 136,876 556,155 4,001,705 
174,723 128, 504 569,247 4,008,610 


1 Includes shipments to the Government: 1963, 24,293 tons; 1964-67, none. 


2 Crude and semicrude. Includes ingot equivalent of scrap imports and exports (weight multiplied by 0.9). 
Includes some shipments to Government stockpiles. Figures not available. 


3 Aluminum content. 


aluminum in railroad freight and pas- 
senger cars increases the pay load, 
especially for bulk carrying freight cars 
of 100 tons or more capacity. For ex- 
ample, the pay load of a typical 4,750 
cubic-foot-aluminum-covered copper car 
was 5 to 7 tons higher than a similar 
covered steel car. 

Although the market for all screw ma- 
chine parts and cold heading stocks re- 
portedly declined in 1967, aluminum 
shipments for these applications reportedly 


Table 8.—Net shipments! of aluminum 
wrought and cast products 2 by producers 


(Short tons) 


1966 1967 P 


Wrought products: 
Sheet, plate, and foil__ r 1,684,458 1,656,830 
Rolled and continuous 
cast rod and bar; 


Wire r 463,920 460, 536 
Extruded rod, bar, 

pipe, shapes, drawn 

and welded tubing 

and rolled structural 

shapes r 955, 058 858 , 734 
Powder, flake, paste... 55,694 116,834 
Forgings............. r 69,608 82,097 

Total... 2c: r 3, 228,738 3,175,031 

Castings: 

San la ; 145, 886 125, 310 
Permanent mold 202, 351 191,284 

JJC K 463,013 438,474 
Other ss 8,724 12,288 

Total- s... ¿L ty; 819 ,974 161,356 

Grand total.......- r 4,048,712 3,942,387 


gege 


p Preliminary r Revised. 

1 Derived by subtracting the sum of producer’s 
domestic receipts of each mill shape from the domestic 
industry's gross shipments of that shape. e 

21966 figures derived from a new probability 
sample. 


remained at the 1966 levels, indicating 
that aluminum also was gaining in this 
market.’ 

Major markets for aluminum con- 
tinued to be in the building and con- 
struction industry and in transportation. 


2 Metals Week. More Inroads in Screw Machine 
Parts. V. 38, No. 49, Dec. 4, 1967, p. 3. 


Table 9.—Distribution of wrought products 


(Percent) 


19667 1967 


Sheet, plate, and foil: 
Non-heat-treatable___.....---- 38. 39 
Heat-treatable 6. 
Uf 

Rolled and continuous cast rod and 

bar; wire: 

Rod, bar, e tee 

Bare wire, conductor and 
nonconductor.............. 

Bare cable (including steel- 
reinforced)... .............- 

Wire and cable, insulated or 
covered 

Extruded rod, bar, pipe, tube, and 

shapes: 
Alloys other than 2000 and 
7000 series 124.7 
Alloya in 2000 and 7000 series 2.0 

Tubing: 

Dra Wh Sets tee thse ess 1.5 

Welded, nonheat-treatable..... 21.4 

1.3 
1 
3 


-i0»00 
on 
KEEN 


N — å eme N 
go 0o On e 
nm O m N 
oo o N 


Powder, flake, and paste: 
Atomized__------------------ 


Co m= mt 


clo Lee Aie OR 


Powder, n. e. e.. 
Forgings (including impact 
extrusion) 2.2 2 


!! 100.0 100. 


r Revised. 

1 Includes a small amount of rolled structural 
shapes. 

2 Includes a small amount of heat-treatable 
welded tube. 
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The Sacal Borincano, which reportedly 
was the largest all-auminum ship ever 
built, was put in service in 1967 be- 
tween Miami and Puerto Rico. The ves- 
sel, measuring 226 feet long and displac- 
ing 1,570 tons, fully loaded, was capable 
of carrying nearly 500 tons more cargo 
than a similar sized vessel of steel? The 
380 tons of aluminum used in the craft 
was overshadowed by the planned use 
of some 1,100 tons of aluminum in the 
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superstructure of the Q-4, the tempo- 
rary designation of the transatlantic pas- 
senger craft, planned as a replacement 
for the Queen Mary. 

An average of about 72 pounds of 
aluminum per automobile was reportedly 
used in the 1968 models compared with 
71 pound per car used in 1967 models. 
Most of the gain was attributed to auto- 
mobile  air-conditioning equipment in 
which aluminum is extensively used. 


STOCKS 


Aluminum ingot stocks at primary re- 
duction plants increased from 74,800 on 
january 1 to 218,900 on December 31, 
1967. Although primary producer stocks 
were the largest since 1961, this quantíty 
represented only 3.5 weeks production 
at the high level achieved in 1967. In 
addition to the primary aluminum stocks 
reported, reduction plants also had in- 
ventories of ingot and aluminum in 


process. 
Inventories of secondary aluminum 
alloy ingot decreased 9 percent to 25,100 
tons, equivalent to a 16-day supply based 
on shipments for the entire year. Con- 
sumers' yearend inventories of purchased 
aluminum scrap increased 18 percent to 
51,994 tons, equivalent to about a 3- 
week supply based on the total quantity 
melted or consumed during the year. 


PRICES 


The published domestic price for un- 
alloyed primary aluminum ingot, which 
had remained at 24.5 cents per pound 
throughout 1966, was increased to 25 
cents per pound in mid-January 1967 
and was unchanged by yearend. Concur- 
rently, prices on major producer alloys 
and most semi-fabricated products were 
increased from 0.5 to 1.0 cent per 


pound. The price quoted for super pure 


aluminum (99.99 percent aluminum) 
advanced in January from 40.0 to 40.5 
cents per pound and remained un- 
changed through December. 

The average prices quoted by the 
American Metal Market for clippings, 
old sheet, castings, and borings and 
turnings of scrap aluminum decreased 
about 1 cent per pound during the 
year. There was no change in the quoted 
prices for smelter alloys nor for steel- 
deoxidizing grades. 

Prices quoted at the end of 1967 for 


various grades of aluminum scrap clip- 
pings ranged from 10.25 to 11.25 cents 
per pound for 7075 (75s) to 15.50 to 16 
cents per pound for 1100 (2s). Mixed 
aluminum clippings were quoted at 
13.75 to 14.25 cents per pound. Old 
aluminum sheets and castings were 
quoted at 11 to 11.75 cents per pound, 
and aluminum borings and turnings were 


quoted at 11.75 to 12.25 cents per 
pound. 
Effective at the end of the year, 


quoted delivery prices for 10-ton lots of 
various grades of smelter’s alloy delivered 
to the buyers plant ranged from 24 to 
24.5 cents per pound for 380 (AXS- 
679) alloy containing 3 percent zinc to 
31.25 to 31.75 cents per pound for 218 
alloy grades. Steel-deoxidizing grades 
ranged from 22 cents per pound for 85 
percent aluminum (No. 4 grade) to 
25.75 cents per pound for 95 percent 
aluminum (No. 1 grade). 


FOREIGN TRADE 


The quantity of crude and semicrude 
aluminum exported was 11 percent more 
than in 1966; the value increased 8 per- 
cent. Japan became the principal desti- 
nation of aluminum ingots, slabs, and 
crude, accounting for 18 percent of the 


total. Belgium-Luxembourg was second 
with 11 percent, and the United King- 
dom, the leading market for export of 


3 Materials in Design Engineering. All- 
Aluminum Vessels, Ship Freight Faster, 
Cheaper. Y. 65, No. 5, May 1967, pp. 16-17. 
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Table 10.—U.S. exports of aluminum, by classes 


1966 1967 
Class —ͤ— — — —— 
Short Value Short Value 
tons (thousands) tons (thousands) 
Crude and semicrude: 
Ingots, slabs, and erude .... .... lll LL. 188,240 $90,012 209, 009 399,961 
slg. 2 r: u 48,666 16,289 54,531 17,686 
Plates, sheets, bars, ete 2222 llc clc l- 86,396 71,272 96,275 70,757 
Castings and forgings__.___.__...._.._.._______.-- 2,524 8,592 2,816 11,173 
Semifabricated forms, n. eee 3,939 6,352 8,596 7,524 
7)/;ö;⁊¹ n ATE 329, 765 192 , 467 366,227 207, 101 
Manufactures: I 
Foil and leaf- _ 8,092 5,730 3,612 5,940 
Powders and pastes (aluminum and aluminum bronze) 

(aluminum eontent). -2-2-2222 aaan 908 1,235 1,130 1,550 
Cooking, kitchen, and hospital utensilis . 1,164 3,001 1,082 3, 268 
Sash, sections, frames, (door and window) 4,134 8,132 7,894 10, 840 
Venetian blinds and parts 548 773 318 437 
Wire and cable 8,364 6,451 11,143 8,560 

TOUR. EE 18,210 25, 322 25,179 30,595 

Grand total. 347,975 217,789 891,406 237,696 


Table 11.—U.S. exports of aluminum by classes and countries 


(Short tons) 
1966 1967 
Country Ingots, Plates, Ingots, Plates 
slabs, and sheets, Scrap slabs, and sheets, Scrap 
crude bars, etc.! crude bars, etc.! 

Argenting ------- 6,487 B40 —¿ ¿upo de 9,037 F 
Australia- _--.------------- 28 902 98 5 1,083 366 
Belgium- Luxembourg 1,032 427 146 22, 604 26 264 
1021. inn i vr Mc E 22, 977 892 AA 12, 762 AA V celsus 
RER dee ener 5,432 57,713 2,117 3,966 72,472 589 

Sl oi oe ees 936 170 782 1,082 
Golombig aa 3,888 150 5 8,144 bü, 
El Salvador- -------2.-------- 1,108 FF 738 322 14 

(he EE 20,673 520 14,346 295 
Germany, West -------------- 15,681 2,148 15,255 14,97 1,827 15,835 
Ghana. o si 88 ,978 118222 % ^ -00 8 
Hong Kong 2,939 122 5 1,325 44 
Indis io tos cc ene kee eee 8,282 5,449 ......... 12,736 V 
F ¹à 2,412 154-_.. Z 3 2,174 OF: .Louesceic 
[0 WEE uyo usuy u suum s 1,738 00 1,177 1,008 ......... 
Italy A ese 8,858 8,905 10,405 2,978 2,660 13,214 
Jamaica... wee 72 661 3 45 251 2 
õ·ààAAA ee s 23, 472 1,621 16,850 37,073 2, 964 18 , 456 
Korea, South ............-- 8,726 226 140 8,098 48 28 

ELE a 8 90 804 224 8,859 
Netherlands... 4,405 1,961 1,582 8,062 1,033 488 
New Zealand.................- 673 84 | ucl 831 Al 22e 
akistwaLsssLsssLssns 1,827 29292 7,249 825 22 — 
FP 5. 2-24 2-25 738 240 —— 662 611 ......... 
qoi EE EE 1,013 149 1 1,186 93 820 
Philippines 5,218 91 6 4,657 49 50 
South Africa, Republic of 1, 668 1,969 ......... 1,742 921. uizzzsesen 
e les Be eeu T Ben 1,869 308 485 1,379 489 361 
Sweden 4,877 318 15 6,652 114 29 
Switzerland 1, 630 59 291 1,087 95 68 
Taiwan 884 89 908 3,079 147 2,172 
United Kingdom 27, 622 1,269 177 20, 754 1,948 2,111 

Venezuela. aaa 2,861 1,251 7 1,721 1,760 
Viet-Nam, South. ----------- Se LA WEEN 2.912. EE 
Che eege 6,406 4,619 145 7,888 2,182 66 
Total- Sieg ( 188 ,240 92,859 48,666 209,009 102,687 54,531 
Value, thousands 390,012 386,216 $16,239 $99,961 $89,454 $17,686 


! Includes plates, sheets, bars, extrusions, forgings and unclassified semifabricated forms. 
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aluminum since 1957, dropped to third 
with 10 percent of the total. Exports of 
aluminum scrap increased 12 percent. 
Japan received about one-third of the 
total with shipments to West Germany 
and Italy accounting for most of the 
remainder. 

Total net imports of aluminum in all 
forms declined to less than half the 
record high of 350,000 tons established 
in 1966. 

The total quantity of crude and semi- 
crude aluminum imported was 21 per- 
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cent less than in 1966, largely because 
of drops in receipts of crude aluminum 


and alloys from Canada, Cameroon, 
Japan, Norway, and France. 
Presidential Proclamation 3822 au- 


thorizing reductions in tariffs in accord- 
ance with the Kennedy Round trade 
agreements was signed in December 
1967. The first stage of tariff reductions 
applying to calendar year 1968 and be- 
coming effective January 1, 1968, in- 
cluded certain wrought and unwrought 
aluminum products. 


Table 12.—U.S. imports for consumption of aluminum, by classes 


1966 1967 
Class — 
Short Value Short Value 
tons (thousands) tons (thousands) 
Crude and semicrude: 
Metals and alloys, erudle r 521,021 r $217,013 449,716 $194,995 
Circles and disk 12, 724 8,071 6,196 4,019 
Plates, sheets, etc. n.e.ã ee r 96,592 r 57,937 38 , 770 25,809 
Rods and bar 14,707 10,844 13,375 10,415 
S ⁰˙ A Ä. ͤ K UE E RE 33, 616 10,782 30,489 10,040 
Total. EE 678,660 r 304,647 538,546 245,278 
Manufacturers: mE 
//Ü· et ]ðV2ͤ 2,968 4,505 1,939 8,587 
Folding rules (1) 1 (1) 1 
Leaf (5.5 by 5.5 inche )) (2) 23 (2) 17 
Flakes and powders 492 420 496 388 
Wire: Z ar r ⁵ Add 8 1,220 857 571 610 
Table, kitchen, and hospital utensils, et 2,699 5,592 3,457 6,658 
Other manufacturen s! (1) 3,299 (1) 2,777 
%//»ͤnnhhhPPſhhhPhPf 8 (1) 14,697 (i) 14, 038 
des,, ð i (1) 319,344 (1) 259,316 
r Revised. 


1 Quantity not recorded. 


? 1966, 2,355,500 leaves and 36,163,566 square inches of leaf; 1967, 1,542,500 leaves and 17,540,245 square 


inches of leaf. 
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Table 13.—U.S. imports for consumption of aluminum, by classes and countries 


(Short tons) 
1966 1967 
Country Metal, and Plates, Metal, and Plates, 
alloys, sheets, Scrap alloys, sheets, Scrap 
crude bars, etc.! crude bars, etc.! 
Australia 1,189 / »w . ete 1,466 ......... 
r ⁵ĩð-A ĩðͤ d ee Luteo 2.206 ¿c sus. quieren 1818 
Belgium- Luxembourg 46,795 ........- 94 17,881 ......... 
Cameroon. n r 18,490 T276 deed bebe BS u 8 
Canada -a-a 886,355 8,364 21,628 356 , 209 6,474 29,164 
RE ENER 7%! ³5 „ 
ee EE oe ee 10,184 10,944  ......... 2,918 2:971. c 
Germany, West... 318 5,825 121 117 2,401 __.. :.us 
Greece 6,779 4 11,942 100 ......... 
öÜy y CONDERE 2 12,6959 1 9,4555 
7 EE 14, 758 19,938 978 1,876 5090 
Norw-wayc-cće . . . .. .. .....- 78,721 2,019  ......... 60,165 686 ........- 
Eed AAA cette CES 1,011 7 4,707 2,087. -.. .. 
Sweden 1,000 415 130 ˙•☚i 131 399 
Switzerland 1,017 268- Aulo A Inns rr 140. io 
Taiwan_._ v scc nrc 220 OL ew eens pease hr 88 
United Kingdom 1,956 4,720 5,526 5,207 1,168 878 
Yugoslavia. -...-..-.- hh s (ée 6,5999898 
p ee een 34 207 4,751 6,457 289 548 
fe) =: | CR AAA r 521,021 1 124, 023 33, 616 449, 716 58,841 30,489 
Value, thousands r $217,018 * $76,852 $10,782 $194,995 $40,243 $10,040 

r Revised. 

1 Includes circles, disks, bars, rods, plates, sheets, etc. 

2 Less than Ae unit. 


WORLD REVIEW 


Production of primary aluminum con- 
tinued to increase at a rate of about 10 
percent per year. The United States ac- 
counted for 42 percent of the 721,300 
ton increase in 1967; the estimated 
Soviet increase accounted for 12 per- 
cent, Canada 10 percent, Japan 7 per- 


cent, and the new production from 
Ghana, 6 percent. 
Estimated world consumption  re- 


mained at 8.3 million tons with Asia 
showing a  25-percent increase and 
Europe, the Americas, and the Soviet 
bloc a slight decrease. 

New primary aluminum reduction 
plants were scheduled in Argentina, 
West Germany, Greece, Italy, Norway, 
Yugoslavia, Angola, Republic of South 
Africa, United Arab Republic, India, 
Japan, Iran, Turkey, and New Zealand. 


NORTH AMERICA 


Canada.—Production of 963,400 tons 
represented 89 percent of the installed 
capacity of the two primary aluminum 
producers. An increase of 8 percent over 
1966 figures was achieved in the face of 


voluntary cutbacks by Aluminum Com- 
pany of Canada, Ltd. (ALCAN), a sub- 


sidiary of Alcan Aluminium Limited, for 
inventory control and a 5-week strike 
at the Baie Comeau, Quebec, plant of 
Canadian British Aluminium Company, 
Ltd. (C.B.A.), which reduced produc- 
tion to 85,700 tons. 

Pilot plant research by Alcan at 
Arvida, Quebec, on the development of 
a process for direct reduction of alumi- 
num from bauxite, was indefinitely post- 
poned. During 10 years of research the 
technical feasibility of the monochloride 
proces was demonstrated through the 
small-scale pilot plant stage. 


Jamaica.—Amax Aluminum Co., a divi- 
sion of American Metal Climax, Inc., 
announced plans to construct a plant in 
the Kingston area to produce aluminum 
building products as a joint venture with 
Jamaican business interests. 


Iceland.—Construction began on a 
33,000-short-ton-per-year alumi- 
num smelter by Icelandic Aluminum Co., 
Ltd. (ISAL), a wholly owned subsidiary 
of Swiss Aluminum, Ltd. The plant, lo- 
cated at Hafnarfjórdur in southwestern 
Iceland, is scheduled to begin production 
in mid-1969 with capacity increases to 
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Table 14.—World production of aluminum by countries ! 


3 Includes secondary 
* Includes super-puri: 


(Short tons) 
Country 1963 1964 1965 1966 1967 » 
North America: 

Cf EE 719,390 842,640 F 830,505 r 890,600 963, 400 
Mexico... o soc SA 6,100 19,487 21,041 23,040 23, 714 
United States 2,812,528 2,552,747 2,754,478 2,968,866 3,269,259 

South America 

PAU 2-2 0 er eee 19,412 29 , 866 r 33,518 er 42,000 e 40,000 
S o ood m ³ K mhk ⁰ eE r 1,381 ? 28,330 ? 84,279 
MenezuBla- a ee oat Sus. ` ee EE, dob d Ml eiae Su Sas s e ee 3,407 

urope: 

Mr nasa eet sce ed 84,287 85,646 r 86,880 87,002 e 86,500 
Czechoslovakia qc 65, 000 65, 000 68,000 68,000 72, 000 
Fane ee Ze 828,891 948,319 375,367 400, 701 398, 000 

Germany: 
East 0. ons ee 50,000 50,000 55,000 55,000 55,000 
West. — . ele 280,142 242,418 258,407 268,839 278,710 
c kee EI M r 40,000 79,000 
Hun 88 61,174 62, 693 64, 048 66, 685 e 67,000 
EE 100 , 782 127 , 422 136,660 140,704 e 140,000 
Netherland- ̃ęnm ³o˙ Gm!“ eee vd eit ne 8 22, 422 35, 000 
Norway... AA ee r 248, 400 287, 724 303, 804 r 356,809 399,211 
Poland 2 51,365 52, 639 52,146 60,816 101,700 
N ² a y A 25, 127 51, 644 58,187 
Spalio se :; 8 50,142 54,723 r 57,217 r 66,914 e 77, 600 
Sweden (includes alloys)........... r 18,812 r 93,58 r 34,959 r 32,500 e 34,300 
Switzerland 66,260 70, 805 74,020 r 75, 756 79,697 
U.S:S:R:e uU alo ecce ts r 840,000 r 900,000 r 930,000 r 980,000 1,064,000 
United Kingdom 34,243 35,516 39,911 40,934 43,051 
n Yugoslavia... ...................- 89,567 88,320 45, 545 46,321 49, 134 

rica: 

Camerooů nn 58,327 56,777 55, 652 r 53, 681 58,258 
/!ö§öf0ĩ?ẽ⁵5ẽ ⁵ ̃ꝗ̃ ̃ ꝗ ñ ⁵ FFF“... us doa 2 43,752 
China, mainland e ............... 110,000 110,000 110,000 110,000 90,000 

Indis... —— llo ales as 60,881 62,465 74,041 91,808 106,210 
2855 EE 246,854 292,950 323, 972 371,778 421, 123 
Taiwan... ß eee eom 18, 148 21,354 0,847 18,978 17,020 

Oceania: Australia 46,214 88,194 96,744 r 101,262 101,848 
p 2:2 52x ines r 5,861,919 76,530,794 76,929,266 7, 560, 885 8,285,416 
¢ Estimate. p Preliminary. r Revised. 
1 Compiled from data available May 1968. 
$ Exports. 


; 1968, 2,060; 1964, 2,136; 1965, 2,023; 1966, 2,278; and 1967, 3,057. 


> Totals are of listed gures only; no undisclosed data included. 


66,000 tons by 1973. At full capacity the 
plant will require 120,000 kilowatts of 
power to be obtained from a 210,000- 
kilowatt hydroelectric powerplant under 
construction at Burfell on the Thjorsa 
River. Total estimated cost of the power- 
plant and smelter at full capacity is 
$100 million, part of which was financed 
by a World Bank loan of $18 million. 


Mexico.—Construction began to in- 
crease aluminum ingot capacity at the 
Veracruz plant of Aluminio Mexicano 
S. A. de C. V. to 33,000 tons by 1968 
and to 44,000 tons by 1970 at an esti- 
mated cost of $20 million. The company 
is owned 35 percent by Aluminum Com- 
pany of America, 14 percent by Amer- 
ican Foreign Power Co., and 51 percent 
by Mexican interests. 


SOUTH AMERICA 


Argentina.—Construction of a 44,000- 
ton-per-year aluminum reduction plant at 
Puerto Madryn and a 225,000-kilowatt 
hydroelectric powerplant about 300 miles 
to the west near Esquel was recommended 
as a result of a feasibility study conducted 
for the Árgentine Air Force. The plant 
would depend on foreign sources of 
bauxite since Argentina has no known 
reserves. 


Brazil.—Construction began, with com- 
pletion scheduled for mid-1970, on an 
aluminum mining, refining, and smelting 
complex in Poços de Caldas, State of 
Minas Gerais. The operating company, 
Companhia Mineira de Alumínio 
(ALCOMINAS) owned by Aluminum 


ALUMINUM 


Company of America, The Hanna Mining 
Company, and Brazilian interests, an- 
nounced initial capacity at 27,500 tons 
per year to be expanded if market condi- 
tions warrant. Large reserves of high- 
grade bauxite, discovered by The Hanna 
Mining Company geologists, occur within 
a S-mile radius of the alumina refining 
plant site. Capital requirement for the 
complex is estimated at $55 million of 
which $22 million was financed by a 
World Bank loan. 

Combined capacity of the two primary 
aluminum producers was 45,700 short 
tons at yearend. 


Surinam.—Production at the new 
58,000-ton-per- year aluminum reduction 
plant of Suriname Aluminum Co. (SUR- 
ALCO) reached only about 65 percent of 
capacity primarily because of a shortage 
of water for the hydroelectric facility at 


Afobaka. 


Venezuela.— The 11, 000-ton-per-year 
primary aluminum plant of Aluminio del 
Caroní, S. A. (ALCASA), owned 50 per- 
cent by Reynolds International, Inc., and 
50 percent by the Venezuelan Govern- 
ment, was officially dedicated in October. 
Capacity will be doubled by 1969 with 
the installation of 70 additional cells. 
Alumina was imported from the United 
States and Jamaica. 


EUROPE 


Consumption of primary aluminum 
dropped 3 percent from the record high 
set in 1966. Only Austria and Italy 


Table 15.—-Non- Communist Europe: 
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showed marked improvement. New pro- 
duction capacities in Greece and the 
Netherlands, a 67- percent production in- 
crease in Poland, and a 12-percent in- 
crease in Norway, were largely responsible 
for an overall primary production increase 
of about 9 percent. 


Belgium.—Reynolds International, Inc., 
became full owner of Aluminium— Europe, 
S. A., operator of an aluminum extrusion 
and foil plant near Mons, by acquiring the 
50 percent interest held by Societé Générale 
de Belgique. 

Negotiations were held between Kaiser 
Aluminum & Chemical Corp. and the 
Belgian government for the possible con- 
struction of a 110,000-ton-per-year alumi- 
num reduction plant near Liége. Belgium 
is the only sizable European country 
without primary aluminum capacity. 


France.—Production and consumption 
of aluminum leveled off in 1967 after 
recording a steady growth for 10 years, 
during which time production doubled. 

A 27,500-ton-per-year secondary alumi- 
num smelter operated by Ste’ Affinerie de 
PIle de France (Affifrance), a subsidiary 
of Péchiney, started production, increas- 
ing the secondary aluminum production 
capacity of France by 50 percent. 


Germany, West.—Following the United 
States and the U.S.S.R., West Germany 
became the world’s third largest consumer 
of aluminum. About 655,000 tons were 
consumed in 1966, derived from the fol- 
lowing sources: Local primary, 265,000; 


Consumption of primary aluminum 


(Thousand short tons) 


Country 1963 

United Kingdom 851 
Germany, Wees 334 
FF ³o·ww ZS SS wao E EE 267 
CC ³Ü0Ümſ.. 8 141 
Belgium- Luxembourg 98 
Seitzerland.. 2-2 Lll... (1) 
Sweden ee EE 55 
AUS oes y y A ER 46 
Is EE 24 
IN OPW OY ee ... ee 23 
Other countries 46 

TOfül:o-:2222 029.2 522 Sa 81 nua 1,440 

r Revised 


1 Data not available. Estimate included in total. 


1964 1965 * 1966 1967 
401.4 400.6 407.1 397.8 
390.2 400.2 439.5 455.5 
274.8 274.0 828.7 824.0 
132.3 141.1 188.4 202.8 
124.1 129.0 168.1 144.3 
56.2 68.3 65.8 65.3 
56.4 48.7 65.7 51.1 
50.7 53.1 48.6 66.7 
50.7 70.5 93.3 86.2 
40.8 33.6 43. 0 87.5 
50.9 58.2 67.9 67.8 
1,628.5 1,677.3 1,916.1 1,898.5 


2 Netherlands, Greece, Denmark, Portugal, Ireland, Finland, and Turkey. Includes Bureau of Mines esti- 


mates. 


Source: Organization for Economic Cooperation and Development (OECD). 
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local secondary, 195,000; and primary 
imports, 195,000. 

Kaiser Aluminum Kabel-Werk G. m. 
b.H., a subsidiary of Kaiser Aluminum & 
Chemical Corp., negotiated for a plant 
site at Voerde near Dinslaken on the 
Rhine for construction of a 65,000-ton- 
per-year aluminum smelter. À joint ven- 
ture formed by Metallgesellschaft A. G., 
Frankfort, and Schweizerische Aluminum 
A. G., Switzerland, announced plans for 
a comparable aluminum capacity in the 
same area. 

The VAW-Alcan aluminum fabricating 
plant at Nort, near Neuss, a joint venture 
of Vereinigte Aluminium Werke A. G. 
(VAW) and Alcan Aluminium Limited 
began production. The plant's hot and 
cold mills with an annual capacity of 
200,000 tons is expected to increase the 
country’s fabricating capacity by about 
50 percent when full production is at- 
tained in 1968. 


Greece.— The 80,000-ton-per-year alu- 
minum reduction plant of Aluminium de 
Gréce, S. A., reached full capacity in 
1967. Plans were announced for construc- 
tion of a second unit in the same area at 
Distomon on the Gulf of Corinth which 
will double annual capacities to 400,000 
tons of alumina and 160,000 tons of 
aluminum. 


Italy.—Aluminio Sarda, a consortium of 
Italian and Belgian companies, announced 
that its plans for a 110,000-ton-per-year 
aluminum reduction plant on the island 
of Sardinia had reached an advanced 
stage. The plant is reportedly scheduled 
for completion in 1970. Production in 
1967 of 140,000 tons represented near 
capacity. 

Netherlands.—The capacity of the 35,- 
000-ton-per-year aluminum reduction 
plant at Delfzijl, which went into opera- 
tion as this country's first primary alumi- 
num plant in mid-1966, will be increased 
to 80,000 tons per year. The plant used 
natural gas for fuel and is operated by 
Aluminium Delfzijl N. V. (ALDEL), a 
joint venture of the Swiss company, 
Schweizerische Aluminium A. G. (Al- 
lusuisse) and the Dutch enterprises, N. 
V. Billiton Maatschappij and Royal 
Netherlands Blast Furnaces & Steel Works 
(Hoogovens). The alumina is supplied 
by Suriname Aluminum Co. (SURALCO), 
a subsidiary of Aluminum Company of 


America. 
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Norway.—An agreement was reached 
for the integration of the Government 
owned A/S Aardal Og Sunndal Verk 
(ASV), Norway’s largest primary alumi- 
num producer, with Aluminum Company 
of Canada, Ltd. (Alcan), a subsidiary 
of Alcan Aluminium Ltd. The new 
Alcan/ASV Company will have an annual 
capacity of about 265,000 tons when 
expansions are completed and will also 
own the Nordisk Aluminium Industrl 
fabricating plant near Oslo. 

A/S Alnor Aluminum owned jointly by 
Norsk Hydro-Elektrisk, A/S and Harvey 
Aluminum, Inc., started production at its 
88,000-ton-per-year aluminum reduction 
plant at Haavik on the island of Karmoy. 
An integrated 66,000-ton-per-year fabrica- 
tion plant was scheduled for completion 
in early 1968. 

Construction was started on a 33,000- 
ton-per-year aluminum reduction plant 
by Alcoa and Elektrokemish, A/S (Elken) 
at Lista. Startup is scheduled for early 
1970 with expansions to 110,000 tons 
planned when power is available. 


Poland.—The new Konin Aluminum 
works in the Posaan district reached full 
capacity of 52,500 tons per year. The 
older plant at Skawina also operated at 
capacity and will be expanded to 66,000 
tons per year. 

Construction of an alumina-from-clay 
plant near Kielce was announced. Al- 
though Poland is now totally reliant on 
bauxite imports, large clay deposits 
containing over 25 percent alumina form 
the overburden of brown coal deposits 
being exploited by strip mining. 


Rumania.—Primary aluminum annual 
capacity at the Slatina reduction plant 
was expanded to 82,500 tons and con- 
struction was started to further expand to 
120,000 tons by 1969. Expansion of the 
associated alumina works to 200,000 tons 
will be completed in 1968. Anode plant 
capacity was 24,000 tons per year, suf- 
ficient to cover the requirements of the 
full expansion. 

Spain.—The four primary aluminum 
reduction plants (two Government-con- 
trolled and two privately owned) ex- 
panded annual capacity to 96,000 tons 
at yearend with additional expansions 
planned to 142,000 by 1970. Consump- 
tion, however, was equal to production 
in 1967 and planned expansions are 
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not expected to make Spain a net ex- 
porter. 


Sweden.—Svenska Metallverken and its 
subsidiary Svenska Aluminiumkompaniet 
(Sako) increased productive capacity for 
both primary and worked aluminum. The 
rolling mill at Finspong increased annual 
capacity from 39,000 to 78,000 tons and 
the reduction plant at Sundsvall, Sweden’s 
only primary producer, will attain a 
55,000-ton-per-year capacity in 1968. 


United Kingdom.—The Foyers Works 
of British Aluminium Co., Ltd. (BACO), 
producer of super pure (99.99 percent) 
aluminum ceased operations in 1967. 

Negotiations were underway through- 
out the last half of 1967 among Govern- 
ment officials and representatives of Alcan, 
BACO and Rio Tinto-Zinc Corp., Ltd. 
(RTZ), for competitive bids on the con- 
struction of two  120,000-ton-per-year 
primary aluminum reduction plants in 
the British Isles—one to be in production 
by 1970 and the other by 1974. Cost 
studies were conducted on nuclear versus 
coal-fired powerplants as a source of 
electricity. 


U.S.S.R.—Estimated annual production 
of aluminum was revised downward by 
200,000 tons to 480,000 tons for the past 
4 years to eliminate secondary production 
and to report estimated primary produc- 
tion only—-about 1 million tons in 1967. 

As the world’s second largest primary 
aluminum producer, the U.S.S.R. exported 
about 325,000 tons; imports were 
negligible. 


Yugoslavia.—Announcement was made 
of the formation of a bauxite-aluminum- 
power complex near Tit rad in Monte- 
negro, to be financed by Yugoslav In- 
vestment Bank funds. Primary aluminum 
capacity is planned for 55,000 tons per 
year with startup scheduled for 1971. 


AFRICA 


Angola.—Aluminio Portugues (SARL) 
secured the necessary financing to com- 
plete the company’s aluminum reduction 
plant at Dondo with Péchiney participa- 
tion. Startup is scheduled for 1970 with 
initial annual capacity of 27,500 tons 
which will later be doubled. 


Cameroon.—A water shortage again 
curtailed production of primary aluminum 
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at the Edea plant of Compagnie Came- 
rounaise de Aluminium (ALUCAM), 
Africa’s first aluminum reduction facility. 

Construction was started on a third 
dam on the Sanaga River which when 
completed in 1971 is expected to make 
available sufficient hydroelectric power to 
attain full capacity of 66,000 tons per 
year. 

An aluminum rolling mill to produce 
roofing and semi-finished corrugated sheet- 
ing was dedicated at a site adjacent to 
the ALUCAM plant. 


Ghana.—Africa’s second primary alu- 
minum producer, Volta Aluminum Co. 
Ltd. (VAICO), made its first shipment 
in March and reached full capacity of 
115,000 tons per year by yearend. The 
$122 million facility is owned 90 percent 
by Kaiser and 10 percent by Reynolds. 


Libya.—Alcoa International, in a joint 
venture with Libyan investors, formed 
Aluminium Co. of Libya, Ltd. (Alcolib) 
to fabricate aluminum windows, doors, 
shopfronts, etc., for Libya’s construction 
market. 


Mozambique.—A group of industrialists 
applied for a license to establish a com- 
plex for the production of caustic soda, 
alumina, and aluminum to use bauxite 
from Malawi and from local deposits. 


South Africa, Republic of.—It was 
announced that Richards Bay, about 100 
miles north of Durban in Zululand, was 
selected as the site for a 55,000 tons per 
year aluminum reduction plant to startup 
in 1970. The $56 million joint venture of 
the Industrial Development Corp. (IDC) 
of South Africa and Allusuise will re- 
portedly use bauxite from Malawi. Con- 
stuction was scheduled to begin in May 
1968. 


United Arab Republic.—Agreement was 
reached for Poland to assist in the con- 
struction of a $35 million, 40,000-ton- 
per-year-capacity aluminum plant at Suez 
to process alumina from India. Comple- 
tion was scheduled to coincide with that 
of the Aswan High Dam. 


ASIA 


India.—The Government-owned Bharat 
Aluminium Co., Ltd., announced plans to 
proceed with the Korba project which 
includes a 220,000-ton-per-year alumina 
plant to be built with Hungarian as- 
sistance, and a 110,000-ton aluminum 
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reduction plant and allied manufacturing 
facility to be constructed with Soviet as- 
sistance. An agreement was also concluded 
with Vereinigte Aluminium-Werke, A. G. 
(VAW), for technical assistance in estab- 
lishing a 27,500-ton-per-year aluminum 
reduction plant at Koyna, Maharashtra. 
Both plants were scheduled to be in pro- 
duction by 1971. 

Action was taken by the Indian Alumin- 
ium Co. to establish an integrated bauxite 
mining-alumina refining-aluminum reduc- 
tion plant in Mysore State to begin pro- 
duction in 1970 with initial annual capac- 
ity of 33,000 tons of primary aluminum. 

Hindustan Aluminium Corp. Ltd., 
raised annual capacity at its aluminum 
reduction plant at Mettur, Madras, to 
14,000 tons and announced plans to 
double capacity to 28,000 tons by late 
1968. 

Total expansions and new construction 
announced in 1967 will increase primary 
aluminum annual capacity in India to 
365,000 tons by 1971. 


Iran.—Negotiations for construction of 
a 55,000-ton-per-year aluminum reduction 
plant to be located in the western part 
of Iran were completed. The $44.5 million 
plant, scheduled for production by 1971, 
will be operated by Iran Aluminum Co. 
(IRALCO), owned 65 percent by Iran, 
10 percent by Pakistan, and 25 percent 
by Reynolds Metals Co. 


Japan.—Japan became the world's 
fourth largest producer of primary alumi- 
num and advanced to third place in world 
consumption, producing and consuming 
421,000 and 562,000 tons, respectively. 

The aluminum shortage predicted 
early in the year failed to materialize and 
a surplus was reported by mid year, 
caused by an increase in net imports of 
primary aluminum from 28,900 tons in 
1966 to 132,800 in 1967. 

The fifth primary aluminum production 
company in Japan, The Mitsui Aluminum 
Industry Co., composed of six Mitsui 
Group companies, was organized. A 33,- 
000-ton-per-year aluminum reduction plant 
on the island of Kyushu is scheduled for 
completion in late 1969 with expansion 
to 66,000 tons by 1972. Alumina will be 
imported from Australia. 

Japan Light Metals Co. Ltd. (50-per- 
cent owned by Alcan) announced plans 
for construction of a new 55,000-ton-per- 
year aluminum reduction plant at 
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Tomakomai, Hokkaido, scheduled to be in 
production by 1971. The new plant will 
increase the annual aluminum capacity 
of the company to about 300,000 tons 
by 1972. 

The 19,000-ton-per-year aluminum re- 
duction plant of Sumitomo Chemical Co. 
Ltd. began operation in June. Expansions 
are underway to increase capacity to 
75,000 tons per year, which when com- 
pleted by 1971 will increase the com- 
pany's total capacity to 163,500 tons. 

The aluminum melting and casting 
facility (hot mill) of Sky Aluminium Co. 
Ltd. was commissioned in April. The 
148-inch mill is the largest of its kind in 
Japan. 

Taiwan.—The Taiwan Aluminum 
Corp., the only producer of aluminum in 
Taiwan, began installation of equipment 
to increase annual capacity from 22,000 
to 35,000 tons. The expansion is scheduled 
for completion in 1968. 


Turkey.—An agreement was signed be- 
tween Turkey and the Soviet Union for 
construction of a $110 million aluminum 
reduction plant at Seydisehir, about 180 
miles south of Ankara. Scheduled for 
startup in 1972, the plant will have an 
annual capacity of 66,000 tons. 


OCEANIA 


Australia.—Comalco Aluminum, Ltd. 
(capacity 72,000 tons per year); Alcoa of 
Australia, Pty. Ltd. (capacity 45,000 tons 


. per year), and, Alcan Australia, Ltd., with 


a 40,000 ton per year aluminum reduc- 
tion plant under construction at Kurri 
Kurri, near Sydney, formed the Alumi- 
num Association of Australia and an 
Aluminum Development Council for mar- 
ket development and sales promotion, 
compilation of statistics, and the establish- 
ment of industrial standards. 


New Zealand.—Negotiations reached an 
advanced stage among two Japanese alumi- 
num producers, Sumitomo Chemical Co. 
Ltd. and Shoua Electro-Chemical Industry 
Co. Ltd., and Comalco Industries, Pty., 
Ltd. (50-percent owned by Kaiser) for 
construction of a  100,000-ton-per-year 
aluminum reduction plant at Bluff, South 
Island, to utilize alumina from Gladstone, 
Australia. Electric power will be available 
from Manapouri hydroelectric project at 
an estimated cost of 0.2 cent per kilowatt- 
hour, reportedly the lowest rate in the 
world. 
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ALUMINUM 
TECHNOLOGY 
Direct operating costs and electric the aluminum industry toward the use of 
energy consumption at the  Intalco computers and automatic devices to meas- 


Aluminum Corp., 152, 000-ton-per-year 
alumina reduction plant at Bellingham, 
Wash., which began operation in 1966, 
reportedly were the lowest in the in- 
dustry.“ Utilization of large reduction 
cells (15 feet wide, 25 feet long, and 4 
feet deep) and high current densities 
(120,000 amperes) reportedly resulted in 
lower heat losses and electric energy con- 
sumption. Additional efficiency was 
achieved through extensive use of mechani- 
zation in feeding alumina and fluoride 
compounds to the cells, removal of molten 
aluminum from the cell, and in mixing 
electrode ingredients to achieve optimum 
and uniform properties. 

Fluorine-containing vapors, other gases, 
and small particles of alumina and other 
materials that emanate from the reduction 
cells during operation are removed from 
the air at the Intalco plant by a system of 
fiber-glass-reinforced plastic scrubbers in- 
stalled in the roof of the potrooms. Al- 
though the $9 million cost of the system 
reportedly was somewhat higher than for 
other systems used in the industry, the 
firm expected to achieve savings in oper- 
ating and maintenance costs using the 
plastic scrubbers. Each of the 120 plastic 
scrubbers in use at the plant weigh 18,000 
pounds and employ 80 horizontal water 
sprays. The system uses more than 3 mil- 
lion gallons of water per day.“ 

Aluminum metal is produced commer- 
cially in up to 200 individual reduction 
cells, electrically connected in series to 
make up the potline. The rate at which 
aluminum is produced in each of the cells 
is proportional to the product of the total 
line current and the current efficiency pre- 
vailing in the cell. Hence, changes in the 
operating conditions in an individual cell 
affect the rate of production in all of the 
cells in the line. The factors affecting the 
operating of the cell such as the chemical 
composition and electrical properties of 
the cell bath, the bath temperature, the 
distance between the electrodes in the cell, 
and the effects of these factors on the effi- 
ciency of the production process have been 
investigated for many years. A series of 
reports presented at the 1966 annual 
meeting of American Institute of Mining, 
Metallurgical, and Petroleum Engineers 
(AIME) reflected the increasing trend in 


ure and control the production process 
and achieve maximum current efficiencies 
consistent with economic considerations.? 
The addition of lithium salts to the 
alumina reduction cell electrolyte was 
found to increase aluminum output by 10 
to 12 percent, with simultaneous reduc- 
tion in power, anode carbon, and electro- 
lyte consumption.’ Extensive use of lith- 
ium in commercial operations may be 
achieved in the future if an assured sup- 
ply can be developed and the initial cost 
of the lithium can be reduced. Develop- 
ment of suitable methods to recover lith- 
ium from used pot linings and plant 
fumes also would improve the economics 
of its use in aluminum production. 
Although aluminum was first prepared 
by electrolysis of aluminum chloride in a 
sodium chloride electrolyte in 1854, the 
literature subsequent to the introduction 
of the Hall-Heroult process which has 
been used commercially since 1896, shows 
little published data on chloride processes. 
This chloride electrodeposition process 
carries a potential economic advantage 
over the commercial Hall-Heroult method, 
because nonconsumable anodes may be 
used with a significant saving in cost and 
because its lower temperatures are more 
economical to maintain. Research resulted 
in the establishment of conditions for 
small-scale deposition of aluminum from 
a molten chloride bath in two different 
cell designs and systems, one using a solid 
titanium diboride cathode. It was con- 


4 Chemical Engineering. New Techniques in 
Auminum Production. V. 74, No. 12, June 5, 
1967, pp. 102-104. 

odern Metals. France's Pechiney “Invades” 
U.S. Primary Aluminum Business. V. 22, No. 
9, October 1966, pp. 55—58. 

5 Steel. Intaleo Puts Lid on Air Pollution. V. 
159, No. 10, Sept. 5, 18555 p. 42. 

6 ‘Kojima, T., and Ichihara. Prospects for 
Automation of the een Reduction Proc- 
512 En Metals, v. 8, No. 3, March 1966, pp. 

McMahon, T. K., and G. P. Dirth. Computer 
Control of Alum num Reduction Cells. J. Metals, 
v. 18, No. 3, March 1966, pp. 317-319. 

McMinn, C. J. Status of Gas Analysis Control 
of Aluminum Reduction Cells. J. Metals, v. 18, 
No. 3, March 1966, pp. 308-311. 

7 Lewis, R. A. Aluminum Redu ction: Evalu- 
ating 5 Percent Lif-Modified Hall Bath in 10KA 
Experimental Reduction Cells. J. Metals, v. 19, 
No. 5, May 1967, pp. 30-36. 
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cluded that the results were favorable 
enough to warrant further research in 
cells of increased capacity.? 

During 1967 interest continued in di- 
rect reduction processes for aluminum. 
However, research was abruptly termi- 
nated on the Alcan Aluminum, Ltd., sub- 
halide process which had excited the most 
interest and about which the most infor- 
mation had been released. Technical rea- 
sons for the decision were not given but it 
was known that severe temperature con- 
ditions, problems of handling the hot 
metal, and the corrosive nature of the 
gases made it difficult to scale up the 
process from laboratory to semiworks.? By 
postponing revamping the 8,000-ton-per- 
year experimental plant indefinitely the 
company stated that total research-and- 
development expenditures were reduced 
by 15 to 20 percent, or by approximately 
$2 to $3 million.!? 

Reynolds Metals Co. has a direct-reduc- 
tion pilot plant in operation at Richmond, 
Va. The Reynolds process reportedly uses 
a raw material which is half alumina and 
half low-grade bauxite or clay. It is a 
single-step electrolytic process that elimi- 
nates the alumina stage in the present 
bauxite-alumina-metal process. It pro- 
duces aluminum of less purity than the 
present process. However, plant equip- 
ment investment is considerably reduced. 
The company predicted that in 10 years 
it could be producing 20 percent of its 
aluminum by this process.“! 

High-purity aluminum (99.99 percent 
Al) was produced for many years by re- 
fining commercial-purity aluminum in the 
Hoopes cell. Since 1960 lower cost pre- 
cipitation-crystallization methods have 
been developed. One of the most recently 
developed methods includes treatment of 
the molten aluminum with boron to pre- 
cipitate high melting point impurities. 
After separation the liquid phase is par- 
tially crystallized, the crystals separated 
and partially remelted. The unremelted 
crystals, which are the high-purity metal, 
are then recovered.” 

A new die casting process, Acurad, de- 
veloped by General Motors Corp., was 
reported as likely to increase the use of 
aluminum in the automobile industry as 
well as in other consuming industries. 
This process results in castings 3 to 5 per- 
cent denser than those from conventional 
methods, and which are more uniform 
and dimensionally accurate and have a 
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better surface finish. Undersurface defects 
from trapped air bubbles are said to be 
virtually eliminated. 

The claimed improvements result 
largely from use of a double-plunger sys- 
tem in which the second plunger is 
smaller in radius and is a concentric part 
of the first plunger. The second plunger 
forces more molten metal into the die 
cavity at just the proper moment of solidi- 
fication, filling the voids and eliminating 
air bubbles. Other modifications include 
lower velocity of injection of the molten 
metal into the die, use of a wider gate on 
the die, and better cooling of the die. 

Development of the Acurad die casting 
equipment was likely to advance the use 
of aluminum engine blocks. Studies were 
conducted to eliminate the need for cast 
iron sleeves in the cylinder bores of an 
aluminum engine block to make it eco- 
nomically competitive with the cast iron 
block. It appeared that an aluminum alloy 
containing 14 to 19 percent silicon would 
be used and a method called silicon-lap 
finishing was developed, whereby a con- 
trolled amount of softer aluminum alloy 
components is removed leaving the harder 
silicon particles slightly raised on the bore 
surface. This preconditions the surface of 
the bore so that wear is minimized when 
starting the engine in cold weather.!* 

Master alloys or hardeners have been 
used in the aluminum industry for many 
years. Such alloys, which combine alumi- 
num with such metals as titanium, zir- 
conium, manganese, and chromium, pro- 


8 Good, P. C., M. O. Butler, and L. A. Yerkes. 
Electrodeposition of Aluminum From Fused- 
Salt Electrolytes Containing Aluminum Chlo- 
ride. BuMines Rept. of Inv. 6785, 1966, 13 pp. 

9 Chemical Week. Go Directly to Aluminum. 
V. 101, No. 12, Sept. 16, 1967, pp. 89—91, 94, 96. 

10 Chemical Week. Aluminum by Direct Re- 
duction Has Been Shelved. V. 101, No. 14, 
Sept. 30, 1967, p. 54. 

Work cited in footnote 9. 

11 Light Metal Age. Reynolds Expands Pa- 
cific Northwest Production. V. 24 Nos. 9-10, 
October 1966, pp. 6-8. 

Wall Street Journal. Alcan Aluminum Delays 
Bid To Mind e Process. V. 170, No. 58, Sept. 
22, 4967, p. 

2 Russell, alte S., Stanley C. Jacobs, Noel 
s and Bernard M. Starner. A New Proc- 
ess To Produce High-Purity Aluminum. Trans. 
AIME v. 239 (Metallurgy), No. 10, October 
1967, pp. 1630—1633. 

13 Light Metal Age. New Low Pressure 
Double-Plunger System for Aluminum. V. 24, Nos. 
7-8, August 1966, pp. 6-9. 

Parker, Bill. Aluminum Use Given Sizeable 
Lift by GM's New *''Acurad" Technique. Am. 
Metal Market, v. 73, No. 150, Aug. 4, 1966, 
pp. 2, 15. 

14 Murray R. W. Aluminum Engine Tech- 

nology: Where Is It Now? Iron Age, v. 199, 
No. 5, Feb. 2, 1967, pp. 70-71. 
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vide a convenient and efficient means for 
introducing and dispersing alloying in- 
gredients into the molten metal in the 
furnace. The result is an aluminum alloy 
with greater castability, better physical 
properties, and improved electrical con- 
ductivity. The development of high-purity 
master alloys and effective methods of 


15 Hoff, J. 
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adding them to the product have made an 
important contribution to the versatility 
of aluminum. Methods of producing mas- 
ter alloys, new developments, and the 
future of the industry were discussed.!5 


C. Master Alloys Aid Aluminum 
Industry Growth. J. Metals, v. 18, No. 12, 
December 1966, pp. 1275-1277, 1285. 
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Antimony 


By Donald E. Moulds ! 


In 1967, for the first time since 1964, 
activity in the antimony industry was be- 
low that of the previous year. The 12-per- 
cent decrease in consumption of primary 
antimony was reflected in a 14-percent de- 
crease in output of primary antimony and 
a reduction in imports of ore, metal, and 
oxide. Output of byproduct antimony was 
adversely affected by the. strike shutdown 
of lead smelters and refineries operated by 
American Smelting and Refining Company 
and International Smelting & Refining 
Co. Secondary production also continued 
the downward trend from the 1965 record 
level. 

The price of imported chemical-grade 
ore increased approximately 50 cents per 
unit in the second and third quarters of 
the year owing to uncertainties of de- 
liveries from mainland China and military 
requirements. The market eased in the 
fourth quarter with a resulting yearend 
price appoximately 30 cents per unit 
above the January quotation. 


Legislation and Government Programs.— 
Under authorization of Public Law 88-615 
enacted in 1964, the General Services Ad- 
ministration disposed of 60 tons and de- 


livered 62 tons of surplus Government 
stocks of antimony, compared with the 66 
tons sold and 58 tons delivered in 1966. 
After June 1, 1966, sales were off-the-shelf 
with a minimum acceptable order of 5 
short tons of metal, 500 short-ton units of 
antimony as liquated antimony, or 2,500 
short-ton units of antimony in ore. Sale 
price was based on the American Metal 
Market quotation, f.o.b. storagé locations. 
Of the initial disposal authorization of 
5,000 tons, 2,623 tons remained for sale at 
yearend. Total government inventory at 
the close of the year was 49,371 tons, of 
which 23,871 tons was surplus. In addition 
to the antimony inventory, the stockpile 
contained 10,500 tons of surplus antimonial 
lead, about 9,000 tons of which was avail- 
able for disposal at the close of 1967. 

Effective September 12, 1967, the Gov- 
ernment participation in the allowable costs 
of exploring for antimony was increased 
from 50 percent to 75 percent, under the 
program administered by the Office of 
Minerals Exploration, Geological Survey, 
of the Department of the Interior. 


1Commodity specialist, Division of Mineral 
Studies. 


Table 1.—Salient antimony statistics 


(Short tons) 
1963 1964 1965 1966 1967 
United States: 
Production: 
Primary: 
IT/ ͥ were ei 2 SS o E 645 632 846 927 892 
Smelter !...... NO i'ẽ 8 12,117 18, 858 12,889 14, 539 12, 466 
Secondary 20,808 22,839 24,821 24,258 28 , 664 
Exports of ore, metal and alloys.............. 14 807 1 2 82 
Imports, general (antimony content) 17,781 16,718 14,879 19,712 17,419 
Consumption 216, 532 15,839 16,919 19,681 17,350 
Price: New York, average cents per pound 34.75 42.22 45.75 45.75 45.75 
World: Produe tion 63, 882 70, 816 70, 541 68, 513 64, 402 


Includes primary content of antimonial lead produced at primary lead smelters. 
2 Includes primary content of antimonial lead produced at primary lead smelters and antimony content of 


imported alloys (not available after 1963). 
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DOMESTIC PRODUCTION 


MINE PRODUCTION 


Antimony produced as identified anti- 
mony ore and concentrates at domestic 
mines declined 4 percent to 892 tons. Lead- 
silver ores of the Coeur d’Alene district of 
Idaho accounted for 823 tons, slightly 
below the 834 tons registered in 1966, 
reflecting the strike-curtailed mining 
operations in the district. The antimony 
concentrates from Sunshine Mining Co., 
Hecla Mining Co., and Silver Dollar Min- 
ing Co. were processed into cathode metal, 
96 percent antimony, at the Sunshine 
Mining Co. electrolytic plant. 

Antimony concentrates containing about 
10 tons of antimony were produced at the 
Stampede mine in Alaska. Antimony con- 
centrates produced in 1966—67 at the 
Stibnite mine in Sanders County, Mont., 
and milled in the Raven flotation mill 
were shipped to the Laredo smelter. 
Approximately 53 tons of antimony, con- 
tained in concentrates and selected ore, 
was shipped from mines in Nevada to the 
Laredo, Tex., smelter. 

Antimony Refining Company was re- 
portedly constructing a  25-ton-per-day 
pilot oxidizing plant at Panaca, Nev., to 
process ores from Nevada, Utah, and 
Mexico. 


SMELTER PRODUCTION 


Prinary.—The production of antimony 
in metal, oxide, and other products totaled 
12,500 tons, a decrease of approximately 
2,000 tons compared with the 1966 total. 
Foreign antimony ore and concentrates or 
byproduct antimony from foreign lead ores 
supplied 84 percent of the material for 
smelter production. Domestic sources sup- 
plied 16 percent, 7 percent from mine ore 
and 9 percent as a byproduct of domestic 
lead ores. Byproduct antimony recovered 
at primary lead refineries was mainly con- 
sumed at the refinery in manufacturing 
antimonial lead. A small amount was pro- 
cessed to oxide or recycled in residues. 
Smelter output of primary products, in 
ratios essentially the same as those of 1966, 
was divided as follows: Metal, 32 percent; 
oxide, 53 percent; antimonial lead, 12 per- 
cent; and sulfide and residues, 3 percent. 

The National Lead Co. smelter at 
Laredo, Tex., and the Sunshine Mining Co. 


electrolytic plant produced antimony 
metal. American Smelting and Refining 
Company, Harshaw Chemical Co., McGean 
Chemical Co., M & T Chemicals, Inc., and 
National Lead Co. produced antimony 
oxide. Foote Mineral Co., Hummel Chemi- 
cal Co., and McGean Chemical Co. proc- 
essed ore for consumption as a sulfide. 
American Smelting and Refining Company 
was the major producer of byproduct anti- 
mony. 


Secondary.— The processing of lead 
scrap at primary lead plants was sharply 
reduced owing to the strike during the 
second half of the year. Secondary anti- 
mony recovery decreased from 286 tons in 
1966 to 185 tons in 1967. Secondary lead 
plants maintained about the same level of 
lead output, but antimony recovery de- 
creased about 300 tons to 22,900 tons. 
Manufacturers and foundries recovered 840 
tons of antimony while reprocessing manu- 
facturing scrap, compared with 1,070 tons 
in 1966. Sources of old scrap, which con- 
tributed 89 percent of the secondary anti- 
mony, consisted of the following: Batteries, 
66 percent ; type metal, 22 percent; babbitt, 
5 percent; and miscellaneous articles, 7 
percent. Scrapped batteries continued to be 
an increasingly large source of secondary 
lead and antimony. New scrap consisting 
of residues and drosses from manufacturing 
and casting, amounted to 2,600 tons, or 11 
percent of the total. Because the antimony 
recovered at secondary lead plants is nor- 
mally insufficient to meet the commercial 
specifications of antimonial lead alloys, 
3,350 tons of primary antimony was re- 
quired to supplement the secondary anti- 
mony during 1967, compared with 3,830 
tons in 1966. 


Table 2.—Antimony mine production and 
shipments in the United States 
(Short tons) 


Antimony Antimony 
concentrate 
Year Anti- Pro- 
Quantity mony duced Shipped 

content, 

percent 
196388... 3, 540 18.2 645 503 
1964 „ 3, 296 19.2 632 789 
1965.5. rl. 4,711 17.9 845 848 
1966.4 5, 582 16.6 927 930 
VOGT oe ee 5,402 16.5 892 828 
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Table 3.—Primary antimony produced in the United States 


(Short tons, antimony content) 


Class of material produced 


Year By- 
Metal Oxide Sulfide Resi- product Total 
dues antimonial 
ea 
1903 ces te een ³˙-ü Eie EAE 4,160 5,983 16 392 1,506 12,117 
//%%%öĩõ§˙0— d ß y 8 4,418 6,748 53 447 1,692 13,358 
11% EE 4,216 6,485 94 205 ,989 12,389 
J! 8 4,567 7,794 126 219 1,833 14,589 
TEEN 4,0 6,612 71 249 1,532 12,466 


Table 4.—Secondary antimony produced in the United States, by kind of 
scrap and form of recovery 


(Short tons, antimony content) 


Kind of scrap 1966 1967 Form of recovery 1966 1967 
New scrap: 

Lead-base.. ..........-....- 2,786 2,516 In antimonial lead Ii 16,895 16,783 

Tin- base 80 91 In other lead alloys. ...... 7,840 6, 865 

„ de set us u ius 2,866 2,607 Intin-base alloys......... 23 16 

KU ME 24,258 23,664 

Old scrap: Value (millions)....  $22.2 $21.7 
Lend-base .........-- 21,361 21,031 
Tin base con mc 31 26 
o/ rtan 21,392 21,057 
Grand total. 24,258 28,664 


1 Includes 286 tons of antimony recovered in antimonial lead from secondary sources at primary plan ts 


in 1966 and 185 tons in 1967. 


Table 5.—Byproduct antimonial lead produced at primary lead 
refineries in the United States 


(Short tons) 


Year 


Antimony content 


Gross From From From Total 
weight domestic foreign scrap —————-———— 
ores! ores 2 Quantity Percent 
18,818 836 670 884 1,890 10.0 
24,023 997 695 808 1,995 8.8 
27,895 998 891 595 1,984 7.1 
24,059 1,417 416 286 2,119 8.8 
18,608 9 549 185 1,717 9.2 


1 Includes primary residues and a small quantity of antimony ore. 
2 Includes foreign base bullion and small quantities of foreign antimony ore. 


CONSUMPTION AND USES 


Industrial requirements for antimony in 
various end products were derived from 
both primary and secondary sources. Total 
consumption decreased from 43,950 tons in 
1966 to 41,010 tons in 1967. Primary anti- 


mony comprised 17,350 tons, 42 percent of 
the total, and secondary antimony, 23,660 
tons. Secondary antimony was essentially 
all consumed in manufacture of antimonial 
lead and other hard-lead alloys. Consump- 
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tion of secondary lead was not reported 
to the Bureau of Mines and industrial 
consumption by products is therefore con- 
fined to primary antimony. 

Consumption of primary antimony de- 
creased 12 percent compared with the 
record use attained in 1966. Antimony 
metal requirements continued the down- 
ward trend of recent years, especially in 
the manufacture of antimonial lead, owing 
to the increased availability of secondary 
antimony and, more importantly, the con- 
tinued reduction in the antimony content 
of antimonial lead used for battery plates. 
Decreasing requirements for primary anti- 
mony in bearing metal and type metal was 
again evident. A major increase for am- 
munition reflected rising military require- 
ments. Sheet and pipe requirements con- 
tinued to rise and antimony used in solder 
was substantially above that used in 1966. 

The use of antimony in nonmetal prod- 
ucts, primarly as antimony oxide, repre- 
sents 57 percent of the primary antimony 
consumed. The major use was in fire re- 
tardant compounds for textiles and plas- 
tics. To a large degree, the increase in re- 
cent years reflects major military require- 
ments but, also, an increasing public de- 
mand for fireproofed materials. Pigment 
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consumption continued to decline. Other 
uses of antimony, mainly as chemical com- 
pounds, ranged from fur processing to 
opacifying agents. Two compounds, anti- 
mony trichloride, with a wide range of 
applications, and sodium antimonate, pre- 
dominantly an opacifying agent in enamels 
and glass, made up 75 percent of the 1,007 
tons consumed in other nonmetal products 
The major decrease in 1967 was for sodium 
antimonate with requirements approximat- 
ing one-third of the 1966 consumption. 

The 1967 consumption data indicate a 
return to the normal level that existed 
prior to the sharp increase in industrial 
activity in 1966. The growth potential for 
primary antimony is indicated to be in the 
area of nonmetal products, although ob- 
scured by the current influence of military 
needs and other compensating trends. A 
decreasing demand for primary antimony 
for metal products is indicated by the 
trend toward the lower antimony content 
of alloys and the reduced requirements for 
type metal, bearing metal, and collapsible 
tubes because of new techniques and mate- 
rials. The supply of primary and secondary 
antimony appears adequate to support the 
recent consumption level and indicate 
growth potential. 


Table 6.—Industrial consumption of primary antimony in the United States 


(Short tons, antimony content) 


Year | Ore 
and con- 
centrate 

1%%%;ͤ»ͤ]]]]WWyV!!!!.!. 8 266 
11%“ D u ͤ k ee SX 252 
19 ⁵ rk 404 
ö aa ⅛ ͤ ²⁵⁵ ⁰y Eee 450 
J1•öÜ'ndo: ;ĩ..ſſ ³ K 312 


Class of material consumed 


Byproduct 
Metal Oxide Sulfide Resi- antimonial Total 
dues lead 
124 7,178 71 392 1,506 16,532 
6,050 1,325 73 447 1,692 15,839 
6,992 1,841 81 206 1,389 16,919 
6,269 10,829 81 219 1,833 19,681 
5,666 9,514 77 249 1,532 17,350 


1 Includes antimony content of imported alloys (not available after 1963). 
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Table 7.—Industrial consumption of primary antimony in the United States, 
by class of material produced 


(Short tons, antimony content) 


Product 


Metal products: 
rr y a Lc e 
Antimonial Lead. „ 
Bearing metal and bearingg 
Cable covering. --------------------ar------ 
iii 
Collapsible tubes and foi lll 
Sheet and pipe________ 
Solder 7). ³² (86 


Nonmetal products: 
Ammunition primer 
Fireworks 
Flameproofing chemicals and compounds 
Ceramics and glass 


J)ö§ĩê¹ͤ ˙ ˙ ⁰˙ ]]. tnc dor. Da m a ee 


1963 1964 1965 1966 1967 
w 1 36 154 209 
1 6,462 5,952 6,382 6,285 5,589 
992 804 821 731 653 
101 49 68 164 141 
49 50 76 62 54 
72 53 49 44 81 
81 99 104 107 118 
188 149 244 155 184 
1 652 513 642 515 382 
199 167 214 219 223 


15 17 16 27 30 
36 47 46 50 48 
1,601 1,626 1,971 8,188 3,454 
,465 1,649 1,853 2,074 1,884 
5 W W. eee See 
1,009 1,178 855 832 665 
1,352 1,289 1,469 2,224 1,785 
597 492 477 870 948 


7.736 7,988 8,283 11,245 9,816 
16,532 15,889 16,919 19,681 17,350 


W Withheld to avoid disclosing individual company confidential data; included with “Other.” 
Includes antimony content of imported alloys (not available after 1963). 


STOCKS 


Industrial stocks of antimony that were 
reported to the Bureau of Mines during 
the year reflected the favorable supply- 
demand balance. Stocks of ore and oxide, 
drawn down in the first quarter of 1967 to 
a total of 7,400 tons of antimony content 


were rebuilt in the second quarter to 8,600 
tons and then declined in the third and 
fourth quarters to a yearend total of 8,350 
tons. Metal stocks were somewhat above 
usual levels but other materials on hand 
were in the normal range. 


Table 8.—Industry stocks of primary antimony in the United States, December 31 


(Short tons, antimony content) 


Sulfide . 


Residues and elaesg 22222 2 2 2.22 .-- 
Antimonial lead 


1963 1964 1965 1966 1967 
1.970 1,647 2,785 2.720 2,469 
—— 1:420 1.433 1,585 1.572 1.719 
. 1:861 2:895 2'705 8.098 2704 
Ko 81 81 98 131 80 
—.— 1,081 985 1,088 519 916 
— 651 309 411 531 462 
.... 1,064 7,300 8,622 8,566 8,850 


1 Inventories from primary sources at primary lead smelters only. 
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PRICES 


The domestic prices of antimony metal, 
99.5 percent, continued unchanged at 44 
cents per pound, in bulk, f.o.b. Laredo, 
Tex. (45.75 cents at New York). The 
dealer price for imported metal, duty paid, 
New York, also continued in the range of 
40 to 42 cents per pound, dependent on 
quality. The domestic price of oxide con- 
tinued unchanged at 47.5 cents per pound 
in carload lots, freight allowed, east of the 
Rocky Mountains. 

At the beginning of the year, the quoted 
price for prime 65 percent antimony ores 


at New York was $5.60 per short-ton unit 
of contained antimony. The price began to 
rise in April due to supply uncertainties 
relating to deliveries of metal to Europe 
from mainland China, blockage of the Suez 
Canal, and military requirements in Viet- 
Nam. From April through October, quota- 
tions were 40 to 50 cents per short-ton unit 
higher than earlier in the year. Prices 
eased late in the year and at yearend the 
quotation ranged from $5.90 to $5.95 per 
short-ton unit. 


Table 9.—Antimony price ranges in 1967 


Domestic metal). 
Foreign weed, nc LI Ree RET 
Antimony trioxide *__-.-._.._..---.--.-----.------- 
Antimony ore, * 50—55 percent 
Antimony ore, minimum 60 percent 
Antimony ore, minimum 65 percent____._... 


1RMM brand, f.o.b.,Laredo, Tex. 
* Duty-paid delivery, New York. 
3 Quoted in Metals Week. 


Price 
utu DE spans Seul 8 per pound $0.44 
EE do- .40—. 42 
AORTA 8 do 475 
eet KO PPA NA AO eet per short-ton unit 4.70-5.30 
JJ. 88 do.... 5.50-6.10 
%;; a T amas 2 e do 5.60-6.20 


FOREIGN TRADE 


The export of antimony in metallic 
form—metal, alloys, waste, and scrap— 
amounted to 82 tons in 1967 valued at 
$75,000. Shipments were consigned to 13 
countries with the leading importers 
Canada and Taiwan, receiving 44 tons and 
29 tons, respectively. Export of antimony 
oxide amounted to 166 tons valued at 
$197,200. The Netherlands received 85 
tons; India, 34 tons; Canada, 23 tons; and 
West Germany, 12 tons. The remaining 12 
tons was divided among seven other coun- 
tries. 

General imports of antimony in all 
forms decreased from 20,600 tons in 1966 
to 18,300 tons in 1967, all of which was 
entered for consumption except 27 tons of 
metal. The decrease brought receipts of ore 
and metal back to the 1965 level, but oxide 


imports remained more than double the 
1965 total. The Republic of South Africa, 
Mexico, and Bolivia continued to supply 
most of the ore (91 percent). Yugoslavia 
and Belgium-Luxembourg were the princi- 
pal suppliers of metal, and the United 
Kingdom and Belgium-Luxembourg sup- 
plied 82 percent of the oxide. 

In addition to the imports of ore, metal, 
and oxide, 356 tons of alloy containing 83 
percent or more of antimony by weight 
was imported, principally from the United 
Kingdom and Mexico; 73 tons of antimony 
tartrate was received from Italy and Japan; 
32 tons of antimony sulfide came from 
France; and 7 tons of other antimony com- 
pounds came from the United Kingdom 
and West Germany. The value of these 
materials totaled $342,900. 
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Table 10.—U.S. imports 1 of antimony, by countries 


Antimony ore Antimony metal? Antimony oxide 
Year and country Short Antimony content Short Value Short Value 
tons ———————————_ tons (thou- tons (thou- 
(gross Short Value (gross sands) (gross sands) 
weight) tons (thou- weight) weight) 
sands) 
jp RECS 22,886 10,360 $4,310 2,719 $2,165 2,178 $1,802 
1966: 
Australia... ot ee eS 148 98 40- eS 8 
Belgium- Luxembourg. 518 390 1,751 1,323 
Bi 8 5, 627 3,470 1. 559 19 17 3 
e ee 181 112 P/ ⁰ W - NNa 
CAanHdd-. W ꝶGꝓ⁵ꝶ³ eee, — evil ETE (3) 18 11 9 
! ee 8 1,154 723 334 8 4x 
TON CC a ie ee y x xm Eee ⁵ seti tere 663 496 
Germany, West... .... 2 (3) 1 261 189 
Honduras 30 17 )))! òmc Se 
Feil. —•o•-ã3⁊—LjoS (3) jo eee et 
Ee es 141 85 7 | | — E EE 
ODO un oec ͤ dd | y m e EA 5 4 
Mexico 12, 288 3, 868 723 382 2488 ¿SSS 
Morocco 65.- / ͤ ꝶ Mediz 5 
N F J! Y Pret Ar 27 21 
meu E KS CR MEDIOCREM 187 126 "nane MES 
South Africa, Republic of 6,496 4,006 2,001 n ð vein 
SDN ea ù.Ü˙¹“ᷣͥi ͤ m ⅛ ũ% — (m ] ˙—˙ Stee xia. 22 LT auaa ee 
V 26 16 8 17 To TL 
United Kingdom... ......... ...... ũ „„ 288 216 2,648 1,946 
Yugoslavia tegen, A ee ed, 2 uus 1,366 1,003 17 10 
Total. 22 24i st 26,229 12,460 4,7 54 2,805 2,052 5,383 3,998 
1967: 
Belgium-Luxembourg........ ....-. .....- PETER 807 585 1,928 1,461 
Bolivia- -------2--------- 3,946 2,439 1,155 5 d. ees 3 
„„ c c no te) Se ee EE (3) ko 
Ee eebe 831 507 220 . . adi 
Prance . uo onto ⁵« ˙²˙¹5b̃ . ꝛ˙⅛˙ A caen EEN 699 514 
Germany, Weste. EE 11 9 170 124 
EE ee 10,369 3,018 570 204 IOL ecis ¿uz 
Morocco 334 164 JFC ES 
Mozambique 112 69 dd: — x Pte 33 EORR 
Netherlands 2 JJ a, ë Juas 39 30 
POPU E eee es hey es 198 131 52 58 J cider: 
South Africa, Republic of 6,751 4,117 2,008 | ..... c erat 
Thailand. ` 106 72 15 94 42 A mote 
ET aeaa 8 11 — Bees 
United Kingdom... --2-0- ansia ` eben stoe, Lee 283 200 2,262 1,633 
ü ⁰⁰HM y f é .  _---- 1,208 868 EE EEN 
C/ eR 22, 647 10, 517 4,090 2,681 1,866 5, 098 8,762 


1 Data are general imports: that is, they include antimony imported for immediate consumption plus 
material entering the country under bond. Table does not include antimony contained in lead-silver ores. 

2 Includes data for needle or liquated antimony for the following countries (value in thousand dollars): 
1965: United Kingdom, 20 tons ($16); 1966: 28 tons ($21); 1967: 5 tons ($4); 1965: Belgium-Luxembourg, 
3 tons ($2); 1966: 35 tons ($21); 1967: 24 tons ($14). 

3 Less than Le unit. 


Table 11.—U.S. imports for consumption of antimony 1 


Antimony ore Needle or Antimony metal Antimony oxide 
liquated 
Year Short Antimony content Short Value Value Short Value 
tons = ——————————————— tons (thou- Short (thou- tons (thou- 
(gross Short Value (gross sands) tons sands) (gross sands) 
weight) tons (thou- weight) weight) 
sands) 

1965... 8 22,886 10,360 $4,310 28 $18 2,650 $2,112 2,173 $1,798 

1969ͤͤũĩͤ. ?; 26,229 12, 460 4, 754 63 42 2,767 2,031 5,383 : 
TOG (er ³˙· w 22, 647 10,517 4,090 29 18 2,654 1,849 5,098 3, 762 


1 Does not include antimony contained in lead-silver ore. 
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WORLD REVIEW 


The world supply-demand situation for 
antimony remained relatively balanced 
through 1967 even though demand contin- 
ued at a high level, especially for high- 
quality ores and concentrates. The market 
was easy early in the year but uncertainties 
concerning delivery of metal purchased at 
the Canton, China, business fairs during 
1966 had strengthened the foreign price of 
metal and ore early in April. Blockage of 
the Suez Canal and the Israel—Arab conflict 
in June increased the uncertainties of anti- 
mony supply and demand in Europe and 
the prices of metal and ores continued 
strong into October. Delivery of Chinese 
metal and ore to European and Japanese 
ports during the second half of 1967, to- 
gether with easing of the political situation 
and a declining consumption, resulted in 
a downward movement of metal and ore 
prices in the fourth quarter of the year. 


The Republic of South Africa and 
Bolivia, the main sources of premium- 
quality oxide ores, responded to the strong 
demand with an increase in output. Con- 
solidated Murchison Goldfields and Devel- 
opment Co., Ltd., South Africa, increased 
their milling rate to capacity in the second 
half of the year, producing 14,200 tons of 
antimony in concentrates and cobbed ore, 
compared with 12,600 tons in 1966. Ore 
reserves were increased slightly by exten- 
sive exploration and development work.“ 
Bolivian production exceeded 12,000 tons, 
principally from the medium mines, and 
exports were about 12,600 tons, compared 
with 11,800 tons in 1966. Mexican produc- 
tion, principally as ore for smelting at 
Laredo, Tex., declined from 4,900 tons in 


2 Consolidated Murchison Goldfields and De- 
velopment Co., Ltd. Annual Report (Trans- 
vaal). 1967, pp. 14-15. 


Table 12.—World production of antimony (content of ore except as indicated) by countries! 


(Short tons) 


Country 


North America: 
Canada 3 eo clon om bei ͥ dumm 


South America: 
Bi; ⅛ð K ĩðͤ 8 
Peru (recoverable) l... ...-- 


e 
ustria (recoverable) ___ 2.22. 222-2. .- 
Czechoslovakia 2.22 2 2-2... -- 


Itüly. e 7]‚ ]7⅛˙if yd 

CCC ³˙ aR ͤ um 

Spain- S Su dd y y 

PJ ⅛ x A esate Sone ee ah 

Yugoslavia (metal). ee 
Africa: 


Rhodesia, Soutbhern. 
South Africa, Republic of Bee 
Asia: 
Bulli es Beet ee eee Guia 
China, mainland e... 2.2 22.2 222-2 -L-- 
ö;—mu ⁵⅛² . v ⁰uʒ 8 
FFC(ö§ö;êdĩ ² d ee c 


Ui ³%ð ⁵ĩð whe Sepa 
Oceania: Australia 


e Estimate. P Preliminary. r Revised. 
1 Compiled mostly from data available May 1968. 
2 Antimony content of smelter products. 

s U.S. imports. 


4 Includes antimony content of smelter products derived from mixed ores. 


5 Includes antimony in lead concentrates. 


Total is of listed figures only; no undisclosed data included. 


NA Not available. 


1963 1964 1965 1966 1967 » 
801 796 651 r 703 622 
sol ĩ]˙ ² Ä 15 33 

r 5, 331 r 5,111 r 4,917 r 4,868 4,199 
645 632 945 927 892 
r8,321 1 10, 604 10, 606 11, 729 12,421 
674 752 713 741 699 
548 585 434 250 212 
2,200 2,200 2,200 2,200 2,200 
110 119 133 r 308 NA 
266 592 293 r 292 e 480 
7 13 12 r4 e 8 
65 60 95 100 e 130 
6,700 6,700 6,800 r 6,900 7,100 
2,933 3,008 3,051 2,916 2,533 
— e ncm 71 e70 e 70 
744 1,720 2,425 1,480 1,753 

66 49 e 200 NA N 
12,410 14,200 13,901 12,534 14,216 
165 165 165 r 165 165 
16,500 16,500 16,500 16,500 13,200 
212 554 202 85 64 
9 90 67 NA NA 
SE 86 61 65 34 
676 1,399 * 1,246 1,177 1,131 
r 3, 340 r 3, 631 r 3, 896 r 3, 396 e 2,240 
r 1,128 r 1,250 r 1,057 r1,088 NA 
r 63,882 r70,816 70, 541 „68, 513 64, 402 
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1966 to 4,200 tons. Moroccan and Spanish 
output increased, but that of Austria, 
Japan, Peru, Thailand, and Turkey de- 
clined. 

About 50 percent of the output of Peru- 
vian antimony is derived as a byproduct at 
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the Cerro de Pasco lead refinery. A plan- 
ned change in the antimony extraction 
process, which will increase byproduct out- 
put to 1,800 tons annually within the next 
2 years, has been announced. 


TECHNOLOGY 


The increasing production of antimony 
as a byproduct of recycling antimonial lead 
scrap continues to focus research in this 
area with the objective of improved re- 


covery and improved tailoring of antimo- 


nial alloys to the desired alloy performance. 
The development of  oxygen-enriched 
smelting has promise in achieving greater 
smelting efficiency. The depletions of high- 
grade oxide ores necessitate greater atten- 
tion to improvement of concentration 
methods at the mines and in operating 
techniques at the oxide smelters. 

Increasing public attention toward fire 
hazards inherent in plastics and textiles, 
with possible expansion of fire-retardant 
standards and markets, has stimulated re- 
search to devise new formulations.? A new 


development is a boric acid-antimony tri- 
oxide agent added to the constituents of 
wood-based materials with a resultant 
ability to withstand very high temperature 
without ignition. 

A development in the catalyst field was 
a process for recovering antimony trifluo- 
ride from spent complex hydrocarbon com- 
pounds.* Research has also developed in 
commerical quantities a semiconductor- 
grade antimony trisulfide with purity 
higher than 99.999 percent. 


3 Modern Plastics. Flame Retardance—Key to 


IDEE Markets. October 1964, pp. 84-89, 

4 Oelderik, Jan M. (assigned to Shell Oil 
Company, New York). Process for Recover- 
ing SbFz from Spent HSbFg Catalyst. U.S. 
Pat. 3,278,259, Oct. 11, 1966. 
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Asbestos 


By Timothy C. May’ 


The market for asbestos was off in 1967 
as a result of reduced construction activ- 
ity. Because of lower levels of residential 
commercial water and sewer system con- 
struction, sales volume of asbestos was less 
than in the previous year. United States 
production in 1967 dropped 2 percent, 


and output in Canada, the largest pro- 
ducer, was almost 3 percent less than in 
1966. Imports of amosite and crocidolite 
from the Republic of South Africa, the 
principal source, was reduced drastically, 
while exports of asbestos manufactured 
products increased in 1967. 


Table 1.—Salient asbestos statistics 


1963 1964 1965 1966 1967 
United States: 
Production (sales) short tons. . 66,396 101,092 118,275 125,928 123,189 
ECHT thousands. . $5,108 $8,143 $10,162 $11,056 $11,102 
Exports and reexports (unmanufactured) 
short tons 10,044 27,147 43,126 46,996 47,718 
Kë yet n tu u us thousands. . $1,304 $3,199 $5,294 $5,763 $6,025 
Exports and reexports of asbestos products 
(value)) thousands $16,267 $16,288 $19,139 $21,963 $23,767 
Imports for consumption (unmanufactured) 
short tons. . 667,860 139,361 719,559 726,459 645,112 
lll... o cues thousands $61,739 $72 ,973 $70 , 457 $73,100 $65,743 
Consumption, apparent short tons. 724,212 813,306 794, 708 805,391 720, 583 
World: Produeton nn. do.... 2,762,000 3,051,000 3,146,000 3,359,000 NA 


NA Not available. 


1 Measured by quantity produced, plus imports, minus exports. 


Legislation and Government Programs.— 
The U.S. Department of Agriculture in- 
vited U.S. firms to submit barter offers 
to deliver chrysotile asbestos valued at 
approximately $4.5 million to India for 
the Agency for International Development 
(AID). Successful offerors furnished as- 
bestos to India and received payment in 
agricultural commodities from Commodity 
Credit Corporation (CCC) stocks. The 
agricultural commodities will be exported 
to eligible barter destinations. The barter 
arrangements helped reduce the outflow of 
U.S. dollars because the proceeds from 
the sale of the agricultural commodities 


abroad were used to pay for the asbestos 
while AID dollars were paid to CCC.? 

The General Services Administration in 
1967 disposed of 110.44 short tons of 
subspecification chrysotile from the De- 
fense Production Act inventory. Also sold 
were 300 tons of amosite and 150 tons of 
crocidolite obtained under the barter pro- 
gram. 

The stockpile position for asbestos as 


of December 31, 1967, is shown in table 2. 


1Commodity specialist, Division of Mineral 


Studies. 
2U.S. Department of Agriculture. Press 
11 2932-67, Washington, D. C., Sept. 14, 
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Table 2.—Stockpile objective and Government inventories as of December 31, 1967 


(Short tons) 


Commodity Defense 


Stockpile National Supple- Credit Produc- Total 
objective mental Corpora- tion 
tion Act 
c e ER 40,000 11,705 54,100 /%hh!! nz 65,805 
Chrysotile JJ isk eee i rai 13 , 700 6,073 . ³o·A 22a „456 
(Subspecification ĩĩ:ꝛĩ:ꝛ·· ------ 152 3193 1,883 5,228 
Crocidolite. |... 2222222222222 Loci. 1,565 46, 98 261 


Under Presidential action asbestos im- 
ports from Southern Rhodesia were barred 
after December 16, 1966. The decree also 


bans dealings abroad in these products by 
Americans and Rhodesian subsidiaries of 
U.S. firms.’ 


DOMESTIC PRODUCTION 


Asbestos production in the United States 
in 1967 declined 2 percent in volume, but 
the value was slightly higher than in 
1966. Arizona volume was 14 percent be- 
low that of 1966, although the value was 
5 percent more, owing to sales of better 
quality material. Production in California, 
the largest producer was 6 percent lower 
in ‘volume and 3 percent less in value 
than in 1966. North Carolina, the smallest 
producer, dropped 5 percent in volume 


and 8 percent in value compared with 
1966 level. Production in Vermont, the 
only State to show an increase, was 6 
percent higher in volume and 7 percent 
more in value. Nearly all U.S. production 
was short fiber. U.S. production supplied 
approximately 17 percent of domestic re- 
quirements for asbestos. Producers of as- 
bestos in the United States are listed in 
the following tabulation: 


State and company County Name of mine Type of asbestos 

Arizona: 

Asbestos Manufacturing Co. Gila............ Phillips Chrysotile. 

Jaquays Mining Corp BN. ME Chrysotile Do. 

Metate Asbestos Cor CCC Lucky Seven Do. 
California: 

Atlas Minerals Cord Fresno. ......... Santa Cruz Do. 

Coalinga Asbestos Co________________-__-_- Se, BOOS ioc Coalinga........ Do. 

Pacific Asbestos Cor Calaveras Pacific Asbestos. . Do. 

Union Carbide Cord San Benito...... Joe No. 5........ Do. 
North Carolina: 

Powhatan Mining oo Yancey-........ Burnsville....... Anthophyllite. 
Vermont: 

General Aniline & Film Cor Orleans Lowell Chrysotile. 


The Ruberoid Division. 


The Ruberoid Co., operator of Vermont 
Asbestos Mines, merged with General 
Aniline & Film Corp. (GAF), a diversi- 
fied producer of dyestuffs, chemicals, pho- 


tographic products, and copying equip- 
ment. According to the merger agreement, 
GAF was the surviving corporation and 
Ruberoid operated as a division.“ 


CONSUMPTION AND USES 


The principal markets for asbestos were 
in the building and construction indus- 
tries, largely in the manufacture of asbestos 


cement products. Because of lower levels 
of activity in the construction industry in 
1967, fiber shipments to this consuming 


3 Federal Register. 


sector decreased. 
Asbestos is also used in the manufacture 
of friction materials, gaskets, textiles, 


Relating to Trade and 
Other Transaction Involving Southern Rhodesia. 
V. 32, Jan. 17, 1967, pp. 119-120. 

4 Asbestos. V. 48, No. 12, June 1967, p. 12. 
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Figure 1. United States production (sales) and imports of asbestos. 
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Figure 2.—Domestic supply and consumption of asbestos. 
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ASBESTOS 


plastics, paints, roof coating, caulking, and 
numerous miscellaneous items. Nearly 17 
percent of the asbestos consumed was 
from domestic mines. Chrysotile asbestos 
accounted for 96 percent of the total 
amount consumed, crocidolite 2 percent, 
and amosite 2 percent. 

Automatic transmissions get their drive 
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from metal transmission disks that are 
covered with a super-tough paper contain- 
ing crocidolite asbestos fiber. The average 
automobile with power shift contains from 
eight to 12 of the paper-lined disks. The 
output of more than 6 million automatic 
transmissions annually requires disk paper 
in hundreds of tons.“ 


PRICES ° 


Prices for Vermont, Quebec and British 
Columbia, Canada, asbestos increased ap- 
proximately 5 percent effective April 1, 
1967. It was reported that the increase 
was needed to help offset higher costs, 
particularly labor and materials. 


Prices were not published for California 
and North Carolina asbestos. 


5 North American Asbestos Corp. Asbestos 
News. V. 2, No. 7, July 1967, p. 1. 
6 Asbestos. V. 48, No. 10, April 1967, p. 54. 


Quotations for Canadian (Quebec) chrysotile f.o.b. mine were as follows: 


Grade Description 
Group No. 1 Cmd EEN 
Group No. 2 1777 ĩò²i!¹ f 
Group No. 3 Spinning fiber 
Group No. 4 Shingle fiber 
Group No. 5 Paper fiber 
Group No. 6 Waste, stueck o 
Group No. 7 Refuse or shorts 


Per short ton 


March 31, 1967 April 1, 1967 


. Can 81, 410 Can $1,410 
JJC REMO 640 to 875 760 
EEN 345 to 565 360 to 588 
S E a 190 to 320 198 to 335 
SE 115 to 156 140 to 165 
FFF 95 101 
Lets HUM 40 to 80 47 to 85 


Prices for British Columbia, Canada, chrysotile asbestos, f.o.b. Vancouver, were as 


follows: 

Grade Description 

AAA Nonferrous spinning fiber 
AA Jie QOL ² y ANNO 
A E, Te WEE 
AC Asbestos-cement fiber 
AD Shingle Dber -_- 
AK r et i E 
AS „%%% ³ ˙ A ³ꝛo¹ dn Br 
AX luti e el 8 
AY rr v E E 


Prices for Arizona chrysotile asbestos have 
Quotations f. o. b. Globe, were listed as follows: 


Grade 
Group No. 1 f . eee Sees 
Group No. 2 %%%%%))%)V%ꝙVVVꝙSVVGVVGGVTPnff 8 
AAA. O 0. — %% EE 
Group No. 3 Nonferrous filtering and spinning 
Group No. 4 Nonferrous plastic and filtering...... 
Group No. 5 Plastic and filtering 
Group No. 7 Refuse or shorts 


Description 


Per short ton 


March 31, 1967 April 1, 1967 


e Can 3787 Can 3810 
3 625 643 
V 470 484 
5 325 345 
FFC 278 284 
EE 281 241 
See 190 200 
1717. ma os 168 177 
EE 126 126 


remained unchanged since July 10, 1964. 


Per short ton 


333% ide aP etn area ne cue a $1,410 to $1,650 
610 to 


DM cC ER he DRESDEN 900 
DONE MEER 8 800 
7 ⁰K K 425 to 750 
PUER EL ü airuku ua 385 to 500 
%%% EE 250 to 400 
EE ah re ee a a 58 to 90 
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Prices for Vermont chrysotile asbestos, f.o.b. Hyde Park or Morrisville, were as 


follows: 
Grade Description 
Group No. 8 Spinning and filtering 
Group No. 4 Shingle fib(e rr 
Group No. 5 Paper fiber 
Group No. 6 Waste, stucco or plaster fiber 
Group No. 7 Shorts and float 


Market quotations were not available 
for African and Australian asbestos be- 
cause sales were negotiated privately. The 
following average values were calculated 
from U.S. Department of Commerce im- 
port data: 


FOREIGN 


Exports of asbestos manufactured prod- 
ucts in 1967 increased 8 percent over those 
of 1966. Canada accounted for 36 percent 
of the total value. The products consisted 
of brake linings, gaskets and packings, 
clutch facings, including linings, shingles 
and clapboard, and asbestos-cement articles. 

A 10 percent increase in the ocean 


Per short ton 


March 31, 1967 April 1, 1967 


$319 to $370 $319 to $342 


176 to 296 188 to 296 
)) ER TA 121 to 144 129 to 153 
88 93 
40.50 to 75 40.50 to 75 
Per short ton 
Imports — — 
1966 1967 


Amosite: South Africa, Republic of $152 $152 
Chrysotile: 
Rhodesia, Southern 190 160 
South Africa, Republic off 180 187 
Crocidolite: 
Australian 208 .... 
South Africa, Republic o 191 191 


TRADE 


freight rates for amosite and crocidolite 
asbestos from South Afnca to U.S. ports 
was announced by the U.S./South and 
East Africa Shipping Conference, effective 
August 7, 1967. The rate was raised from 
$27.75 to $30.50 per long ton.’ 


7 North American Asbestos Corp. Asbestos 
News. V. 2, No. 6, June 1967, p. 1. 
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Table 3.—U.S. exports and reexports 
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of asbestos and asbestos products 


1966 1967 
Product 
Quantity Value Quantity Value 
(thousands) thousands) 
Exports: 
Unmanufactured: 
Crude and spinning fibers short tons 1,455 $825 860 $238 
Nonspinning fibers do.... 28,01 3,973 26,603 4,021 
Waste and refuse do- 17.218 1.414 19,893 1,692 
TOUll sn Lon Utamur iecur S aa do.... 46,690 5,712 47,356 5,951 
Products: mE 
Gaskets and packing do.... 2,678 5,261 2,926 5,258 
Brake linings.......................- do.... 3,630 5,236 4,24 5,819 
Clutch facings, including lining number 2,246,986 1,897 2, 765, 868 2,328 
Textiles and yarn. ..............- short tons 900 1,326 2,215 1,790 
Shingles and clapboard.. .............. do 10,010 1,797 10,729 1,996 
Articles of asbestos-cement. ... ....... do.... 4,742 1,332 11,020 2,159 
Manufactures, n.e.c___-_.------------------- N 5,058 NA 4,358 
17//0ö˙ĩõ5¹5¹4ê ]]]]⅛ ...! 21 907- ... ( dc 23,703 
Reexports: 
Unmanufactured: 
Crude and spinning fibers short tons 176 30 256 52 
Nonspinning fibers do.... 130 21 106 22 
OUR zr Aute ue titu e tese do.... 806 51 362 74 
Products: iii i 
Gaskets and packing do.... (1) Ed 
Brake lining do 1 2 (1) 1 
Clutch facings, including linings..... number 117 1 6. 800 5 
Shingles and clapboard ld short tons 231 41 85 16 
Manufactures, n. e. ee NA 11 NA 42 
CT ³o¹w0o³m ð⁰¹·wmuAꝛꝛ 50 cess 64 
NA Not available. 


1 Less than 1⁄4 unit. 


In 1967 total imports for consumption 
of asbestos was 11 percent less than in 
1966. Imports of amosite and crocidolite 
from Republic of South Africa, however, 
decreased 48 percent and 45 percent re- 
spectively. Low-iron spinning-length chry- 
sotile imports from British Columbia in- 


creased to 9,274 tons from 8,278 tons in 
1966, and imports of all grades from this 
source increased to 24,487 tons from 
23,216 tons in 1966. Of all of the chry- 
sotile imported, approximately 94 percent 
was fiber of less than spinning length. 
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Table 4.—U.S. imports for consumption of asbestos (unmanufactured), by classes and 


countries 
Crude 
(including Textile fiber 
blue fiber) 
Year and country 
Short Value Short Value 
tons (thou- tons (thou- 
sands) sands 
1966: 
Australian 300 $61 c ĩ 2. L. 
OlVIS. uec oo 8 3 V 
Canada. - 151 59 16,309 $6,132 
Finland 98 J bees 
Indi et 2 OQ) eects Aoc 
//%%%ö%õ⁵%⁵¹ ³ ẽ ÿ ..... 8 
Mozambique 308 57 25 21 
P ³¹¹wm1yy dd Rubel ⁰⁰ʒ 
Rhodesia.. .-------------- 445 io MEC sasoie 
E Ai Republic of... 56,929 9,844 530 131 
Yugoslavia. ..............- 3,629 153 813 35 
Zambia 1,324 298. x21 ume 
"Total __--------------- 68,189 10,473 17,677 6,319 
1967: 
BoliVi8cs ß ß oe ee S sss 
Canada. .  . ` ee 6,966 1,246 15,063 5,745 
Finland. l. 662 20. Xie. uil 
France `- -22222-222 ------ 15 Ir! 8 
E ³ 1 ZE. feni 
Mozambique.. ........... 250 993 8 
FP ͤ ² ³ ⁰˙³ AAA eee, 
Rhodes aa 420 68 75 26 
South Africa, Republic of... 29, 318 5,081 17 8 
Yugoslavia... x ee ei sus 827 30 
Ho ³˙ ei 37,632 6,456 15,982 5,804 


1 Less than 1⁄4 unit. 


All other 
Short Value 
tons (thou- 

sands 
637,648 $55,248 
2,4 
` V 4 8 

122 25 

10 1 

135 69 
5,111 801 

98 20 
645,593 56, 308 

3 
579, 953 52,174 

, 585 166 
— 6 7 
in 59 6 
4,956 775 
1,280 255 
2,656 97 
591,498 53,488 


Total 
Short Value 
tons (thou- 
sands) 
300 $61 
3 2 
654,108 61,4389 
2, 563 143 
2 (1) 
4 5 
455 103 
10 1 
580 188 
62,570 10,776 
98 20 
4,442 188 
1,324 224 
726,459 73,100 
8 
601,982 59,165 
3,247 192 
15 2 
7 8 
250 82 
59 6 
5,451 869 
30,615 5,339 
8,483 127 
645,112 65,743 


Table 5.—U.S. imports for consumption of asbestos from specified countries, by grades 


(Short tons) 


1966 1967 
Grade Republic Republic 
Canada Rhodesia of South Canada Rhodesia of South 
Africa Africa 

Chrysotile: | 
Ee e 151 445 6,000 6,966 420 1,843 
Spinning and textile 16,309 .. ...... 530 15,063 75 17 
All other. 637,648 135 5,111 579,953 4,956 1,280 
Crocidolite (blue)............... ....... ......--- 26.995. 652. 3.4 lese 14,917 
h ³⁰»⁴AA /// ebe 12, 558 
TOU) u T %¾ . ee 654,108 580 62,570 601 , 982 5,451 30,615 


WORLD REVIEW 


Australia.—The asbestos mine at Witte- 
noum, 700 miles north of Perth in Western 
Australia, ceased operations in December 
1966. 

Production of asbestos in 1966 was 13,- 
467 tons, an increase of 16 percent over 
1965 output, and consisted of 12,840 tons 
of crocidolite and 627 tons of chrysotile. 
Asbestos imports in 1966 totaled 55,152 


tons consisting of 43,108 tons of chrysotile, 
9,950 tons of amosite, and 2,094 tons of 
other grades. Exports of asbestos in 1966 
was 4,644 tons with the larger amounts 
going to Malaysia, 838 tons, Singapore, 
672 tons, and Japan 485 tons. 

8 Bureau of Mineral Resources, Geology and 


Geophysics (Canberra). Australian Mineral In- 
dustry. 1966 review, pp. 54-57. 
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Table 6.—World production of asbestos, by countries 1 2 


(Short tons) 
Country 1968 1964 1965 1966 1967 p 
North America: 
Canada (sale) 1,275,530 1,419,851 71,388,212 1,479,281 1,443,011 
United States (sold or used by producers). 66,396 101,092 118,275 125,928 123,189 
South America: 
Argentina azza 865 542 243 r 58 NA 
Bolivia (esportsl LLL... ..- 10 7 3 4 4 
Brazil e A oe 1,440 e 1,430 1,204 1,820 NA 
Europe 
Austria s ĩ˙¹w AAA 3 888d.d.·öÜ—qĩÄi ggg ten, ] ⁰ . i. n 8 
Bulgaria 1,323 1,433 1,438 ° 1,430 e 1,430 
Finland 4. ee ee 8 10,201 11,611 5 13,307 13,250 e 13,000 
France. .. Eee 26,094 24,289 r 11,179 N 
GGteeee. 7 r N 
Italy. oe eee ß 63 ,016 75,573 79,214 90,464 e110, 000 
Fh 7 8 53 ril e 
FOROS DT MS e 755, 000 810, 000 e 865,000 e 925,000 e 980,000 
Yugoslavia_______________-_-----_- 9,074 9,280 10,585 8,411 9,944 
Africa: 
Botswana 2, 368 2,161 888 (r) NA 
Kenya... Loro he eee 78 204 136 73 NA 
Mozambique_..__. ß , lee, n2222 r 535 NA 
Rhodesia, Southern 142,254 153,450 176,149 e 175,000 NA 
South Africa, Republic of. r 205,773 215,592 240,752 216,597 ¢ 270,000 
Swaziland- 2... .- 33,350 39,862 40,884 36,142 * 42,000 
N United Arab Republic 192 1,739 3,225 6 2,057 NA 
sia: 
China, mainland e ag 110,000 130,000 140,000 r 150,000 170,000 
VDPUB ls ecce c ZS aT tud 19,962 13,755 17,622 24,449 e 24,000 
India. uA Dee tens 3,038 3,710 r 5,264 7,646 N 
7³ĩÜ⁵1ßÄL—Iw ee 18 ,210 17,979 16,451 r 21,428 NA 
Korea: South. ce ĩð. d 2,120 1,402 1,710 687 2,388 
Philippines 421 58 551 NA 
CJ/öͤĩ˙¹ð¹.᷑vᷣů ¼¼ u s Abi Su ed 604 526 883 721 NA 
Turkey________-________________- SN 408 1,291 1,376 r 4,001 e 4,000 
Oceania: 
Aris s 13,374 13,545 r 11,567 r 13,467 589 
New Zealand, 55, RE EE NA 
dici ĩð A eaea eni r 2, 761,781 3,050,979 73,145,615 73,359,006 NA 


e Estimate. P Preliminary. r Revised. 
1 Asbestos also is 
2 Compiled from 

3 Bahia only. 

* Includes asbestos flour. 
5 Data represents fiber. 


6 Includes vermiculite. 


ata available April 1968. 


NA Not available. 
roduced in Czechoslovakia, Eritrea, Malagasy, North Korea, and Rumania. 


? 'Total is of listed figures only; no undisclosed data included. 


Canada.—The recent growth of the 
asbestos industry came to a halt in 1967. 
Production in 1967 was 1,443,011 tons, 
down almost 3 percent from the 1,479,281 
tons produced in 1966. 

Canadian Johns-Manville Co., Ltd., the 
leading asbestos fiber producer entered its 
50th year of operations in 1967. A 
historical report traces the development of 
mining practices and equipment at the 
firm's Jeffrey Mine, at Asbestos, Quebec, 
the largest asbestos mine and mill in the 
free world. The report covers statistics of 
the mine from 1881 to 1966, and contains 
many photographs including the open pits 
during 1890 and 1895. The mine was 
operated as an open pit until 1950 when a 


change to underground mining was made 
because the required horizontal expansion 
of the pit and the equipment then avail- 
able made open pit mining not econom- 
ically feasible. By 1958 there was great 
improvement in all types of open pit 
mining equipment, and this coupled with 
other factors such as increased wage rates, 
contamination of the fiber by overburden, 
and lower quality fibers due to additional 
handling favored a return to open pit 
procedures.? 


9 Canadian Mining Journal (Quebec). The 


Free World's Largest Asbestos Producer. V. 88, 
No. 5, May 1967, pp. 45—64. 

Northern Miner (Toronto). Canadian J chinas 
Manville Reaches Half Century Mark This Year. 
No. 18, July 27, 1967, p. 2. 
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Table 7.—Canada: Shipments of asbestes, by grades 


(Short tons) 


1963 © 1964 1965 1966 1967 
Quebec: 
Crude No. 1, 2, and other 217 218 (1) (1) (1) 
Mid soup: 
pinning) deeg 28 ,987 31,376 21,356 28,716 25,391 
: 2 8 HUP 880,900 319,629 322 , 772 371, 837 836,568 
6 169, 198 188,672 168,759 190,278 185,450 
(S8tucco) .. 2.2.22 22222 Lol ll lol. 234 ,371 232,382 208,682 229 ,426 244,021 
T (refuse)... o dll l l ES 453,821 507 , 003 506 , 497 512 ,030 490 ,087 
8 and eee ideae 8,0 5,602 6,088 8,706 7,149 
Newfoundland, Ontario, and British Columbia. (2) 135,887 153,401 138,288 154,345 
Total of all grades. ` __.-------------- 1,275,530 1,420,769 1,387,555 1,479,281 1,443,011 
r Revised. 
1 Included with group 3. 
2 Included with Quebec. 


Source: Dominion Bureau of Statistics. 


Advocate Mines, sole producer of 
asbestos in Newfoundland in 1966, milled 
2,006,738 tons of ore and produced 65,201 
tons of asbestos fiber for a recovered grade 
of 3.25 percent. This represents a con- 
siderable increase over the 1965 figure of 
2.04 percent.!? 

Johns-Manville also manages Advocate 
Mines at Baie Verte, Newfoundland, and 
is developing a third asbestos mine at 
Reeves Township, near Timmins, On- 
tario.!! 

It was announced that the aerial skyline 
spanning the Yukon River at Dawson has 
been completed. The 1,500-foot-long sky- 
line is designed to haul freight across the 
Yukon River during freeze-up and spring 
breakup so that Cassiar Asbestos Corp. 
Ltd., can operate its new mine at Clinton 
Creek and ship fiber on a year-round basis. 
The Cassiar asbestos mine is 60 miles 
northeast of Dawson.” 

Operating data including mining 
methods, equipment, ore preparation and 
storage, bagging and shipping, and ventila- 
tion were summarized for ten mines operat- 
ing in the Eastern Townships of Quebec. 
These mines were operated by Canadian 
Johns-Manville Co.; Asbestos Corp., Ltd.; 
Bell Asbestos Mines; Flintkote Mines; 
National Asbestos Mines; Carey-Canadian 
Mines; and Nicolet Asbestos Mines. ““ 

As a result of the continuing program 
of ore reserve evaluation at Asbestos Cor- 
poration Limited properties, and after 
allowing for ore consumed by operations 
during the year, reserves at the end of 
1967 were calculated to be 161,163,000 
tons compared with 167,012,000 tons at 
the end of 1966. Asbestos Corporation 
Limited, Canada’s only major independent 


asbestos producer, is one of the few asbes- 
tos firms to publicly provide information 
on reserves.“ 

It was reported that Asbestos Corpora- 
tion Limited, suspended development work 
on the Asbestos Hill project in Ungava, 
northeastern Quebec because of enormous 
escaluation of costs. The corporation spent 
about $25 million on the Ungava property, 
including the cost of acquisition. Of this 
amount nearly $14 million was spent on 
actual development.» 

Asbestos fiber shipments for the year 
1967 from the Black Lake mine, jointly 
owned by United Asbestos and Lake 
Asbestos of Quebec (a subsidiary of Amer- 
ican Smelting and Refining Co.) was ex- 
pected to reach 123,000 tons, an increase 
of 7 percent more than 1966 production 
of 115,000 tons.!5 


Germany, West.—In response to the 
United Nations Security Council Resolu- 
tion of December 16, 1966, on economic 
sanctions against Rhodesia, licenses to 


10 Northern Miner (Toronto). Successful Year 
5 As Profits Higher, No. 3, Apr. 13, 
11 Canadian Mining and Metallurgical Bulletin 


(Montreal). Canadian Johns-Manville—Half A 
Century Of Growth. V. 60, No. 664, August 
1967, p. 865. 


12 Engineering and Mining Journal. 2n Aerial 
Skyline. V. 168, No. 3, March 1967, p. 

13 Mining in Canada (Ontario). dues Is 
Main Centre of Asbestos Industry. October 
1994; pp. 22-30. 

4 Asbestos Corporation Limited. Annual Re- 
E Montreal, 1967, p. 4. 

1$ Engineering and Mining Journal. 
V. 168, No. 5, May 1967, p. 178. 

Northern Miner (Toronto). Studying New 
Plans For Asbestos Hill of Asbestos Corporation. 
No. 6, May 4, 1967, p. 17. 

16 Northern Miner (Toronto). United Asbes- 


tos Net Up Sharply First Nine Months No. 33, 
Nov. 9, 1967, pp. 1, 12. 


Quebec, 
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import asbestos from Rhodesia were no 
longer granted.!! 


India.—Production of asbestos in India 
during the first 9 months of 1967 was 
6,071 tons. This represents an increase of 
6 percent over the same period in 1966. 
Exports of asbestos in 1967 were 76 tons, 
more than twice the exports in 1966. Im- 
ports of asbestos in 1967 were 32,500 tons 
compared with 33,019 tons in 1966.!? 


Italy.—Production of asbestos in 1966 
was 90,464 short tons, an increase of 14 
percent above 1965 output. Because of 
greater local requirements in 1966 imports 
increased about 13 percent. The country 
of origin of imports were as follows: 
Republic of South Africa, 21,098 tons; 
Canada, 13,622 tons; U.S.S.R. 7,644 tons; 
and other countries, 1,943 tons. Exports 
of asbestos in 1966 were 39,613 tons 
compared with 28,295 tons in 1965, an 
increase of 40 percent. The destination of 
the exports were as follows: West Ger- 
many, 15,070 tons; France, 8,842 tons; 
Poland, 5,100 tons; Spain, 1,659 tons; 
Cuba, 457 tons; and other countries, 8,- 
485 tons.!? Š 


Korea, South.—Production of chrysotile 
amounted to 687 tons in 1966, of which 
the Kwangchon mine accounted for 558 
tons and the Kwihang mine produced 129 
tons. 


South Africa, Republic of.—Production 
of asbestos during the first 9 months of 
1967 was 202,470 tons or about 2 percent 
less than during the same period in 1966. 
Exports amounted to 165,254 tons during 
the same period and local sales were 17,- 
565 tons. P-oduction of amosite during 
January-September 1967 was 71,632 tons; 
chrysotile, 29,084 tons; and crocidolite, 
101,754 tons. Exports for the same period 
for amosite were 63,777 tons; chrysotile, 
12,498 tons; 2 d crocidolite, 88,979 tons. 

A new deposit of crocidolite was 
recently discovered at the Pomíret mine, 
and exploration continued to uncover 
deep-seated deposits. The Pomfret mine is 
located in an isolated area in the northern 
part of the Cape Province on the Molopo 
River.”° 

The new $6.5 million amosite milling 
complex at Penge, now in full production, 
is a highly automated unit that compares 
favorably with the most modern asbestos 
milling facilities elsewhere in the world. 
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This technically sophisticated plant 
located in one of the most remote parts of 
South Africa, 300 miles from Johannes- 
burg—had to be designed to deal with the 
hardest and toughest of all asbestos bearing 
ores. The banded ironstone, in which 
amosite and crocidolite asbestos both occur, 
is so hard that only the heaviest and most 
durable crushing and reducing equipment 
can cope with it on a continuous basis. 
Fully mechanized pressure-packing units of 
unusual design, to overcome the high 
resiliency of amosite, are now in operation 
for all of the standard gradings of amosite. 
Also, newly developed motor transporta- 
tion units for moving amosite from mine 
to railhead—28 miles—and extensive new 
railhead facilities for storage, palletizing, 
and mechanical loading of rail cars are in 
full operation to complete the new 
amosite production complex.” 

A member of the Cape Asbestos group 
of companies, released information on 
ocean freight rates to the United States 
for amosite and crocidolite from South 
Africa. To Eastern and gulf coast ports, 
on non-pressure-packed fiber the rate is 
$30.50 per long ton (2,240 pounds) ; for 
pressure-packed fiber, $27.75 per long ton. 
The rates from South Africa to the West 
Coast are $40.50 per long ton for non- 
pressure-packed fiber and $37.75 per long 
tons for pressure-packed shipments.” 

The Ethel asbestos mine at Mtoroshanga 


' ceased operations. Marginal recovery, lead- 


ing to technical difficulties and increasing 
costs were given as reasons for the shut- 
down. The mine was operated by Ethel 
Asbestos Mine, Ltd. a subsidiary of 
Skandinaviska Eternit Aktiebolaget and 
A. B. Ifoverken, Stockholm, Sweden. 

The Thornwood asbestos mine, 7 miles 
south of Gwanda, was reactivated by A. D. 
Theron & Sons (Pvt.) Ltd. Reserves are 
reported to be 300,000 tons of ore.“ 


17 U.S. Embassy, Bonn. State Department Air- 
gram A-1064, Mar. 6, 1967, p. 2. 

18 U.S. Embassy, New Delhi, India. State 
Department Airgram A-932, Apr. 4, 1968, 4 pp. 

19 Bureau of Mines. Mineral Trade Notes. V. 
64, No. 11, November 1967, p. 6. 

20 North American Asbestos Corp. Asbestos 
News. New Blue Deposit At Pomfret. V. 2, No. 
4, May 1967, p. 1. 

21 North American Asbestos Corp. Asbestos 
News. V. 2, No. 10, October 1967, p. 1. 

22 North American Asbestos Corp. Asbestos 
News. V. 2, No. 11, November 1967, p. 1. 

23 U.S. Embassy, Johannesburg, Republic of 
South Africa. State Department Airgram A-385, 
Apr. 27, 1967, p. 7. 
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U.S.S.R.—Exports of asbestos continued 
to increase. Exports in 1966 were 283,070 
tons compared with 273,810 tons in 1965. 
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France, Bulgaria, and Hungary received 
the larger amounts.” 


TECHNOLOGY 


There are two kinds of distinctly fibrous 
silicates, one manmade, the other occurring 
naturally. Glass fibers, silica, and alumino- 
silicate fibers and those mineral fibers 
known as rock-wool and slag-wool con- 
stitute the group of artificial fibrous 
silicates, all of which, with the possible 
exception of certain quartz fibers, have a 
random noncrystalline structure. In con- 
tradistinction to glass fibers, the naturally 
occurring fibers possess true crystallinity of 
structure, which in turn predetermines and 
contributes to their range of unusual chem- 
ical and physical properties. Structural 
and chemical properties, chemical reac- 
tions, synthesis, tensile strengths, bond 
strengths, surface area, and other physical 
properties of asbestos are discussed.?* 

High- strength asbestos fibers can 
economically upgrade the environmental 
resistance of plastic moldings and laminates. 


Available asbestos reinforcements, the 
plastics they can be used with, and 
important properties and recommended 


uses are described.” 
The largest overhead eccentric jaw 
crusher was put in operation by Cassiar 


Asbestos Corp. Ltd., at its Clinton Creek, 


Yukon Territory, Canada, operation. The 
crusher is capable of reducing asbestos ore 
to minus 6-inch size, at the rate of 350 
tons per hour. Reason for the new crusher’s 
record size is that asbestos, a fibrous 
mineral, requires extraction from the mine 
in large chunks so as to avoid destroying 
the fibers, thus tending to optimize the 
quality of end products. Details and 
operations of the crusher are described.“ 

An epidemiological survey is being car- 
ried on throughout the Quebec asbestos 
industry by the Quebec Asbestos Mining 
Association as a part of a planned interna- 
tional effort. Fact-finding medical research 
on the effect of asbestos on human health 
was centered in the Thetford Mines and 
Asbestos districts. The work undertaken 
is similar in design and purpose to other 
surveys being conducted in the United 
States, Finland, the U.S.S.R., Republic of 
South Africa, Italy, and other countries. 
Because of the universal use of asbestos 
and asbestos products, national and inter- 


national authorities are pressing for careful 
investigations so that if there are dangers 
they can be identified and controlled.?* 
Dust control is very important in the 
asbestos industry and much has been done 
to develop effective control methods and to 
safeguard the workers in mining and mill- 
ing operations. Steps taken by the asbestos 
industry in creating better working condi- 
tions and as a safeguard against industrial 
diseases through ventilation engineering is 
described.?? | 

It was announced that new legislation 
will be introduced in the United Kingdom 
describing measures to be taken to avoid 
exposure to asbestos in occupations not 
covered by the present Asbestos Regula- 
tions. Exposure to relatively small and oc- 
casional amounts of some forms of asbestos 
dust might result in a disease called 
mesothelioma, a malignant growth of the 
pleura (the lining membrane of the lung) 
or of the peritoneum (the lining membrane 
of the abdominal organs) .*° 

The United Kingdom asbestos industry 
has formed an information committee 
charged with making the facts about health 
hazards in the producing and handling 
industries known to the public. The two 
diseases involved are asbestosis—a fibrosis 
of the lungs—and mesothelioma.” 


24 Metal Bulletin (London). U.S.S.R.’s 1966 
Foreign Trade. No. 5268, Jan. 26, 1968, pb. 24- 


25. 

25 Hodgson, A. A. Fibrous Silicates. The Royal 
Institute of Chemistry, Lecture Series Number 
4, Russell Square, London, W. C. 1, pp. 46. 

26 Cryor, Robert E. Asbestos Reinforced 
Plastics Resist Heat and Chemicals. Materials 
in Design Eng., April 1966, pp. 92-96. 

27 Western Miner (Vancouver). Largest Over- 
head Eccentric Jaw Crusher. V. 40, No. 1, 
January 1967, p. 45. ; . 

28 Mining in Canada (Ontario). Epidemiolog- 
ical Survey. January 1967, p. 7. 

29 Mining in Canada (Ontario). Health Con- 
trols Are Advanced in the Asbestos Industry. 
October 1967, pp. 35-36. . 

30 Chemical Age (London). Legislation Ex- 
pected Shortly On Asbestos. V. 97, No. 2493, 
Apr. 22, 1967, p. 11. l 

31 Mining Journal (London). Health Hazard 
Committee. V. 268, No. 6877, June 9, 1967, p. 
466. 


Barite 


By Donald E. Eilertsen’ 


United States output and consumption million short tons of crude domestic 
of barite continued at high levels in 1967. barite, the most since 1957, while imports 
Barite producers sold or used almost 1 for consumption were the least since 1958. 


Table 1.—Salient barite and barium-chemical statistics 
(Thousand short tons and thousand dollars) 


1963 1964 1965 1966 1967 
United States: 
Primary: 
Mine or plant production........... 803 817 846 1,007 944 
Sold or used by producers 824 830 852 947 962 
Mauger $9,402 $9,796 $10,192 $11,259 $11,604 
Imports for consumption 578 600 712 
(!( $4,637 $4,796 $5,553 $5,764 $4,655 
Consumption nn11n1.n . 1,230 1,277 1,388 1,417 1,371 
Ground and crushed sold by producers 1,030 1,077 1,169 
E DI es OS IURIS ee $25,517 $26 , 948 $29,444 $30,641 $29,382 


1 Includes some witherite. 


DOMESTIC PRODUCTION 


Forty-four mines in nine States pro- the most barite since 1957. Yearend stocks 
duced crude barite in 1967 and almost of crude barite at mining operations 
88 percent of this production was from totaled 67,500 tons compared with 85,- 
Arkansas, Georgia, Missouri, and Nevada. 100 tons (revised) in 1966. 

Although the output was somewhat smal- 55 YET ES i 
ler than in 1966, producers sold or used Studies. ii A 8 


Table 2.—Domestic barite sold or used by producers in the United States, by States 
(Thousand short tons and thousand dollars) 


z 1963 1964 1965 1966 1967 
tate — —— —  ———TIU_'_— A — P — s 
Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity tity 
Arkansas 236 $2,161 238 $2,202 249 $2,379 2833 $2,266 229 $2,266 
California 5 31 6 45 4 21 15 104 10 71 
Georgia 117 2,013 109 2,022 W W W W W W 
Kentucky —— 6 / ³ ͤ vets Stones, ⁰ Qua Sus 
Missouri 287 3,680 267 3,451 829 4,219 887 4,280 832 4,444 
Nevada......... 120 160 149 1,261 91 583 189 933 154 9 
New Mexico..... 1 6 (1) / ĩðͤ 8 
North Caroliná -i ę́iiXXiàXX.àu,. !!!... 8 1 
Tennessee 404 39 519 31 442 29 412 15 235 
Washington...... bon wees . (1) 1 3 (1) 1 
Other States 28 262 21 200 148 2, 545 194 3,264 221 3,658 
Total....... 824 9,402 830 9,796 852 10,192 947 11,259 962 11,604 


W Withheld to avoid disclosing individual company confidential data; included with ‘‘Other States." 
! Less than V unit. 
2 Alaska (1966-67), Idaho (1963-64), South Carolina (1963-66), and Texas (1963-66). 
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Three firms in three States produced 
crushed barite while 17 firms in nine 
States produced ground barite, some firms 
producing from more than one plant. 
The output of these materials continued 
at a high level. 

The following firms produced barium 
chemicals from barite, except where indi- 
cated: Chemical Products Corp., Carters- 
ville, Ga.; Chicago Copper & Chemical 
Co., Blue Island, Ill.; The Great Western 
Sugar Co., Johnstown, Colo. (also used 
witherite); Holland-Suco Color Co., 
Huntington, W. Va.; Inorganic Chemicals 


MINERALS YEARBOOK, 1967 


Division, FMC Corp., Modesto, Calif.; 
Mallinckrodt Chemical Works, St. Louis, 
Mo.; Ozark Smelting & Mining Co., Cof- 
feyville, Kans.; and Pittsburgh Plate 
Glass Co., Chemical Division, New Mar- 
tinsville, W. Va. 

The following firms used various bar- 

ium chemicals to make other barium 
chemicals: 
J. T. Baker Chemical Co., Phillipsburg, 
N. J.; Barium & Chemicals Inc., Steuben- 
ville, Ohio; Eastman Kodak Co., Roches- 
ter, N. V.; Inorganic Chemicals Division, 
FMC Corp., Carteret, N.]. 


CONSUMPTION AND USES 


The greatest use of barite continued 
to be as a weighting agent in oil-and 
gas-well drilling muds for lubricating and 
cooling drill bits, sealing the walls of 
holes to prevent caving and loss of dril- 
ling fluid, and confining high pressures 
to the rock formations to prevent blow- 
outs. Barite was also used by the glass, 
paint, and rubber industries and in mak- 
ing barium chemicals for many uses such 
as glass, television picture tubes, ceramics, 
lubricating oil additives, paper coating, 
lithol colors, steel hardening, permanent 


Table 3.—Ground and crushed barite 
produced and sold by producers in the 
United States 


(Thousand short tons and thousand dollars) 


Produc- Sales 
Year Plants tion 

quan- Quan- Value 

tity) tity 
1963....... 34 1,027 1,030 $25,517 
19644. 33 1,079 1,077 26,948 
1965....... 31 1,169 1,169 29,444 
1966....... 30 1,208 1,209 30,641 
19677 29 1,174 1,171 29,382 


magnets, vinyl stabilizers, brick, tile, rail- 
road flares, fireworks, and sugar refining. 

In contrast to 1966, the producers of 
ground and crushed domestic  barite 
(table 5) reported smaller sales of these 
materials to the well-drilling, paint, and 
rubber industries, and larger sales to the 
glass and undistributed industries, the 
latter mostly for chemicals. Consumption 
of domestic and imported barite for 
chemicals (table 4) decreased 16 percent 
in 1967 over 1966. 


Table 4.—Crude barite (domestic and 

imported) used in the manufacture of 

ground barite and barium chemicals in the 
United States ! 


(Thousand short tons) 


In manufacture of— 


Year Barium Total 

Ground chemicals 

barite ? and 

lithopone 
1988 1,048 182 1,230 
19644. 1,108 174 1,277 
Loep ..... 1,199 189 1,388 
196 1,215 202 1,417 
196777 1,201 170 1,871 


1 Includes some witherite in the manufacture of 
barium chemicals. 
? Includes some crushed barite. 
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Table 5.—Ground and crushed barite sold by producers, by consuming industries ! 


1963 1964 1965 1966 1967 
Industry Per- Per- í Per- Per- Per- 
Short cent Short cent Short cent Short cent Short cent 
tons of tons of tons of tons of tons of 
total total total total total 
Well drilling 907,184 89 980,965 87 986,889 84 1,022,106 85 949,982 81 
Glass 56,362 5 56,866 5 40,158 6 73,660 6 91,220 8 
Paint V 84,611 3 58,396 6 68,827 6 69, 895 6 59,698 5 
Rubber......... 28,479 3 26,675 2 29,992 3 38,249 3 81,039 3 
Undistributed - 9,121 ... 8,787 ... 12,718 1 4,605 ... ? 39,166 8 
Total. ` 1,029,707 100 1,076,689 100 1,168,584 100 1,208,515 100 1,171,105 100 


! Designated uses as reported by the producers of ground and crushed barite. 
? Includes chemicals not separately reported. 


Table 6.—Barium chemicals produced and used or sold by producers in the United States 
(Short tons) 


Used ! by Sold by producers ? 
producers ? 
Chemical and year Plants Produced in other Short Value 
barium tons 
chemicals 
Black ash:* 
J)) ĩð LEA et. 8 112,953 102,945 3,874 $322,941 
19h). 88 9 114, 421 110, 676 3, 605 344, 295 
198. ⅛ͤ Kuv0 ĩðV EHE 7 124, 279 118, 805 3,954 375,815 
Bl 7 131,671 128,886 4,691 465,116 
1901... aee 88 6 111,019 109,803 2,690 273,997 
Carbonate (synthetic): 

19). 8 7 78,411 25, 688 52,026 5,685,281 
.öÄ mg m uses fd 7 81,018 28,088 53,897 6,021,728 
KEEN 6 85,609 28,734 57, 264 6,206,303 
19 5 DON Me 8 6 94,369 30, 669 63,697 7,197,090 

uU eet ens Sa 8 6 82,281 26,782 55,625 6, „307, 246 
Chloride (100 percent BaCl:) 

963 eos ee eee ees 4 111000 — 11,299 1,842,105 
1964. — eect ( acetates 5 11,425 ......... 11,590 1,926,885 
1 y ZS Ld E 3 11,214 2.1: 10,975 1,892,909 
133... 88 3 12,378 12, 213 2,182,917 
190[... 22m 8 3 11,1800 10, 692 1,942,283 

Hydroxide: 

19603 elec nius ste 4 18,74 18, 436 3,018, 482 
jb lf; oe oe OV 5 23, 384 W 23,313 3,688,060 
e casei een chet 5 30,211 W 30, 459 4, 662, 887 
19662 «ff!l ... a oe 5 29,604 W 28,664 4,123,893 
I965T. ue dc scopre 8 4 25,172 W 25,250 3, 729, 658 

Other barium chemicals: 

S9) onec ed E ze 26,555 W 29,462 4, 967, 844 
11//ö»ô t oot sa oe m 28, 365 Ww 24, 598 5, 120, 058 
C/ ce 2 uec a S 3 29, 006 W 21,926 4,796,988 
1966 %%%éͤꝙgꝙ0û(6＋ꝗ◻G n erede ees ne 30,054 W 23,763 5,140,246 
KI eg (5) 30,229 W 18,269 4,029,904 

Total:? 

e tee eee ee I4 ee Bee Skeet tee 108 , 597 15, 836, 653 
7)•·Ü˙ÜÜedee%é%ſ,ĩ w ee eet 4;˙ðẽ 8 117,003 17,101,021 
Jö ⁰⁰ A ĩ Jol. cule A EE 8 124,578 17,934,902 
IT UE 12222 8 133,028 19,109,262 
///%%ͤ— ß. x ĩð CS 12. i 8 112, 526 16, 283, 088 


W Withheld to avoid disclosing individual company confidential data. 
1 Includes purchased material. 


2 Of any barium chemical. 


3 Exclusive of purchased material and exclusive of sales by 1 producer to another. 
í Black-ash data include lithopone plants. 


5 Includes barium acetate, nitrate, oxide, peroxide, sulfate, and other compounds for which separate data 


may not be revealed. 


6 Barium acetate, 1 plant; nitrate, 3; oxide, 2; peroxide, 1; sulfate (synthetic) 5. 


* À plant producing more than 1 product i is counted only once in arriving at total. 
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PRICES 
Prices of barite and barium chemicals at which transactions occurred. 
are negotiated between the buyer and The quoted prices of two varieties of 


seller. The published prices, which fol- chemical-grade barite and of three bar- 
low, only serve as a general guide to ium chemicals increased. 
prices and do not necessarily reflect prices 


Table 7.—Price quotations for crude and ground barite in 1967 
(Per short ton) 


Item 1967 
Chemical grade, f.o.b. shipping points, carlots: 
Hand picked, 95 percent BaSO,, 1 percent iron nnn nnn . $18.50 to $20.50 
Flotation or magnetic separation, 96-97.5 percent BaSO,, 0.3-0.7 percent iron 
(add $3 for 100-pound bags) eee 19 to 24.50 
Water ground, 99.5 percent BaSQ., 325 mesh, 50-pound bags 45 to 49 


Drilling- mud grade, f. o. b. shipping point, carlots: 83-93 percent BaSQ., 3-12 percent, 
iron, specific gravity 4. 20-4. 30: 


, ß ERN 12 to 16 
Some restricted sales... A ð2 al r Se 11.50 
M gu y RENE EE EE 23 to 26 
Imported, bulk, c.i.f. gulf port 10 to 14 


! $18.50 until September 18, and afterward at $20 to $20.50. 
? $19 to $23.50 until September 18, and afterward at $24.50. 
Source; Metals Week. 


Table 8.—Price quotations for barium chemicals in 1967 


(Per short ton, except as noted) 


Item 1967 

Barium carbonate, calcined, bags, carlots, worka -------------------------------- 1 $117.00 to $122.50 
Barium chlorate, drums, works per pound 82 to .41 
Barium chloride, anhydrous, bags, carlots, works- ------------------------------- 2 185. 00 to 194.00 
Barium dioxide (peroxide), drums, freight equalize .................. per pound 30 
Barium hydrate, crystalline, bags, carlots, truckloads, delivered. .................. 224.00 
Barium monohydrate, 99 percent, bags, carlots, delivered per 100 pounds 12.00 
Barium nitrate, barrels, carlots, truckloads, delivered. ................ per pound .16 

Barrels, less carlots, less truckloads, delivered _-_--------------------- do.... .17 
Barium oxide, ground, drums, carlots, truckloads, freight equalized_____________-_- 288.00 
Blanc fixe, direct process, bags, carlots, worse... : 3 175.00 to 235.00 


1 $117 to Dec. 3. 

? $185 to Dec. 3. 

3 $156 to $175 to Dec. 3. 

Source; Oil, Paint and Drug Reporter. 


BARITE 


213 


FOREIGN TRADE 


Exports of lithopone declined sharply 
in 1967 from those of 1966; the latter 
were the highest since 1953. 


Table 9.—U.S. exports of lithopone 


declared value of imports for consump- 
tion of crude barite at foreign ports, for 
all countries, in 1967 was $8.75 per short 
ton. The large decrease in barite imports 
in 1967 may be attributed to smaller de- 
mand by the chemical and well-drilling 
industries. Declared values of crude barite 


Year Short Value : 
tons (thousands) at foreign ports were as follows for the 
indicated countries: 
1965___-_... 8 609 $187 
ba FCC 3, e 7 644 Per ton 
RENE re ISO SMS 2 
gs of E FER $8.49 
GIOCO. ou ] YS PPP 8.26 
I f f d Ireland 33 7.56 
mports for consumption of crude Mexico 7.93 
barite were 24 percent lower in 1967 com- Morocco. 10.06 
pared with those in 1966. The average Peru. 10.32 
Table 10.— U.S. imports for consumption of barite, by countries 
(Thousand short tons and thousand dollars) 
1966 1967 
Type and source 
Quantity Value Quantity Value 
Crude barite: 
Asen. ³ ĩ is 11 $111 17 $163 
Canadi S lucu ee 8 181 1,541 134 1,141 
Germany, West sur ß uum es. Nee ML (1) 1 
Greece_________ Se ee ees 11 85 37 306 
Ireland ool ne NDS ĩð ß a a 116 874 58 437 
EE 80 8 99 
õ³ê!˙—1m e km y 6 212 1, 501 133 1,055 
Morse ⁵ð ĩðd ne E 45 444 49 497 
F ͥ A T Susa S te ĩͤ Et al e 95 969 71 729 
II ͥ‚‚¹¹¹iàw ⅛˙mi. k y 88 10 83 25 227 
United Kingdom. ~~ eee 10 76 opera Ee 
DOLI. EE 699 5, 764 532 4,655 
Ground barite: m lli — 
CanadH-l s eg ee ea St SE sufa, (1) 1 (1) 2 
FP CCC]]!½!huGhſuſſw ³ WAA ß “Suma a aT Ru (1) 2 
Germany, We tee (1) 1; 8 
OUR as ors ee ce eee ea Lue ers (2) 2 (2) 4 
1 Less than 14 unit. 
Table 11.—U.S. imports for consumption of barium chemicals 
Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- 
sands) sands) sands) sands) 
Year 
Blanc fixe Barium Barium 
Lithopone (precipitated chloride hydroxide 
barium sulfate) 
TEEN 190 $34 1,624 $181 890 $80 6 $1 
19666 182 33 2,705 304 1,237 128 11 2 
198 8 116 22 2,249 282 979 FP 
Short tons Value Short tons Value Short tons Value 
(thousands) (thousands) (thousands) 
Barium nitrate Barium carbonate, Other barium 
precipitated compounds 
1965_...... . eee 568 $84 826 $53 291 $165 
KE 1,005 170 1,150 74 444 249 
1 d 1,046 153 813 54 156 73 
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Table 12.—U.S. imports for consumption of crude unground, 
and crushed or ground witherite 


Year 


Crude unground 


— 


Crushed or ground 


Value Value 
Short tons (thousands) Short tons (thou- 
sands) 
2, 569 $112 25 $2 
eles „138 100 90 8 
1,260 53 25 3 


WORLD REVIEW 


Rhodesia, Southern.—The proved re- 
serve of barite at the Dodge mine of the 
Dodge Mineral Development Co. in the 
Shamva district was reported to be more 
than 1 million tons. 


Thailand.—During a recent study 
sponsored by the United Nations, U.S. 
Geological Survey geologists working 
closely with the Royal Thai Department 
of Mineral Resources investigated 58 
mineral prospects in the Mekong River 


basin, about 400 miles northeast of Bang- 
kok, for a number of minerals and 
metals. One of the deposits, a limestone 
replacement deposit, was found to con- 
tain 2.5 million tons of proven and prob- 
able reserves of barite and possibly as 
much as 3 million tons.? 


2 Bureau of Mines. Mineral Trade Notes. V. 
64, No. 9, September 1967, p. 5. 

3 U.S. Geological Survey. Mineral Investiga- 
tions in Northeastern Thailand. Open file 
report, 1967, 276 pp. 
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Table 13.—World production of barite, by countries 1 2 


(Short tons) 


Country 1963 1964 1965 1966 1967 P 
North America: 
Canada -.-------------- 173,503 169,149 208 , 025 r 221, 876 199, 576 
Mexico 283, 246 368, 220 406, 027 321, 306 NA 
United States 803, 106 816, 706 845, 656 1, 006, 965 944,082 
South America: 
Argentina 25, 350 15,989 r 21,843 r 23, 700 NA 
BPA! 37,601 36 , 968 70,945 44,344 60, 073 
LEE 8 r 1,124 1,203 r 3,132 r 2,345 NA 
Colombia............... 11,574 11,244 9,700 e 9,900 NA 
Pr... emen uar 187,557 188,252 122, 104 128,579 NA 
Europe: 
Austria (marketable) 2,995 1,390 2,578 r 3,086 e 2,900 
France................- 82,078 92,397 114, 783 e 110,200 NA 
Germany, West 
(marketable ) r 503, 430 r 515, 290 r 517, 874 r 497,418 NA 
Greece ds r 94,000 r 75, 000 132, 000 r 143, 000 NA 
Ireland___ 14,918 45 ,232 92,581 r 137,789 NA 
Italy. coss Settee aoe 114,229 115,461 156,412 190,411 e 171,000 
Poland 50,376 e 50,376 e 50,376 e 51,800 ° 51,800 
Portugal- -------------- 1,828 384 r 1,199 1,054 e 180 
Rumania A NA r 50, 000 er 55, 000 e 61,000 
Spin 888 r 53,312 65,183 r 61,140 i NA NA 
USS: (( 220 ,000 r 243 ,000 r 254,000 r 276,000 287,000 
United Kingdom 61,066 68,343 67,241 34,172 NA 
: Yugoslavia. ........ 115, "176 112, 072 107, 045 r 88, 393 e 99, 000 
Africa: 
Algeria 82,421 82,665 47,142 e 82,700 e 88,000 
JG ³ AA 40 108 NA 
Morocco 104, 228 99, 036 114, 508 117,126 99,779 
Rhodesia, Southern...... 1,95 1,561 e 1,500 NA NA 
South Africa, Republic of. 2,704 2,835 1,477 6,815 e 1,700 
Swaziland. 93 17 541 1,150 e 700 
"T United Arab Republic 4,545 r 5,017 16,924 * 16,500 NA 
sia: 
Burma L... ee r 2,127 NA r 1,940 er 8,800 NA 
China, mainland *....... r 88,000 110,000 110,000 r 121,000 110,000 
IndiB. 2. aduer 41,752 r 51,763 r 53,223 56,949 NA 
Iran 4.5. conn nee e 16,500 47,899 er 68,000 er 68, 000 e 68,000 
Tapn V 41,360 43,810 46,606 r 44,396 41,417 
orea: 
North o- sassen r 77,000 r 77,000 r 88,000 r 110,000 110,000 
South. 3,040 8,024 1,419 40; a Skee zz 
Pakistan 5,422 13, 235 9,740 r 8,624 NA 
Philippines 1,008 / A 2 NA 
Turkey... 2s Leu 1,081 6,669 13,206 e 18,700 34,822 
Oceania: Australia 9, 206 13, 778 r 13. 413 r 15,370 16,017 
Total EE r 3,218,309 r 3,451,295 r 3,876,785 r 4,023,118 2,447,046 


* Estimate. P Preliminary. r Revised. NA Not Available. 
! Barite is produced in Bulgaria, Czechoslovakia, and East Germany, but data on production are not 


available. 
2 Compiled mostly from data available May 1968. 
3 Includes witherite. 


* Year ended March 20 of year following that stated. 


5 Total is of listed figures only; no undisclosed data included. 


TECHNOLOGY 


Discovery of a belt of barite deposits 
in Nevada may add appreciably to the 
domestic barite reserve. Additional explo- 
ration wil be needed to evaluate the 
economic potential of the deposits. The 
three principal barite beds usually range 
from 5 to 30 feet in thickness, but one 
exceeds 50 feet in some places. The barite 


is mostly dark gray, contains 71 to 94 
percent BaSO,, and is interlayered in 
black chert. Outcrops indicate that the 
beds may extend 10,000 feet along the 
strike.* 


4Shawe, D. R., F. G. Poole, and D. A. 


Brobst. Bedded Barite in East Northumberland 
Canyon, Nye County, Nevada. U. 8. Geol. 
Survey Circ. 555, 1967, 8 pp. 
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Bauxite 


By Robert F. Griffith ' 


Bauxite and alumina in 1966 and 1967 
were featured by worldwide alumina plant 
Capacity expansions, the increasing trend 
to convert bauxite to alumina at the 
bauxite source, and continued research to 
develop nonbauxitic sources of alumina. 
Imports of alumina for the production of 
aluminum doubled each year from 1965 to 
1967 reaching almost 1 million short tons. 

Legislation and Government Programs— 


Public Law 89-364 (April 14, 1966), pro- 
vided for disposal of 126,300 long tons of 
calcined refractory-grade bauxite from the 
national stockpile, which was reduced to 
its objective of 173,000 tons by sales 
of 49,000 tons in 1967. No acceptable bids 
were received by the General Services 
Administration on the offering for sale of 
1,000 short dry tons of fused crude 
aluminum oxide used in abrasives. 


Table 1.—Salient bauxite statistics 


(Thousand long tons and thousand dollars) 


1963 1964 1965 1966 1967 

United States: 
Production, crude ore (dry equivalent) e 525 1, 601 1,654 1,796 1,654 
CHE 7,234 $17,875 $18,632 $20,095 519. 079 
Imports for consumption 112 9.212 10,180 11,199 11,529 11,673 
Exports (as shipped )) 203 279 147 62 2 
Consumption (dry equivalent) NN 11,318 12,546 13,534 14,084 14, 503 
World: Production_______ -2-2 ------------ 30, 206 32, 826 36, 854 38, 766 43, 612 


1 Includes bauxite imported for Government account. Import figures for Jamaican, Haitian, and Dominican 
Republic bauxite included were adjusted by Rureau of Mines to dry equivalent. Other imports, which are 


virtually all dried, are on an as-shipped basis. 


DOMESTIC PRODUCTION 


Output of crude bauxite remained at the 
1965 level but decreased 8 percent from 
1966 production. Cessation of production 
during the first quarter at the American 
Cyanamid mine in Pulaski County, Ark., 
accounted for a large part of this de- 
crease. 

Arkansas continued to produce 96 per- 
cent of the U.S. total from mines operated 
by three companies in Saline County. The 
two leading producers, Aluminum Com- 
pany of America (Alcoa) and Reynolds 
Metals Co., shipped crude ore to their 
own alumina plants. American Cyanamid 
Co. continued to operate its Saline 
County mine for the production of cal- 
cined bauxite. Activated bauxite was pro- 
duced by Porocel Corp. and Stauffer 


1 Commodity specialist, 


Chemical Co. Reserves of bauxite in 
Arkansas, comparable with the grade now 
being mined, are estimated to be sufficient 
to last for 25 years at the current rate 
of production.“ 

Harbinson-Walker Refractories Co., 
National Properties Mining Co., and 
Wilson-Snead Mining Co. mined bauxite 
in Barbour and Henry Counties, Ala., 
and American Cyanamid Co. mined baux- 
ite in Sumter and Floyd Countries, Ga. 
Together they produced 70,500 long dry 
tons, a 9-percent decrease from the 1966 
total. Harbinson-Walker Refractories Co. 


Division of Mineral 
Studies. 
2 Patterson, Sam H. Bauxite Reserves and 
Potential Aluminum Resources of the World. 
Geol. Survey Bull. 1228, 1967, 176 pp. 
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produced calcined bauxite; the other com- 
panies produced dried bauxite. 

Reynolds Metal Co. began production of 
sodium aluminate at its Hurricane Creek, 
Ark., alumina plant. Reynolds is the first 
primary aluminum producer to make and 
market this basic chemical. Alcoa and 
Kaiser Aluminum & Chemical Corp. 
doubled their tabular aluminum produc- 
tion capacities at their plants in Bauxite, 
Ark., and Baton Rouge, La., respectively. 

The gross weight of all aluminum 
oxide produced in 1967 was 6.51 million 
short tons of which 6.15 million short tons 
was calcined alumina, 254,000 tons was 
trihydrate alumina, and the remainder was 
tabular and activated alumina and light 
hydrate. Shipments of alumina and alumi- 
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num oxide products totaled 6.9 million 
tons of which 5.91 million tons went to the 
aluminum industry; the remainder was 
shipped to the refractory, ceramic, chemi- 
cal, and abrasive industries. 

Harvey Aluminum, Inc., began produc- 
tion of alumina from Austrialian bauxite 
at its 350,000-ton-per-year capacity plant 
at St. Croix, Virgin Islands. The alumina 
was shipped to Harvey’s aluminum reduc- 
tion plant at The Dalles, Oreg. In 1967, 
52,576 short tons of alumina were shipped 
to the United States from the Virgin 
Islands. This operation, and the eight 
alumina plants in the continental United 
States operated by four aluminum com- 
panies accounted for the entire calcined 
alumina output. 


CONSUMPTION AND USES 


The production of aluminum accounted 
for 90.0 percent of U.S. bauxite consump- 
tion in 1967, of which over 87 percent was 
imported. The refractory, chemical, and 
abrasive industries in that order accounted 
for most of the remainder. Minor quan- 
tities of bauxite were consumed by the 
cement, oil and gas, and steel industries 
and by municipal water works. 


SiOz, percent 


The aluminum industry received 94 per- 
cent of total alumina shipments. The 
chemical, refractory, and ceramic and 
abrasive industries received most of the 
remainder. 


Shipments of domestic bauxite (an index 
of the grade of ore consumed) containing 
less than 8 percent silica decreased to 4 
percent of the total, the 8- to 15-percent 
silica class increased to 73 percent, and the 
plus 15-percent silica category decreased to 
23 percent. A 5-year comparison of the 
grades shipped follows: 


1965 


1963 1964 1966 1967 
8 6 5 10 4 
52 63 64 60 73 
40 31 31 30 23 


Calcined alumina consumed by the pri- 
mary aluminum reduction plants totaled 
6.14 million tons. The amount of bauxite 
and alumina consumed to produce 1 ton 
of aluminum since 1963 was as follows: 


1963 1964 1965 1966 1967 
BRàüxitëe.. d eL ue Su long dry tons. 3.929 4.074 4.136 4.088 3.993 
Ze ⁵ð,uſ ð K eee short tons 1.849 1.901 1.891 1.904 1. 878 
Mum, do.... 1.000 1. 000 1. 000 1. 000 1. 000 
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Table 2.—Mine production of bauxite and shipments from mines and processing plants 
to consumers in the United States 


(Thousand long tons and thousand dollars) 


Mine production Shipments from mines and 


State and year 


processing plants to consumers 


Crude Dry Value! As Dry Value ! 
equivalent shipped equivalent 
Alabama and Georgia: 
EE 60 47 $533 54 62 $747 
196i EE 51 3 444 57 57 809 
EE 79 61 658 57 56 792 
KI ee ae ec E 102 78 656 85 82 1,108 
KL 108 83 810 85 84 1,236 
Arkansas 
LEE 1,771 1,478 16,701 1,725 1,483 17, 543 
11%%/,öùùͤͤ 8 1,864 1,562 17,431 1,773 1,531 17,859 
J yd 1.911 1,593 17,974 2,008 1,729 20,293 
LEE , 060 1,718 19,439 1,891 1,636 19,788 
EE 1,943 1,571 18,269 2,022 1,742 21,343 
Total United States: 
%% ENIRO RE S 1,831 1,525 17,234 1,779 1,545 18,290 
/%ͤ%ͤ»TT Ak mt ERES 1,915 1,601 17,875 1,830 1,588 18,668 
%%,öÄ0Ü 1,990 1,654 18,632 2,065 1,785 21,085 
KEE 2,162 1,796 20,095 1,976 1,718 20,896 
NOG los ori a EE -... 2,051 1,654 19,079 2,107 1,826 22,579 


1 Computed from selling prices and values assigned by producers and estimates of the Bureau of Mines. 


Table 3.—Recovery of dried, calcined, and activated bauxite in the United States 
(Long tons) 


Year 


Processed bauxite recovered 


Crude ore Calcined or Total 

trea Dried activated = —— F — 

Asrecovered Dry equivalent 
1969 EE 170, 641 35,727 61,853 97,580 137,946 
1964... 166, 884 w w 93,235 128 , 347 
1968... eros 193,076 W W 99, 765 140, 713 
19606; AAA 202, 443 W W 117, 326 157, 206 
1177! se See wn 228,174 W W 123, 200 166, 696 


W Withheld to avoid disclosing individual company confidential data. 


Tabular alumina was used in the manu- 
facture of spark plugs, refractory brick, 
casting molds, industrial crucibles, high 
tension insulators, and thermocouple tubes 
where resistance to high temperatures, 
chemical attack, and general erosion was 
necessary. Sodium aluminate and hydrated 
alumina powder were consumed by the 
paper, paint, chemical and rubber indus- 


tries. 

Aluminum sulfate (alum), by far the 
largest item in the category of selected 
aluminum salts, was consumed by the pulp 
and paper, clay, and textile industries, and 
by municipal water works as a purifier. A 
plant was constructed by the Tennessee 
Corp. at Augusta, Ga., to supply this com- 
modity to markets in the Augusta area. 


STOCKS 


Bauxite stocks, crude and processed, in- 
creased about 680,000 long tons in 1966 


and decreased about 140,000 tons in 1967. 
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Table 4.—Bauxite consumed in the United States, by industries 


(Long tons, dry equivalent) 


Year and industry Domestic Foreign Total 
1966: 
Alumina ose ce he u uuu. eebe 1,687,643 11,420,670 13,108,313 
Abrasvel.. cs locu Oe eB ee de w 296,369 2 296,369 
Chemical: lu ⁰—m m . ae ee 104,738 189,539 294,277 
Refractory ------------- ee ee ee cee 89,802 272,979 312,781 
Others; ee ĩ ß EE 28,259 43,942 72,201 
.... ĩð AA 1, 860, 442 12, 223, 499 14, 083, 941 
1967: m I 
Alümina ee es Seo ug el 1,633,289 11,936,473 13, 569, 762 
Abrasive *. .... . RT eR W 246, 163 2246, 163 
Chemica lois ³¹·Ü ee 130, 292 175, 727 306,019 
Refa,” Sees c cet 82,666 282,014 314,680 
Ohër- ced uno euo mt Eie UAE 28,214 43,100 66,314 
To EE 1,819,461 12,683,477 14,502,938 
W Withheld to avoid disclosing individual company confidential data; included with “Other”. 
1 Includes consumption by Canadian abrasive industry. 
2 Excludes domestic. 
Table 5.—Bauxite consumed in the United States in 1967, by grades 
(Long tons, dry equivalent) 
Grade Domestic origin Foreign origin Total 
e DEE ee vA e S EN ee! 1,655,393 375,414 2,030,807 
ccc 32, 342 11, 780, 703 11,813,045 
Aeta ᷣ eee ae 31,268 wei 8 , 268 
CaleineG WEEN 100, 458 527,360 627,818 
Toal ceniris ha tah ee te ee d 1,819, 461 12,683,477 14,502,938 
Table 6.—Capacities of domestic alumina plants 
Capacity as 
Company and plant of Dec. 31, 1967 
(short tons 
per year) 
Aluminum Company of America: 
hu T.U e ß ß a E 950, 000 
% ↄ ↄ !!! !! Q! ĩ ͤ dd d ß Rd 400, 000 
Pomt Comfort Ter ße e e hoe ACA el ec EL CE 900,000 
Ke DEE 2,250,000 
Reynolds Metals Co.: 
Hurricane Creek. Ark ß! d ñ aa a 820,000 
Là Quinta, (Pex u oe ee LRL MOREM UE 11,080,000 
PR OU BEE 1,900,00 
Kaiser Aluminum & Chemical Corp.: | 
Baton Rouge, tee ee f eL cu ee s suu 1,042,000 
Gramercy, ET oce nasce dr fL M Du Pha E A ds d 720,000 
% ͥ¹ð1 ðedrbbddd sid ei A cert eA EE 1,762,000 
Ormet Corp.: Burnside E ll... d d s aD at mdp 520,000 
Harvey Aluminum, Inc.: St. Croix, Virgin Islands „„ 350, 000 
Grand total... uu cz le eh ee eo Lisa ee up LEE 6,782,000 


1 A 100,000-short-ton-per-year expansion is under construction. 
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Table 7.—Production and shipment of selected aluminum salts in the United States in 1966 


Num- Total shipments including 
ber of interplant transfers 
Type of salt plants Production 
pro- (short tons) Short tons Value 
ducing (thou- 
sands) 
Aluminum sulfate: 
Commercial (17 percent Ale, 56 1,112,180 1,072,654 $42,212 
Municipal (17 percent Als... 3 „738 XX XX 
Iron-free (17 percent AlzO)ʒ ~~~ ee 16 64,929 38,798 2,210 
Aluminum chloride: 
Liquid (329 Be)___.-.--------------------------- ! 8 24,649 14,462 1,071 
Crystal (32° . oc sl L 
Anhydrous (100 percent Al Cl 7 36, 659 36,807 9,736 
Aluminum floride, technical... l l |... ee 6 124,848 125,526 29,667 
Aluminum hydroxide, trihydrate (100 percent Al2033H2O0) - 8 270,529 243,716 18,307 
Other inorganic aluminum compounds 111 XX XX XX 15,809 
Total ae baw coe ³ðVA XX XX XX 119,012 


XX Not applicable. 


1 Includes sodium aluminate, light aluminum hydroxide, cryolite and alums. 
Source: Data are based upon Bureau of the Census report Form MA-28E.1, Annual Report on Shipments 


and Production of Inorganic Chemicals. 


Table 8.—Stocks of bauxite in the United States 1 
(Long tons) 


y Producers and processors Consumers 
ear 
Crude Processed 2 Crude Processed 2 

T963 EE 1,143,893 8,967 499,526 1,696,700 
e e 1,163,770 10,264 402,394 1,399,509 
1965. oves : 8 1,007,020 8,689 419,525 1,609,104 
KEEN 1,129,759 10,424 414,446 2,167,741 
Ü AI ege 1,091,926 9,975 405,870 2,078,018 

1 Excludes strategic stockpile. 

2 Dried, calcined, and activated. 

PRICES 


No open market price was in effect for 
bauxite mined in the United States be- 
cause the output was consumed mainly by 
the producing companies. The average 
value of imported bauxite consumed by 


domestic alumina plants was $15.68 per 
long dry ton. 

Prices per long ton quoted in Metals 
Week for imported bauxite at yearend 


1966 and 1967 follow: 


Calcined, crushed (abrasive grade) ) 
Refractory grade *,..... La . cerle E 


Atlantic ports, f.o.b. cars 


Dec. 26, 1966 Dec. 25, 1967 


$35.00 


2 $27.05-$28.80 
36.25 42.00 


Dried bauxite, crushed chemical grade (60 percent ABOS 6 percent 


SiO», 1.25 percent EE 


1 87 percent minimum Al2Q3. 
2 Penalties for SiOz content more than 7 percent. 
3 88 percent minimum AlzO;. 


The average value of calcined alumina, 
as determined from producer reports, was 
$0.0333 per pound. The value of imported 


13.95 15.50— 16. 50 


calcined alumina classified as aluminum 
oxide for use in producing aluminum was 
50.0263 per pound. 
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Table 9.—Average value of domestic 
bauxite in the United States 1 


(Per long ton) 


Shipments f.o.b. 


Type mines or plants 

1966 1967 

Crude (undried) . ............. . $9.70 $9.70 
RI ↄ⁵² m A 8 W w 
CGeleined dlm 21.20 w 
Aetivated. ........ 2... ...-. W W 


W Withheld to avoid disclosing individual company 
confidential data. 

1 Calculated from reports to the Bureau of Mines 
by bauxite producers. 
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Table 10.—Average value of U.S. exports 
and imports of bauxite 


(Per long ton) 


Average value 
port of shipment 


1966 1967 


Type and country 


Exports: Bauxite and bauxite 


concentrate $69.27 $100.33 
Imports: 
Crude and dried: 
Austral az. 7. 75 
Brazil 17.98 ....... 
Dominican Republic 1. 12.49 15.26 
ee 14. 00 7.85 
Guvana ...--------- 9.88 9.49 
iii! é 9. 40 10. 87 
Jamaica ll! 12. 45 14. 52 
Surinam 9.67 9. 62 
Trinidad and Tobago.. 10.68 
United Kingdom 13.700 
Venezuela. 9.13 
Average 11. 54 12.97 
Calcined: 3 

Canada 39.39 38.22 
Guyana 29. 90 31.11 
Surinam 26.17 23.10 
Trinidad and Tobago.. 32.32 81.16 
Average 29.41 29.82 


1 Dry equivalent tons adjusted by the Bureau of 
Mines used in computation. 

2 For refractory use. 

Note: Bauxite is not subject to an ad valorem rate 
of duty and the average values reported may be 
arbitrary for accountancy between allied firms, etc. 
Consequently the data do not necessarily reflect 
market values in the country of origin. 


Table 11.—Market quotations on alumina and aluminum compounds 


Compound Dec. 26, 1966 Dec. 18, 1967 
Alumina, calcined, bags, carlots, works pound.. $0.0530 $0.0530 
Aluminum hydrate, heavy bags, carlots, freight equalized....... do .0370 .0370 to .0400 
Aluminum sulfate, commercial, ground, bulk, carlots, work, freight 
ginn ³ ð ⁵ ton.. 48.25 52. 75 to 56.25 
Aluminum sulfate, iron-free, bags, carlots, works, freight equalized 
100 pounds 3.80 8.95to 4.0525 


Source: Oil, Paint and Drug Reporter. 


FOREIGN TRADE 


The decline in exports of bauxite and 
bauxite concentrate from 147,000 long tons 
in 1965 to 2,168 tons in 1967 was caused in 
part by the development of the Australian 
bauxite industry and by exports of alu- 
mina rather than bauxite to Canada and 
Mexico. Exports of alumina increased from 
320,000 short tons in 1965 and in 1966 to 
550,000 tons valued at $41.5 million in 
1967. Canada received 32, Ghana 21; 
U.S.S.R. 15, Norway 13, and Mexico 9 per- 


cent. Small quantities were shipped to over 
30 other countries. 

Exports of aluminum sulfate dropped 
from 22,000 tons in 1966 to 16,200 tons. 
Venezuela received 52, Canada 18, and 
Guatemala 12 percent. About 10,600 tons 
of aluminum hydroxide was exported; 
Mexico, India, and West Germany received 
32, 15, and 14 percent, respectively. Ap- 
proximately 19,600 tons of artificial corun- 
dum valued at $5.6 million was exported; 
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Canada received 53, the United Kingdom 
9, and Sweden 8 percent. Of the 19,650 
tons of other aluminum compounds ex- 
ported, 20 percent was shipped to Canada, 
Norway and Australia each 15 percent, and 
Colombia 14 percent. 


Table 12.—U.S. exports of bauxite 
(including bauxite concentrates), by 
countries 


(Thousand long tons) 


Destination 1965 1966 1967 
Australia 16 (1) (1) 
an ada. 85 9 2 
Franes 7 7 (X 
Indias: Lei (1) Ih ee 
Mexico 39 35 ()) 
Other countries (1) (1) (1) 
Total as reported. 147 62 2 
Dried bauxite 
equivalent..... 228 96 .... 
alue 
thousands.. 510, 736 $4,275 $218 


1 Less than 14 unit. 


Imports of bauxite have remained at 
about the same level of 11.5 million long 
tons since 1965, but imports of alumina in- 
creased from 226,500 short tons in 1965 
to 489,000 in 1966, and 952,000 in 1967. 
Of the bauxite imported, 60 percent came 
from Jamaica and 26 percent from Suri- 
nam. The Dominican Republic, Guyana, 
and Haiti accounted for most of the re- 
maining imports. Aluminum oxide imports 
came chiefly from Surinam, 42 percent; 
Australia, 32 percent; and Jamaica, 14 per- 
cent. Imports of aluminum hydroxide 
totaled 24,044 tons of which 55 percent 
came from France, 32 percent from 
Canada, 8 percent from Surinam, and 3 
percent from Austria. 

Bauxite import data do not include ship- 
ments to the Virgin Islands. 

Tariff.— The duties on crude bauxite, 
calcined bauxite, and alumina imported 
for making aluminum continued to be sus- 
pended until July 15, 1968. Duties on 


aluminum hydroxide and alumina not 
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used for aluminum production remained 
at 0.25 cent per pound. Presidential Proc- 
lamation 3822 authorizing reductions in 
tariffs in accordance with the Kennedy 
Round trade agreements was signed in De- 
cember 1967. The first stage of tariff reduc- 
tions applying to calendar year 1968 and 
becoming effective January 1, 1968, in- 
cluded crude and calcined bauxite and 
alumina. 


Table 13.—U.S. imports for consumption 
of bauxite (crude and dried) by countries ! 


(Thousand long tons and thousand dollars) 


Country 1965 1966 1967 
Dominican Republic. 775 658 824 
Guyana 87 326 380 
Haiti 330 283 318 
Jamaica. ........... 6,602 6,665 6,968 
Surinam 2, 962 3, 500 3, 069 
Trinidad and | 

Tobago 2.........- 407 68 ....... 
Other countries...... 36 39 119 

Total: 
uantity . 11,199 11,529 11,678 


1,1 1,5 , 
alue.. 142, 989 8147, 335 $151,418 


1 Official Bureau of the Census data for Jamaican, 
Haitian, and Dominican Republic bauxite have been 
converted to .dry equivalent by deducting 13.6 
percent free moisture for Jamaican, and Haitian, and 
17.7 percent for Dominican Republic. Other imports, 
which are virtually all dried, are on as-shipped basis. 

2 Bauxite imports from Trinidad and Tobago 
originated in Guyana and Surinam, bauxite is not 
produced in Trinidad and Tobago. 


Table 14.—U.S. imports for consumption 
of alumina for use in producing alum- 
inum, by countries 


(Thousand short tons and thousand dollars) 


Country 1966 1967 
Australia 19 309 
Fans eeu 14 
Guinen . ------ 66 22 
GGuvang. nikuen ennan 42 26 
Jamie -------- 86 130 
A0 EE 57 60 
Surinam 197 398 
Other countries. 8 

Total 
uantity... `. `` 48 952 
alue_____ $27,388 $50,178 


WORLD REVIEW 


World bauxite production increased 12 
percent in 1967. Of the total world ad- 
vance, Australia accounted for 86 percent 
with an individual increase of 132 percent 
and became the third largest producer in 


the free world behind Jamaica and Sun- 
nam, whose outputs increased 2 percent 
and 15 percent, respectively. Guyana's pro- 
duction increased 16 percent while that of 
Republic of Guinea remained at the 1966 
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level, which was revised downward to 
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1,583,000 tons from an estimated 3,150,000 


tons. 


Worldwide the ratio of bauxite to alumi- 


num production continued 


slightly as follows: 


to decline 


Alumina productive capacity in the free 
world was an estimated 16.21 million tons 


at yearend as follows: 


North America, including 
Jamaica and Virgin Islands. 
South America............. 


f/ AAA 


Table 15.— World production of bauxite by countries ! 


Country 


North America (dried equivalent 


Dominican Republic (shipments) 


Haiti 


France 

Greece 

Spain 
Africa: 


Guinea, Republic of 


Asia: 
China, mainland (diasporic)e 


ET, VE o ee S 


e Estimate. P Preliminary. 


(Thousand long tons) 


of crude ore): 


— w — 4e OD s... em mp em eg ep em — em ce cw e - -. = = 


Mozoambioue ` 
Rhodesia, Southern 
Sierra Leone 


t Revised. 


1963 


761 

r 378 
6,903 
1,525 


167 


2,342 
3,384 


1964 


4 
784 


r 32, 826 


NA Not available. 
1 Compiled mostly from data available May 1968. 
2 Bone dry equivalent of bauxite shipments and bauxite converted into alumina. 
3 Excludes nepheline concentrates and alunite ores. 
4 Totals are of listed figures only, no undisclosed data included. 


1965 


r 36,854 


1966 


r 38, 766 
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NORTH AMERICA 


Canada.—Pyrominerals, Ltd., began pro- 
duction of fused alumina abrasives (syn- 
thetic corundum) at its 45 million 
metallurgical and chemical plant at Point 
Edward, Nova Scotia. The material, which 
is produced from Australian and South 
American bauxite, is sold worldwide to 
secondary processors. 

Inland Chemicals awarded a construction 
contract for a 5,000-ton-per-year aluminum 
sulfate plant at Prince George, British 
Columbia, with startup scheduled for mid 
1968. 

Costa Rica.—A large low- to medium- 
grade lateritic bauxite deposit covering 250 
square kilometers was under investigation 
by Alcoa under a 25-year contract. 

Jamaica.—]amaica continued to be the 
world's largest producer of bauxite ac- 
counting for 22 percent of total produc- 
tion. About 76 percent was shipped to the 
United States. The remainder was con- 
verted to alumina which was exported to 
Canada and the U.S. 

Construction of a 950,000-ton-per-year 
alumina plant by Alumina Partners of 
Jamaica (Alpart) was about 20 percent 
complete. Alpart is a partnership of 
Anaconda Jamaica, Inc., Kaiser Jamaica 
Corp. and Reynolds Jamaica Alumina, 
Ltd. Total investment was estimated at 
$185 million. 

Kaiser Bauxite Co. dedicated its new $35 
million bauxite operation, which includes 
a loading facility at Discovery Bay to ac- 
commodate 37,500-ton ore-carrying ships 
and a 125,000-ton-capacity bauxite storage 
dome. 

An agreement between Revere Copper 
& Brass Corp., Inc., and the Government 
of Jamaica was announced under which an 
alumina plant with an ultimate annual 
capacity of 660,000 tons will be built at a 
cost of $125 million. The first stage, 220,- 
000-ton-capacity, is scheduled to be com- 
pleted by 1970. 


SOUTH AMERICA 


Brazil.—The World Bank confirmed a 
$22 million loan to help finance aluminum 
facilities in Brazil, including a 50,000-ton- 
annual-capacity alumina plant. Companhia 
Mineria de Alumino (Alcominas), a joint 
venture of Brazilian capital, Alcoa, and 
Hanna Mining Co., will obtain bauxite 
from extensive reserves in the Poços de 
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Caldas area to be mined by a subsidiary, 
Companhia Geral de Minas. 

Guyana.—The new plant of Reynolds 
Metal Co. at Everton started production of 
calcined bauxite for refractory and abrasive 
use. Rated capacity is 400 long tons per 
day. Additional mining, transportation, 
and drying facilities were installed to in- 
crease production of metallurgical grade 
bauxite to 1 million tons per year. The $50 
million, 3-year expansion program by 
Demerara Bauxite Co. Ltd. (Demba) a 
subsidiary of Alcan Aluminum, Ltd., and 
Reynold's $15 million investment program 
resulted in a record bauxite production of 
3.3 million tons. 

Surinam.—The decrease in exports of 
bauxite from 4.5 million long tons in 1966 
to 3.8 million was more than offset by an 
increase in alumina exports from 340,000 
to over 750,000 short tons. Thus, exports 
of bauxite equivalent totaled a record 5.3 
million tons. | 

Productive capacity of Surinam Alumi- 
num Co.’s (Suralco) alumina plant was 
increased to 800,000 tons per year and 
construction started on a fifth 200,000-ton- 
per-year unit. Facilities are shared with 
Billiton Co. (Dutch) which participated 
in the financing. 

Negotiations continued between a group 
of primary aluminum producers and Suri- 
nam Government officials regarding the 
development of the large bauxite deposits 
discovered at Kabalebo in Western Suri- 
nam. 

Venezuela.—Construction of an alumi- 
num sulfate plant at Moron in the state of 
Carabobo having an annual capacity of 
22,000 metric tons was announced by 
Aliada Quimica de Venezuela C.A., a sub- 
sidiary of Allied Chemical Corp. For the 
period 1964—67 Venezuela has received over 
50 percent of U.S. exports of aluminum 


sulfate, averaging about 9,000 tons per 
year. 


EUROPE 


France.—Bauxite production was main- 
tained at over 2.7 million long tons per 
year by the 12 mining operations in 
Herauit and Var despite increasing mining 
costs. Plant expansions by Péchiney, Com- 
pagnie de Produits Chimiques et Eléctro- 
metallurgiques at Gardanne and by Ugine- 
Kuhlmann Société at La Barasse increased 
alumina production capacity to an esti- 
mated 1.1 million short tons per year. 


BAUXITE 


Germany, West.—Full alumina annual 
production capacity of 700,000 tons was 
attained in 1967. Vereinigte Aluminum- 
Werke, A.G. announced plans to increase 
Capacity at its Lippewark plant at Lunen 
by 70,000 tons to 240,000 tons per year. 

Greece.—Plans were drawn by Alumi- 
num de Grece S.A. to double the capacity 
of its alumina plant at St. Nicholas to 
500,000 tons per year. This capacity will 
be equivalent to most of the estimated 1.5 
million tons of bauxite produced in 
Greece. 

Hungary.—Existing annual capacity at 


the Ajaka alumina work in western Hun- 


gary was increased from 95,000 to 130,000 
tons and plans were announced for a sec- 
ond 240,000-ton-per-year plant to be com- 
pleted in 1972 and later doubled in capac- 
ity. The plant at Almatuzito was being 
expanded from 155,000 tons to 288,000 
tons per year by 1969. 

Italy.—Societa Salento Industrie Chem- 
iche SpA announced plans for a plant to 
produce aluminum sulfate from bauxite 
mined at Montevergine, Poggiardo, and 
Palmariggi. 

Netherlands.—Zuid Chimie NV, a sub- 
sidiary of Pechiney-Saint-Gobain, began 
construction of a  20,000-ton-per-year 
aluminum sulfate plant at Sas Van Gert to 
be on stream in early 1968, with plans to 
later double capacity. 

U.S.S.R.—A pilot plant for production 
of alumina from kaolin mined near the 
town of Angra, was under construction 
at Almslyk, Uzbekistan. 

United Kingdom.—A chemical division 
was formed by the British Aluminum Co. 
Ltd. (BACO), to include BACO’s alumina 
plants at Buratisland, Fife, and Newport, 
and the aluminum sulfate plant of the 
Alumina Co. Ltd. at Widnes, among other 
Interests. 

Yugoslavia.—The capacity of the largest 
of Yugoslavia’s three alumina plants at 
Kidricero was expanded to 90,000 short 


tons per year, to be increased to 140,000: 


tons by 1971. The country’s other two alu- 
mina plants at Moste and Sibenik are 
comparatively small. 


AFRICA 


Ghana.—The bauxite operation of the 
British Aluminum Co. at Awaso was ex- 
panded by the addition of conveying, 
crushing, and screening equipment to 
handle 450 tons per hour. Of the four 
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known bauxite deposits in Ghana, only 
those at Awaso are being mined. 

Guinea.—Bauxite production, practical- 
ly all of which was conver‘ed to alumina 
by, Compagnie Internationale pour la Pro- 
duction d’Alumine (Fria) and exported, 
remained at the same level. A small quan- 
tity of hauxite was mined by Harvey Alu- 
minum, Inc., from its new operation on 
Tamara Island for shipment to St. Croix 
and production of alumina. 

Negotiations continued on the develop- 
ment of the Boké bauxite fields, which are 
located about 90 miles inland. Compagnie 
des Bauxites de Guinee was formed in 
1964 to develop these deposits. Halco 
(Mining) Inc., a subsidiary of Harvey 
Aluminum, Inc., owned 51 percent; the re- 
maining 49 percent is owned by the Gov- 
ernment of Guinea. In 1967, negotiations 
were underway for division of Halco’s 51 
percent interest as follows: Alcoa, 17.5 
percent; Alcan Aluminum Ltd., 17.5 per- 
cent; Pechiney of France, 6 percent; 
Vereinigte Alumininum-Werke of West 
Germany, 5 percent; and Montecatini 
Edison of Italy, 3 percent. Thus, Halco 
would retain 51 percent of its original 51 
percent ownership, or slightly over 26 per- 
cent of the whole. 


ASIA 


India.—The bauxite export monopoly 
of the Government-owned Minerals and 
Metals Trading Corp. (MMTC) was abol- 
ished effective February 2, 1967. Bauxite 
exporters may negotiate their own con- 
tracts, under Government-approved appli- 
cations, or continue to utilize the services 
of MMTC. 

Reserves of bauxite containing more 
than 50 percent Al;Os were reported in 
1967, in millions of metric tons by States, 
as follows: Bihar, 12.9; Gujarat, 12.7; 
Jammy and Kashmir, 13.0; Madhya 
Pradesh, 17.5; Madras, 4.0; Maharashtra, 
10.6; Mysore, 1.2; Orissa, 0.7. 

A $5.5 million loan from Canada’s con- 
tribution to the World Bank will be used 
by the Indian Aluminum Co., Ltd., to pur- 
chase Canadian equipment and services to 
be supplied by Alcan, for constructing an 
alumina plant, smelter, and allied bauxite 
facilities, near Belgaum, Mysore State. 

Indonesia.—One mine on the island of 
Bintan accounted for the total bauxite pro- 
duction of 900,000 tons containing 55 per- 
cent alumina, all of which was shipped to 
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Japan. Negotiations continued between 
Alcoa and the Indonesian Government for 
exclusive bauxite exploration rights to all 
of Indonesia except the Island of Bintan. 

Japan.—Alumina production totaled 
782,200 short tons from bauxite imported 
principally from Australia, Indonesia, and 
Malaysia. | 

Turkey.—A 200,000-ton-per-year alu- 
mina plant at Seydisehir will reportedly be 
financed by the U.S.S.R. 


OCEANIA 


Australia.—In addition to the three 
major known bauxite reserves located at 
Weipa, at Gove, and in the Darling Ranges 
containing at least 3.2 billion tons, a 50- 
to 75-million-ton reserve was developed by 
American Metal Climax, Inc. (AMAX), on 
the Mitchell Plateau in the Kimberly area 
of northwest Western Australia. Explora- 
tion work continued aimed at increasing 
reserves to 200 million tons to justify an 
alumina plant at Port Warrender. Broken 
Hill Associated Smelters, Pty. Ltd. re- 
portedly applied for thirty-five 300-acre 
claims adjacent to the area under explora- 
tion by AMAX. 

Initial geological surveys indicated a 
potential 500-million-ton bauxite reserve 
contained in a new discovery about 10 
miles north of Perth in Western Australia. 
The Darling Range deposits, which are 
being mined by Alcoa of Australia Pty., 
Ltd., at the expanded rate of 29,000 tons 
per week, are located about 28 miles north- 
east of Perth. 

Bauxite production from the Weipa 
field, located on the west coast of Cape 
York peninsula in Queensland, was in- 
creased to a rate of 2.5 million tons per 
year by Commonwealth Aluminum Corp., 
Pty., Ltd., a wholly owned subsidiary of 
Comalco Industries Pty., Ltd. Comalco is 


WORLD 


A review of world bauxite reserves based 
on information available through 1965, was 
compiled by Sam H. Patterson of the U.S. 
Geological Survey and published in 1967 
as Geological Survey Bulletin 1228, titled, 
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equally owned by Conzinc Riotinto of 
Australia, Ltd., and Kaiser Aluminum & 
Chemical Corp. The town of Weipa, con- 
structed and designed specifically for the 
development of the bauxite deposits, was 
officially opened in June. 

Bauxite production by Nabalco Pty., 
Ltd., from the Gove deposits located near 
the northeast tip of the Northern Territory 
is scheduled to begin in 1970 at a rate of 
1 million tons per year. Nabalco, which is 
equally owned by Swiss Aluminum Ltd., 
and Australian Capital, tentatively chose 
a site for a 500,000-ton-per-year alumina 
plant and port facilities at Dundas Point 
on the entrance to Melville Bay. 

Two-thirds of the bauxite mined in 
Australia is converted to alumina in Aus- 
tralia by three companies. Alumina pro- 
ductive capacity at yearend was 1,053,000 
long tons, including the 50,000-ton-capacity 
of the oldest plant at Bell Bay on the 
North Coast of Tasmania operated by 
Comalco Aluminum Ltd. Announced ex- 
pansion plans will bring the country's 
alumina capacity to 2,060,000 tons by 1971. 

The Gladstone plant of Queensland 
Alumina Ltd., came on stream in March, 
processing bauxite from the Weipa field to 
produce alumina at a rated annual capac- 
ity of 600,000 long tons. Queensland Alu- 
mina Ltd., owned 52 percent by Kaiser 
Aluminum & Chemical Corp., 20 percent 
by Compaigne Pechiney, and 8 percent by 
Conzinc Riotinto of Australia, Ltd., an- 
nounced plans to expand annual capacity 
to 900,000 tons. 

The Kwinana plant processing bauxite 
from the Darling Range and operated by 
Western Aluminum Pty., Ltd., a wholly 
owned subsidiary of Alcoa of Australia 
Pty., Ltd., increased annual capacity to 
410,000 metric tons per year and an- 
nounced a further expansion to 620,000 
tons to be completed in 1968. 


RESERVES 


“Bauxite Reserves and Potential Alumi- 
num Resources of the World." Table 17, 
taken from this publication, contains 
bauxite reserves and other potential 
sources of aluinina by countries. 
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Table 17.—Estimated total reserves and potential resources of bauxite, 1965 


(Million tons)! 
(L, large; S, small; VS, very small) 


Reserves 2 Potential 
resources 
North America: 
United States: 
. ³ð³¹.AA eee mro Bee le 44 65 
Southeastern States. ee eee eee 1 25 
Oregon and Washington 85 
dubi ooi a a TT OADE 125 
Total (rounded) i-o du morc ] ⅛ y ee es 45 300 
Central America: 
%00%00%%0%ĩÜ˙Üĩ1 q ee oe G ee ee et eet, TS 150 
Honduras and El Salvador ee eee ee eee eee eee eee ee 10 
PT IN ee ↄꝑ ß. a Re E ` tt 25 
Total ende,. ð 200 
Caribbean Islands: 
Dominican Republic and Haiti „„ 85 40 
eee ße. , EEN 600 400 
Total teh ðͤ⁰ 690 450 
South America: = 
F Eege ³]⁰ꝛ’ ge, EE S(?) 
Braüedox oto ⁵ m m EE 40 200 
British C ⁰ð¹5. x m m y ⁊ðꝝ y a etd hrs inercia any 80 250 
French Guiana „„ 70 100 
SUTIN. uu L .wkwßkꝙyꝙvd EE 200 350 
%%% T ee ee ee bee ee ee M i 88 103 
Pore... a a aaa aae 390 1,000 
Europe: 
Austriasse aaa OD ²ð] x y 5 y eT ee es Mee eS acie 
LR ut EE 70 190 
LEE 84 100 
MUNG EE ME Ld 150 (L) 
JJ]]//!k˖õ;Üvß⁵ ⁰mk a a a AS 24 S 
Northern Ilreland...... ui A een ee eee „„ 3 
Ol EE ᷣ ͥͤy EE S(?) 
f ae i e ta cal eh ah 8 20: dieters 
SDS EE EEN J 
U.S. S. R. (including Soviet Asia 3 800 (2) 
h ð³ðÄͤͥů ⁵ð—ͤſ Er ⁵¾ x ĩ 200 100 
e,, ß . wee ER E 850 400 
Africa: ! cna P s 
ST EE ddßddũ d ] S(?) SCH) 
Cameroon eebe eebe ee ee 1,500 
(Susa eoo tbi rr EE 30 
Congo opel Vd 8 100 
loto d .. y y ei le 290 110 
ee e . ee e PARTIR enh mee 1,200 2,400 
Malagasy Reo EE 120 
S NM nn Ae es CR APP SPEM gO ial NCO A EUN 8 550 
ER TEEN Ge sete 
Nyasaland (Malawi) ee ee 60 SQ) 
Portuguese Guinea e emu eomm -.[.-.... 10 
Southern sds ð y y --..-..-. 2 
geirrt o0-ò]ö dkß . ee Oe 30 MO) 
Ka EE ER EENEG SQ) 
Doeh ³o¾ . 1,580 4,800 
Asia: = 
China (mainland uc. Ul. uU Ul lucu u AA th taie i. 150 1,000 
India. aac ee a ss sa y ð vy eS iT airs 64 19 
KE 0a 1 EE EREECHEN 20 10+ 
FAT s Bo es re dd EE EEN S 
Malaysia: 
Peninsular Malaveig +e 10 40 
S8 T.T el S Sua ee a LE Az ee it 5 S 
North Viet Ns... ]¾ adu QE E Vo ee 
F Sat ere es ð dd ee yd ß ³ kaa cleaned 15 
NEE 28 
ee Ee 80 100 
Total (rounded). ñ ꝛ˙²˙ꝛwww-.. miu d uma asss 280 1, 400 
Oceania: 
f ˙w rer 2, 000 1, 000 
FI ³oÜ¹—¹ii ðKſ ⁰ͥ⁰ꝗyd ⁰yd ⁰yts y uj eid 1 
Cn ²] . wàqꝓ . dßſſſ ⁰ ee owe ie y a 20 
F ð”V / ͥ ͥ⁰ . ͥ⁰ k yd rt eR pe a E 5 40 
Fa ³ðA0AA ⅛ é ĩ mnc LAE 2, 000 1,050 
Total for world (rounded). „ 5,800 9,600 


1 Most figures are in metric or long tons, dry basis; however, many estimates used in compilation failed to 


desi 


ate type of tons used and whether tonnages had been converted to dry basis. 


2 Chiefly measured and indicated reserves that in some degree have been inventoried in terms of commercial 
wed WE and could be used under economic and technological conditions existing in 1965, but inferred bauxite 


is inc 


uded for some large deposits, such as those in Australia not fully explored. 


3 Estimate roban includes much low-grade bauxite that would be classed as potential resources in other 


countries, and possibly aluminous rocks other than bauxite. 
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TECHNOLOGY 


Bauxite will continue to be the source of 
alumina so long as it is available at cur- 
rent prices relative to the cost of other 
aluminous raw materials. Looking ahead 
to depletion of high-grade bauxite reserves 
or curtailment of imports, industry and 
government continued cost studies and 
research on producing alumina from lower 
grade sources. Information on the nature 
and occurrence of these potential sources 
in the United States and its possessions 
was published. Over 600 billion tons of 
ferruginous bauxite, bauxitic clay, kaolin 
and other types of clay, anorthosite, the 
kyanite group of minerals, laterites, and 
shales averaging 27 to 42 percent AlzOs 
were documented. 

Interest continued in the occurrence of 
dawsonite (NaAl(OH)2Cos) in oil shales 
of the Green River Formation in the Pice- 
ance Creek Basin of northwestern Colo- 
rado.* This interest was based on the alu- 
mina and soda content of dawsonite and 
soda content of nahcolite (NaHCOs) 
which is also present. The dawsonite is dis- 
seminated sparsely in the shale. A maxi- 
mum concentration of 25 percent dawson- 
ite was estimated in a 700-foot interval at 
a depth of 1,800 to 2,500 feet. Dawsonite 
contains 36 percent Al;Os. Thus, a zone 
with 25 percent dawsonite would contain 
9 percent AlsOs compared with the average 
AlzOs content of the earths crust of about 
15 percent. 

In order to present a reference point for 
cost estimates for nonbauxite alumina 
processes a report evaluating the Bayer 
process for treating Jamaican bauxite was 
published. The operating cost of a 1,000- 
ton-per-day alumina plant was estimated 
to be $47.96 per ton of product. 

A comparison of the Bayer process with 
an acid process whereby alumina was re- 
covered from aluminum sulfate crystals 
was reported.’ 

Reports dealing with the recovery of 
alumina from  ferruginous bauxites of 
Hawaii, Arkansas, and the Pacific North- 
west were published.’ A caustic, lime re- 
duction-sintering followed by water extrac- 
tion of alumina and magnetic separation 
resulted in alumina recoveries of 74 to 95 
percent from the Hawaiian and Arkansas 
bauxites and a magnetic product contain- 
ing 72 to 86 percent iron. The Pederson 
process, developed in Norway, was applied 


3 Bureau of Mines. Potential 


to the Northwest bauxites and expanded 
to include a treatment for removing silica 
from the leach liquor. In this process, 
high-iron bauxites are smelted in an 
electric arc furnace with lime and coke to 
produce a calcium aluminate slag from 
which the aluminate can be leached with 
a sodium carbonate solution. Byproduct 
iron recovery averaged over 90 percent but 
contained about 1 percent phosphorous 
and would require additional refining. The 
technical feasibility of treating the vast 
reserves of Pacific Northwest ferruginous 
bauxites was shown, but successful exploi- 
tation will depend on larger scale tests and 
favorable cost studies. 

Continuing the search for economic non- 
bauxite sources of alumina, an evaluation 
of a lime-soda sinter process for produc- 
ing alumina from clay was published.“ The 
estimated operating costs per ton of alu- 
mina, including straight line depreciation 
over 20 years but with no provision for 
profit, ranged from $72 to $80, assuming a 
delivered cost for clay and limestone of $1 
to $2 per ton. 

Vast deposits of anorthosite, an igneous 
rock having a sodium calcium aluminum 
silicate composition and containing an 
average of 27 percent Alz Os are known to 
occur in New York, Wyoming, California, 
Idaho, Montana, Oklahoma, Minnesota, 
and Pennsylvania. The results of studies to 
extract alumina from samples representing 
this large alumina resource were re- 


Sources of 
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4Smith, John Ward, and Charles Milton. 
Dawsonite in the Green River Formation of 
Colorado. Econ. Geol., v. 61, No. 6, 1966, pp. 
1029-1042. 
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tion of a Lime-Soda Sinter Process. BuMines 
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leased.“ Nearly complete extraction of the 
alumina was obtained by leaching melted 
and quenched anorthosite (ground to 
minus 65 mesh) for 15 to 20 minutes at 
the boiling point with 16 percent sulfuric 
acid. Greater than 90 percent alumina ex- 
tractions were also obtained from dry- 
mixed minus 200-mesh anorthosite sinter 
mixes that were briquetted at 15,000 
pounds per square inch, fired between 
1,200° and 1,320° C for 20 to 60 minutes, 
and leached with a 1.5-normal sodium 
hydroxide solution. 

Studies were also conducted to recover 
alumina from waste products such as coal- 
associated draw-slate, a nuisance prod- 
uct, and mineral waste solutions. Pre- 
liminary studies conducted by the Bureau 
of Mines indicated that more than 2,000 
tons of alumina were being discarded each 
day in waste solutions from domestic cop- 
per leaching plants and that it might be 
recovered for a cost of $51 to $58 per ton. 

Long fine “whiskers” of aluminum sili- 
cate were produced by a patented process 
developed by Bureau of Mines reseachers.!! 
As reinforcing fibers in a matrix of plastic 
or metal, they provide structural strength 
for components of aircraft, rocket, and 
space vehicles. 
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An industrial alumina ceramic, harder 
than tungsten carbide and equal to plati- 
num in inertness, was developed. The de- 
sirable properties of this material, almost 
pure sapphire (99.98 percent AleOs) and 
containing no glass, are attributable to 
controlled microstructure and crystal size— 
3 microns. Tungsten carbide and platinum 
are in relatively short supply; however, the 
new ceramic can compete with tungsten 
carbide in such applications as metal mach- 
ining bits, bearings, and extrusion dies and 
with platinum as a linear in wet chemistry 
crucibles.!? 


9 Ampian, Sarkis G.  Lime-Soda Sinter 
Process, Correlation of Reaction Products 
With Extractability of Alumina From Anor- 
thosite. BuMines Rept. of Inv. 6933, 1967, 


44 pp. 

Leitch, H., H. G. Iverson, and J. B. Clem- 
mer. Extraction of Alumina by Leaching 
Melted and Quenched Anorthosite in Sulfuric 
Acid. BuMines Rept. of Inv. 6744, 1966, 32 pp. 

10 Shafer, H. E., Jr., and J. A. Solomon. 
The Effect of Selected Caleining Tempera- 
tures on Alumina Extracting From  Coal-As- 
sociated Draw-Slate. Trans. Min. Eng., v. 238, 
No. 1, March 1967, p. 101-103. 

11 Johnson, Robert C., and Wilbur H. War- 
rick (assigned to the United States of Amer- 
ica as represented by the Secretary of the 
Interior). Synthesis of Aluminum Silicate 
Whiskers. U.S. Pat 3,321,271, May 23, 

12 Steel. Course Alumina Ceramic Tough, 
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Beryllium 


By Donald E. Eilertsen ' 


World production and U.S. imports and 
consumption of beryl increased in 1967. 
Beryl from India was processed to beryl- 
lium metal on barter stockpile contracts. 
Domestic beryl output continued to be 
negligible, but the stage was set to use 
Utah bertrandite ore in competition with 
imported beryl. New, extensive uses for 
beryllium in C-5 aircraft brakes and in 
missiles developed. 

Legislation and Government Programs. 
—Government inventories of beryllium 


materials were increased by 3,050 tons of 
beryl and 49 tons of beryllium metal in 
1967 as a result of the barter agreement 
that was negotiated with India in 1963. 
Through the agreement, India receives 
surplus agricultural commodities in ex- 
change for beryl. The Beryllium Corp. and 
The Brush Beryllium Co. had contracts to 
process the mineral into a total of 75 tons 
of beryllium billet. 


1 Commodity specialist, Division of Mineral 


Studies. 


Table 1.—Salient beryl statistics 


1968 1964 1965 1966 1967 


United States: Beryl, approximately 11 percent BeO unless 


otherwise stated: 
Domestic beryl shipped from mines short tons 1 W W W W 
ã ³·0AW a Mane ee els do 6,248 5,425 7,791 2,147 9,511 
RTE e EE do 7,984 4,485 5,845 6,026 7,087 
Price, approximate, per unit BeO imported, cobbed ber yl 
at port of exportation___.______._________. 2 ee $24 $23 $24 $25 $30 
World: Production short tons.. 7,299 4,943 5,587 $3,578 6,950 


W Withheld to avoid disclosing individual company confidential data. 


Table 2.—Government yearend stocks of beryllium materials 


(Short tons) 
Supple- Commodity 
Item National mental Credit All 
stockpile stockpile Corporation Stocks 
Beryl (11 percent BeO): 
Oed. bebe cele he 18 , 582 1,688 Sage 15,215 
KL WEE 8,202 4,827 13,019 16,048 
TOA) ojos ß 21,784 6,510 13,019 81,263 
Beryllium-copper master alloy: 
Obieetive n 3 — Bene. Geh 4,750 
Le TT MEMINI" (2) (2) eek (2) 
TOt@ls< 62.252. ³² 1A ³ ³ we scd co eee as 1,075 6,812 8 7,887 
Beryllium metal: 
Oi 8 SE 150 TUER 150 
J%)%77öÄ[Üẽd mex 8 Ge 87 15 52 
CJ he ee ee ee MEM 187 15 202 
On order... e umet a e ce au fa ARESA 25 25 


1 Reserved for converting to beryllium. 
2 No excess shown in this commodity due to a deficit in copper. 


Source: Office of Emergency Planning. Supplemental Stockpile Report to the Congress. OEP-4, July- 


December 1967. 
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DOMESTIC PRODUCTION 


Hand-sorted beryl was produced in 
South Dakota and Colorado. Company 
data are confidential but reportedly the 
total output was small. 

The Beryllium Corp. of Reading and 
Hazleton, Pa., and The Brush Beryllium 
Co. of Elmore, Ohio, processed hand- 
sorted beryl into beryllium metal, alloys, 
and compounds. Outputs were principally 
beryllium and beryllium-copper master al- 
loy. The Brush Beryllium Co. announced 
plans to commercially mine and process 
Utah bertrandite. A plant is to be erected 
between Delta and Lynndyl, Utah, to 
process bertrandite mined in the Topaz- 
Spor Mountain area, about 40 miles away. 
The facilities will cost $8 to $10 million 
and begin operations in 1969. The com- 


pany received a $6.5 million contract from 
the Government for beryllium C-—5 air- 
craft brakes for delivery during 1968-70. 
Negotiations underway for producing 
Poseidon missile parts led to a $13 million 
contract for deliveries in 1968 and 1969. 

Beryllium Metals & Chemicals Corp., 
Bessemer City, N. C., a subsidiary of 
Lithium Corporation of America, Inc., 
continued to produce and fabricate electro- 
refined beryllium. 

The Anaconda Company continued its 
studies on utilizing Utah bertrandite ore, 
and General Astrometals Corp., Yonkers, 
N. Y., a subsidiary of The Anaconda 
Company, continued to produce beryllium 
shapes from various types of beryllium. 


CONSUMPTION AND USES 


The berylium and ceramic industries 
consumed 7,087 short tons of hand-sorted 
beryl of which The Beryllium Corp. and 
The Brush Beryllium Co. were by far the 
largest consumers. Cobbed beryl was used 
by Beryl Ores Co., Arvada, Colo., to pro- 
duce specialized beryl materials for the 
ceramic and other industries. Lapp Insula- 
tor Co., LeRoy, N. Y., used ground beryl 
in making high voltage electrical porcelain. 
Cobbed beryl as a minor constituent in 
special ceramic compositions was used 
principally for spark plugs by The Ceramic 
Division, Champion Spark Plug Co., 
Detroit, Mich. 

Aerospace designers and developers con- 
tinued to be attracted to beryllium’s low 
density, high modulus of elasticity, unique 
stiffness to weight ratio, high heat capacity, 
and unusual nuclear properties. The use 
of beryllium in structural components, 


aircraft brakes and rudders, jet engine 
parts, and rocket fuel additives continued 
to be in various stages of development or 
evaluation. Interest greatly increased for 
using beryllium in missile parts. The metal 
had well-established uses in inertial 
guidance systems, but only sporadic use in 
special applications for nuclear reactors. 
Beryllium-copper alloys had thousands 
of uses in business machines, computers, 
electronic devices, household appliances, 
automobiles, aircraft, boats, and spacecraft. 
New uses ranged from ball point pens to 
space vehicle antennas, and included uses 
in hydrophones, hot cutters for removing 
automobile windshield sealant, and dia- 
mond-powder-impregnated wire for saws. 
Beryllium additives were used to control 
the magnesium content of magnesium- 
aluminum alloys, and beryllium oxide con- 
tinued to attract applications in electronics. 


STOCKS 


Consumers stocks of beryl at yearend 
totaled 8,177 tons. Dealers stocks of 


beryl were unknown. 


PRICES AND SPECIFICATIONS 


Prices of domestic and imported beryl 
were generally negotiated between a buyer 
and seller and not quoted in the trade 
press. The average value of imported beryl 
at foreign ports was $333 per short ton. 

The quoted price of beryllium metal, 97- 


percent pure, beads, f.o.b. Reading, Pa., 
and Cleveland, Ohio, was $62 per pound 
in 1,000- to 2,000-pound quantities. A 
blend of beryllium powder, 200-grade, was 
quoted at $54 per pound in quantities of 
20,000 pounds. Vacuum-cast beryllium 
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ingot was quoted at $67 to $71 per pound. 
The quoted price of beryllium-copper 
master alloy, f.o.b. Reading, Pa., Detroit, 
Mich., and Elmore, Ohio, was $46 per 
pound of contained beryllium plus 55 
cents per pound of contained copper until 
May 2, and afterward at the price of cop- 
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per on the date of shipment. Beryllium- 
copper (No. 172) strip, rod, bar, and wire 
was quoted at $2.37 per pound through 
May 2, and afterward at $2.41 per pound. 
Beryllium-aluminum was quoted at $60 per 
pound of contained beryllium with alumi- 
num paid for at the market price.“ 


FOREIGN TRADE 


Exports of various forms of beryllium 
and beryllium-base alloy powder were al- 
most 25 percent larger in 1967 than in 
1966, mostly due to greatly increased ex- 
ports to Canada and West Germany. 

Imports for consumption of beryl in- 
creased more than fourfold in 1967 com- 
pared to 1966 with the imports from India 
and Italy the largest ever reported from 
these countries. The beryl from India was 


obtained under the barter program for 
conversion to beryllium metal. The beryl 
from Italy was probably the remainder 
from former beryllium metal operations. 

Imports of beryllium metal from France 
have increased annually since this report- 
ing began in 1963. 


2 American Metal Market. V. 74, No. 1-249, 


January-December 1967. 


Table 3.—U.S. exports of beryllium alloys, wrought or unwrought, and waste and scrap ! 


Country 


Congo (Kinshasaa))))))))))y))y)h)yh 1 
Denmark... ---------------------------------- 


ENEE wet ee ees 


MexI606 EE 
Netherlands. 
] ⁰˙ſſſͤ ⁰ĩ˙ ee ee es us eg a 
Fill vd 
Switzerland___ . te ee eS SEE 
United Kingdom. ...............................- 
Venn ³ð ĩð LA LE 


Total- 4 nnn... eh oe ere e 


1966 1967 
Value Value 
Pounds (thousands) Pounds (thousands) 
— iit 5 (2) 
— er 1 (2) 
7 $3 Set Stee 
8,152 20 23,029 397 
82 2 ae NS 
1 1 NES er 
9.038 464 1,326 33 
10,459 141 24,538 107 
HM e 939 8 
986 2 SRM E 
8 1 55 4 
. 228 6,856 | 181 
2,220 2 2,222 2 
4 1 25 4 
11,619 10 ics MSS 
8 1 MEM OD 
1 (2) 10 3 
17, 727 206 17, 516 96 
nam THÉ 95 (2) 
61,254 1,083 76,117 580 


1 Consisting of beryllium lumps, single crystals, and powder; beryllium-base alloy powder; and beryllium 


rods, sheets, and wire. 
2 Less than 1⁄4 unit. 
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Table 4.—U.S. imports for consumption of beryl, by customs district and countries 


(Short tons) 


Customs district and country 1966 1967 
Philadelphia district: 

Argenis ee eet aeri Apt sia es S 218 313 
Australa d oL yl a ]ðé df aS u Sal cay te A eran Set S at ames MEE 15 414 
Le WEEN 877 1,173 
ü ³ĩðVßſͤõ ³ m MMA¶. ſyſ y 8 22 um 
Burundi and Rwanda____________________----_--------_----_---------- sec 100 

)))öõõõ·ĩʃb.iꝛAU ¼—᷑T—᷑T—᷑T—᷑—᷑—— M EE 17 MEUM 
CöĩÄͤÜréõ ³5ÜW‚A—w . 8 . 1,500 
pii ERA ͥ WWA. ⁰Ayaa 8 re 1.316 
// lets a o ³ð dd ⁰⁰⁰⁰:wn EEN EM 33 
Malagasy Republie EE 10 12 
Mozambique )yüõͤĩ 8 62 141 
F!öͤĩÜ «²˙ ss. s y x ep aves LIE 11 15 
Rhodesia, Southern 72 47 
South Africa, Republic oꝶſꝶꝶ eee 67 197 
Upandi eo uu m y EE 101 235 
Western Africa, EE 17 T 

Total Philadelphia eer eer Se S S S S s s cue O S S s d Zyy73y ews mus 1,489 5,496 

New York City district: 

SE TEE 27 parce 
EE ee EE LL Mc Uf: T 53 
Burundi and Roanda -.--------------2--2-2---2222-2-2222-22a aaan 88 44 
Mozambique. o economie sau km 8 8 m 
South Africa, Republic of. 7 aes 
EZ li. orte a %˙»—ði⅛ii;?⁰ ⁰«ꝗ*ꝙʒ⁵i mm E LL Abe eG, ei 28 ae 

Total New okt ð 158 97 


Baltimore district: 


üü cii A yt See RS ele LIS onto 8 500 3,907 
Norway EE x A E 
Total EENEG 500 3,917 
EI Paso district: ml! 8 TE 
Grand total... ſßſß0ßßꝗÿ0bͤ̈ĩdd LE SLE Lt LU 2 2 „147 9,511 
Value boi r ee eerie $581 $3,167 
Table 5.—U.S. imports of beryllium products in 1967, by countries 
Beryllium, unwrought, Wrought Beryllium oxide Other beryllium 
waste and scrap beryllium or carbonate compounds 
Country 
Value Value Value Value 
Pounds (thousands) Pounds (thousands) Pounds (thousands) Pounds (thousands) 
France 12,099 3646 349 $13 as de 66 (1) 
Japan A zx 6 1 90 $2 m ze 
United Kingdom. 5,373 4 Ge SE Be Go SS ER 
Total ` 17,472 650 355 14 90 2 66 (1) 


! Less than 14 unit. 


WORLD REVIEW 


India.—During fiscal year 1966 (April 
1965-March 1966), 3,177 feet of explora- 
tion and development drilling was done 
at Nawagaon in the Dungarpur district, 
Rajasthan, and at Doddakadanur in the 
Hassan district, Mysore. The drilling re- 
vealed beryl at depths of over 200 feet. 

Surface geological studies in 1965 con- 
firmed the existence of beryl-bearing peg- 
matites in the mica belts of the Monghyr 


district in Bihar, the Sirohi district in 
Rajasthan, the Raigarh and Balaghat 
districts in Madhya Pradesh, the Mahasu 
and Kinnaur districts in Himachal 
Pradesh, and the Kolar, Mysore, Mandya, 
and Shimoga districts in Mysore. Beryl is 
considered to be a strategic mineral and 
publication of statistical data are controlled 
by the Department of Atomic Energy. 
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Table 6.—World production of beryl, by countries 1 


(Short tons) 
Country 1963 1964 1965 1966 1967 

Ar ELI ee lee Su r 416 r 208 r 248 r 276 NA 
Ae; 8 128 125 44 64 NA 
11! ege 2,170 1,566 1,227 778 NA 
Congo (Kinshasa )) PAPIER 235 136 21 NA NA 
II hx SHEN ad oue 1,500 600 5,400 
Malagasy Republic- ---------------------------- 458 234 22 13 NA 
Mozambique. -_._......-- 2. eee 613 451 202 88 NA 
EE u u cc unpas oz Suen ĩ 8 2 20 44 15 e 40 
Rhodesia, Southern 249 182 2101 e 80 NA 
Rwanda EE 8 282 328 r 756 147 120 
South Africa, Republic of 425 151 58 20 e 90 
South-West Afen... 61 57 24 NA 
Bt TT TEE a . E 419 434 212 273 NA 
USS EE 1,100 1,100 1,100 1,200 1,300 

United States (mine shipments): 
Cobbed beryl________ 1 W W W W 
Other lower grade beryllium ore 750 . zx ODE MEM 
World total lll. r 7,299 r 4,943 r 5,587 r 8,578 6,950 


r Revised. NA Not available. 
fidential data. 

! Compiled mostly from data available April 1968. 

? Exports. 

3 U.S. imports. 


e Estimate. 


W Withheld to avoid disclosing individual company con- 


4 Totals are of listed figures only; no undisclosed data included. 


Japan.—The Japan Society for Newer 
Metals estimated the country's beryl con- 
sumption for fiscal year 1964 (April 1964- 
March 1965) at 441 short tons and for 
fiscal year 1965 at 551 tons. Output of 
beryllium-copper master alloy in fiscal year 
1964 was 164 tons. Beryllium-copper 
products for communication equipment 


during fiscal year 1964 totaled 65 tons; 
including wire and bars, 4.4 tons each; 
strip, 38.6 tons; sheet, 16.5 tons; and 
other, 1.1 tons. In fiscal year 1965 the 
total was 58.4 tons distributed as follows: 
wire and bars, 5.5 tons each; strip, 35.3 
tons; sheet, 9.9 tons; and other, 2.2 tons.“ 


TECHNOLOGY 


A report on the powder metallurgy of 
beryllium described the techniques of mak- 
ing powders; the compaction of powders 
by die pressing, isopressing, slip casting, 
vibration, and explosives; the sintering of 
powders by conventional and pressureless 
procedures; and the consolidation of 
powders by vacuum hot pressing, hot 
isostatic pressing, forging, extrusion, and 
plasma spraying. The mechancial prop- 
erties of various beryllium metals and their 
applications were also discussed.* 

Special procedures to make beryllium 
wire were being developed. Cost reductions 
have already been achieved, and further 
cuts are anticipated if large demand 
develops. Procedures for producing beryl- 
lium wires down to as little as 0.002-inch 
in diameter were described.“ 

The fabrication of Beryllium-Lockalloy, 
which is 62 percent beryllium and 38 per- 


cent aluminum, was described. Some of 
the alloy’s physical properties were com- 
pared with those of aluminum, magnesium, 
beryllium, and alloys of magnesium-alumi- 
num and titanium-aluminum-vanadium. 
The alloy can be formed, machined, and 
joined by conventional methods, and satel- 
lite structures is one of its potential uses.“ 


3 Bureau of Mines. Mineral Trade Notes. V. 


64, No. 3, March 1967, p. 4. 

4 Porembka, S. W., H. D. Hanes, and P. J. 
Gripshover. Powder Metallurgy of Beryllium. 
Battelle Memorial Institute, Defense Metals In- 
formation Center, DMIC Rept. 239, Oct. 15, 
1967, 23 pp. 

5 Pinto, Norman P., and John P. Denny. 
Berylium Wire: A New Engineering Material. 
Metal Progress, v. 91, No. 6, June 1967, pp. 
107-118. 

6 Van Hamersveld, John A., Thomas S. 
Svendsen, and Walter C. Hayes. Making Satel- 
lite Structures From Beryllium-Lockalloy. Metal 
Progress, v. 91, No. 2, February 1967, pp. 91- 
95. 
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Bismuth 


By Donald E. Moulds’ 


The bismuth industry entered 1967 on 
the crest of an unprecedented demand for 
metal which necessitated producer alloca- 
tion to consumers in order to equitably dis- 
tribute available supply. During the year 
supply was affected by a labor stoppage at 
the two major producing refineries. A con- 
tinuing strong European demand also af- 
fected world trade and resulted in an 18- 
percent decrease in domestic metal imports. 
Compensating factors in the market—de- 
clining requirements, especially industrial 
chemicals, and initiation of government 
sales—resulted in a reasonably balanced 
supply and demand during the year and 
the merchant premium price on small lots 
trended downward to approach the pro- 
ducers’ quotation of $4 per pound by the 
end of the year. 


The 1968 outlook depends to a large 
degree on a strike settlement at the Omaha 
refinery of American Smelting and Refining 
Company and resumption of bismuth pro- 
duction from foreign and domestic source 
materials and, also, at the western mines 
and smelters which produce the domestic 
bismuth resource. Requirements are 
clouded by the change in catalyst use and 
the ability of the pharmaceutical and cos- 
metic consumers to compensate for the in- 
dicated narrowing catalyst application. 


Availability of government stocks for 


domestic consumption provides a supply 
reservoir and a price ceiling for the domes- 
tic industry. Sustained domestic and for- 
eign production in 1968 could, however, 
develop a price weakness late in the year. 


Legislation and Government Programs. 
—The General Services Administration on 
November 30, offered for sale approx- 
imately 1.2 million pounds of bismuth on 
an off-the-shelf basis as authorized under 
Public Law 90-153. The bismuth, for 
domestic consumption only, up to a maxi- 
mum of 300,000 pounds for the period 
through March 21, 1968, and 150,000 
pounds for each 3-month period thereafter, 
was priced at $4 per pound f.o.b. destina- 
tion within the United States excluding 
Alaska, in 1-ton lots. Sales during the 
period December 6 to 31, 1967, totaled 
64,500 pounds, none of which was shipped 
in 1967. 

In 1967 the stockpile objective was re- 
vised from 3.6 million pounds downward 
to 2.4 million pounds. The Government 
inventory remained unchanged at approx- 
imately 3.8 million pounds and the surplus 
inventory at 1.4 million pounds, of which 
the Atomic Energy Commission has prior 
authorized withdrawal rights to 0.2 million 
pounds. 


1Commodity specialist, Division of Mineral 


Studies. 


Table 1.—Salient bismuth statistics 


(Pounds) 
1963 1964 1965 1966 1967 

United States: 

Consumption 2,175,038 2,160,100 2,981,678 3,199,321 2,518,652 

( T AAA eee 36,035 ,299 341 , 868 ,98 , 684 

Imports, general.....................- 1,123,466 1,238,252 1,378,147 1,681,472 1,379,729 

Price: New York, average ton lots $2.25 2.30 $3.43 $4.00 $4.00 

Stocks Dec. 31: Consumer and dealer 428,100 656,900 506,300 651,800 659,600 
World: Production 5,566,311 6,350,020 6,707,088 6,660,154 6,931,294 


1 Includes bismuth, bismuth alloys, and waste and scrap. 
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DOMESTIC PRODUCTION 


Production from primary material in 
1967 declined almost 17 percent and ship- 
ments again slightly exceeded production 
thus continuing the downward trend in 
production and stocks since 1965. Refining 
of primary bismuth was centered in two 
domestic companies with only one other 
company producing bismuth, mostly from 
scrap; thus domestic production cannot be 
published separately. The strike closure of 
the American Smelting and Refining Com- 
pany refinery at Omaha, Neb., on July 1 
and of base-metal mines and smelters after 
July 15 significantly reduced the output 


from domestic and foreign materials. The 
other primary producer, United States 
Smelting, Refining and Mining Co., con- 
tinued operations at its East Chicago, Ind., 
plant throughout the year with production 
at the same level as the preceding year 
although supply of domestic feed materials 
was affected and secondary material was 
processed. Recovery of bismuth from scrap 
at the Franklin Park, Ill, plant of United 
Refining & Smelting Co. declined from the 
peak reached in 1966, the first full year of 
operation at the new plant. 


CONSUMPTION AND USES 


The decline in bismuth consumption, 
indicated by preliminary reportings during 
the year, was more drastically revealed in 
final reports, especially for companies 
reporting only on an annual basis. The 
final total of 2.5 million pounds represents 
a decrease of 21 percent in relation to the 
record use in 1966. While a decline was 
posted for all three industrial areas— 
fusible alloys, other alloys, and pharma- 
ceuticals—the most drastic change occurred 
in pharmaceuticals. This category, com- 
posed of various medical, industrial, and 
cosmetic compounds, had a tremendous 
growth from 757,000 pounds in 1964 to 1.7 
million pounds in 1966. '1 he major growth 
component was in catalysts for manufac- 
turing acrylonitrile fiber. The sharp de- 
cline in catalyst demand in 1967 was due 
in part to completion of stocking for ex- 
panding capacity and low catalyst replace- 
ment needs, and in part to development 
and commercial availability of a less ex- 
pensive uranium catalyst. The other use 
elements in the pharmaceutical category— 
medicines and  cosmetics—increased in 
1967, especially cosmetics. The pearlescent 
quality imparted by bismuth to lipstick 
and body powders is currently in fashion 
and this use now ranks second to medicine. 
The future requirements for the pharma- 
ceutical category are presently unclear and 
will depend on the replacement volume for 
spent catalysts and the degree of switch to 
the uranium catalyst at presently operating 
plants. Medicines have indicated a steady 
growth rate and while cosmetics is a grow- 
ing area, it is subject to the vaganes of 


fashion. 


Fusible alloys declined in response to the 
general decline in industrial activity, es- 
pecially construction, in relation to 1966. 
The total used in relation to prior years 
and a widening application of low-melting 
point alloys in fire protection, electrical 
switching, thermoelectric cooling, industrial 
jigs, and many other nondissipative in- 
dustrial applications, indicates a continuing 
growth potential. 

Other alloys, essentially all of which (93 
percent) are used as metallurgical addi- 
tives in aluminum, malleable iron, and 
special steels, was well below recent years. 
The decreased industrial requirements for 
malleable iron were reflected especially in 
the automobile engine area during the 
second half of 1967. Tellurium also re- 
placed bismuth in some of the malleable 
iron produced. lhe current price of bis- 
muth was the leading factor in working 
with a bismuth-tellurium alloying combi- 
nation in spite of the working advantage of 
bismuth alone. 


Table 2.—Bismuth metal consumed in 
the United States, by uses 


(Pounds) 
Use 1966 1967 
Fusible alloys !. 1. 913,395 826,528 
Other allo ys 546, 637 456,246 
Pharmaceuticals 22:2 1,719,029 1,211,663 
Experimental uses 9, 9,433 
Other uses 10,708 9,782 
Poel! 8,199,321 2, 513, 652 


1 Includes 191,536 pounds of bismuth contained in 


bismuth-lead bullion used directly in the production 
T an end product in 1966 and 170,837 pounds in 
1 


67. 
2 Includes industrial and laboratory chemicals. 
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STOCKS 


Stocks of bismuth metal held by con- 
sumers and dealers increased in the first 
and second quarters to reach 736,000 
pounds, the highest level in recent years, 


and then decreased to 660,000 pounds at 
yearend. Metal stocks at domestic pro- 
ducers declined to a new low as plant 
closures prevented normal production flow. 


PRICES 


The delivered price of refined bismuth 
metal, as quoted by Metals Week (New 
York), was stable at $4 per pound in 1- 
ton lots effective June 21, 1965. The dealer 
or merchant price, reported to range up- 
ward to $4.50 per pound early in the year, 
was gradually decreased and premiums 


FOREIGN 


Exports of bismuth, predominantly in 
the form of alloys and compounds, in- 
creased in 1967 to 152,684 pounds gross 
weight, valued at $396,000. Approximately 
45 percent was consigned to the Nether- 
lands, with others in the European indus- 
trial area receiving an additional 45 per- 
cent. Canada, India, and Japan were the 
major importers outside of Europe. 


Table 3.—U.S. exports of bismuth ! 


Gross 
Year weight Value 
(pounds) 
1965 eege 341,868 $939,570 
1960... 5-22 8 89,382 225,617 
1961. Locos ces 152,684 395,695 


1Includes bismuth, bismuth alloys, and waste 
and scrap. 

General imports of metallic bismuth de- 
clined 18 percent to 1.38 million pounds 
from the record 1.68 million pounds re- 
ceived in 1966. The 1967 imports were 
valued at $5.17 million. This decline re- 
flects the redirection of Peruvian exports 
to the strong European market, and with- 
drawal of European suppliers from the U.S. 
market. Increased deliveries from Canada, 
Japan, South Korea, and Mexico brought 


above producer price disappeared in 
December when government material was 
offered. The London Metal Bulletin quota- 
tion of $4 per pound (U.S. equivalent) in 
ton lots also held steady throughout the 
year. 


TRADE 


their share of U.S. imports to 38 percent in 
comparison to 27 percent during 1966. 

In addition to imports of bismuth metal, 
bismuth is imported as bismuth alloys, 
bismuth-lead alloys, and bismuth com- 
pounds. Bismuth alloys containing about 
578,000 pounds were received from Mex- 
ico, Peru, and Canada of which 288,000 
pounds were imported for consumption. 
Bismuth compounds totaling 6,735 pounds 
gross weight were received from Canada, 
Japan, France, Italy, the United King- 
dom, and West Germany during the year. 

International negotiations relating to the 
General Agreement on Tariff and Trade 
(GATT) were consumated in 1967 and 
tariff revisions applicable to the United 
States were filed on December 18, 1967 
(Federal Register Document 67-14749), 
to become effective on January 1, 1968. 
The effective duty on bismuth metal was 
reduced from 17$ percent ad valorem to 
1 percent in 1968-69, 0.5 percent in 1970, 
and free thereafter. The duty on bismuth 
alloys was reduced from 18 percent to 16 
percent in 1968 and approximately 2 per- 
cent annually thereafter to 9 percent in 
1972. The applicable duty on compounds 
was reduced trom 28 percent ad valorem 
to 25 percent in 1968 and further de- 
creased annually to 14 percent in 1972. 
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Table 4.—U.S. general imports of metallic bismuth, by countries 


(Pounds) 
Country 1966 1967 

Belgium-Luxembourg. eee 4,489 ..........- 
CODRQR 2 U ů̃ “ ““fnn:m St isn ia prc ³ͤKyſduͥſͥ ³ow0A = RE 86,386 64,829 
SBP od ß ß a aaa sete 59,605 67,089 
PCC EE 15,518 29 ,690 
E EEN 848,087 966,211 
P ² / m ero cocecuume inl ee ͥſſſſͥãũͥͥũ y E 1, 877 
eru... EE EE EEN 1,182,047 850,083 
United Kingdom. ........................ L2 2222 n 4 480 eo eus 
Ké" i) SEMEN" A E 80,865 ..........- 
POU EE 1,681,472 1,379,729 


WORLD REVIEW 


The demand for bismuth and depletion contributed mainly by Bolivia and Canada. 
of producer stocks continued to induce Sales of bismuth in the European area, 
expansion of production to the maximum including Communist countries, were es- 
consistent with efficient smelter recovery timated at 3.6 million pounds, a 13 per- 
practices. Recovery of bismuth as a by- cent increase in relation to 1966. France 
product from commingled imported ores accounted for about 45 percent of the 
does not permit full recognition of source total European demand. 

country production and output is credited Bolivia. Bismuth output is predom- 
to the country smelting the ore. The es- inantly from the Tasna copper-bismuth ore 
timated 6.9 million pounds for the coun- produced by  Corporatión Minera de 
tries indicated is a 4 percent increase, Bolivia. The bismuth flotation concentrate 


Table 5.—World production of bismuth, by countries ! 


(Pounds) 
Country 1963 1964 1965 1966 1967 » 1 
Argentina (in concentrate) 1,345 )))) Cc Z EP v 
Australia (in concentrates)... _. eee --.-.-..-.... .. I eseina 
Sr; ³ĩðâ2Lĩ lene ceEL 560, 872 599, 365 3 654,766 1 822,316 e 31,102,300 
Canada (metal) 359,125 399 , 958 428 , 759 525,659 542, 
China (in ore 660,000 660,000 660,000 660,000 660, 000 
France (in ore)9ddd 2... -...- 149,900 152,100 r 134,500 129,452 e 130,000 
Italy (metal7ʒß 2... - l2... 4,400 2,200 j i e 26,50 
Japan (metal) ) 823,814 1,115,611 1,847,183 1, 213, 513 e 1,213,000 
Korea, South (in ore 349,000 e 330,000 e 265,000 » 220,000 NA 
))). K Së 941,400 1,040,500 1,067,000 1,000,900 e 1,168,000 
Mozambique 24,317 14,462 r 10,273 3,616 NA 
EES 1,244,867 1,628,514 1, 780, 503 1,674,261 * 1,698,000 
South Africa, Republic of (in concen- 
ates). - VVV 2,619 161 240 328 e 130 
South-West Africa (in ore §,115 3,131 388 4 NA 
Spain (metals 25,836 4,184 r 809 A 
Weden* d . . suu 155,000 150,000 77,200 77,200 66,100 
Uganda... -2-2-2-2 r r 165 r 529 143 
U.S.S.R. (metal)e vv 65,000 65,000 77,000 77,000 88 ,000 
United States w W W 
Yugoslavia (metal) 194,657 184,660 194,638 228, 546 236 , 928 
Totals 1863. 5,566,311 6,350,020 6,707,088 6,660,154 6,931,294 


* Estimate. P Preliminary. r Revised. NA Not available. 

W Withheld to avoid disclosing individual company confidential data. 
1 Bismuth is believed to be produced in Brazil and East Germany but production data are not available. 
Metallic bismuth is produced in West Germany presumably from imported raw materials, as follows: 1968, 
277,300 pounds; 1964, 385,800; 1965, 275,600 (estimate); 1966, 165,300 (estimate); and 1967, not available. 

: compiled from data available March 1968. 

xports. 

4 Bismuth content of refined metal and bullion plus recoverable content of concentrates exported. 

s Previous undisclosed estimates for the U.S.S.R. revised sharply downward. 

* Total is of listed figures only; no undisclosed data included. 


BISMUTH 


is exported for processing at the Peruvian 
refinery of Cerro Corp. Expansion of mine 
and concentrator was completed during the 
year. A small output of bismuth is also ob- 
tained in the refining of tin concentrates. 


Canada.—The production of bismuth 
advanced sharply in 1966 with the first full 
year’s output from two new molybdenum- 
bismuth operations in Preissac Township, 
Quebec. The Anglo American Molybdenite 
Mining Corp. and Preissac Molybdenum 
Mines Ltd. each operate a mine-refinery 
facility with an ore capacity of 1,200 tons 
per day and produce by flotation-leach- 
roast a molybdenum product and bismuth 
oxychloride and metal. Continued explora- 
tion in the molybdenum-bismuth area of 
northern Quebec indicates the possibility 
of development of additional bismuth pro- 
duction. Molybdenite Corporation of Can- 
ada, Ltd. also operates a similar but 
smaller plant in the Province of Quebec. 
Additional bismuth is derived by Cominco 
Ltd. in the treatment of lead-zinc ores at 
the Trail, British Columbia, refinery and 
by Gaspé Copper Mines, Ltd. in eastern 
Quebec. 


Japan.—Five companies operate smelters 
and refineries recovering bismuth from for- 
eign and domestic base-metal ores with an 
estimated combined capacity of 825,000 
pounds annually. The domestic component 
of Japanese output has been from the 
Kamioka and Taishu mines. 

A large bismuth deposit, estimated to be 
the world’s largest, was discovered in 1964 
near Yamaguchi in western Japan. The ore 
reportedly averages 1 percent bismuth and 
confirmed reserves total 39,000 tons of 
bismuth, 67,000 tons of copper, and 60,000 
tons of tungsten. The mine, being de- 
veloped by Yashima Mining Company, 
began production in 1967 and expects to 
eventually reach a monthly output of 100 
tons of bismuth metal. 
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Korea, South.—The Korea Tungsten 
Mining Co. recovers bismuth as a byprod- 
uct of tungsten ore beneficiation and the 
improved tungsten market in 1966—67 pro- 
vided the basis for expanded bismuth out- 
put. 


Mexico, "The base-metal ores of Mexico 
contain a relatively high bismuth content 
which is recovered in smelting. The lead 
refinery operated by Metalurgica Mexicana 
Penoles, S.A., refines the bismuth-enriched 
smelter products to bismuth metal. The 
lead smelter of Compania Minera Asarco, 
S.A., produces a bismuth-lead alloy and 
high-bismuth drosses which are exported 
to the United States for refining and mar- 
keting. 


Peru.—The complex base-metal ores of 
Peru are the world’s largest source of bis- 
muth. Expansion of ore production at the 
mines of Cerro Corp., as well as other 
mines selling ore to Cerro Corp. for re- 
fining, has expanded output at the Cerro 
bismuth refinery to approximately 1.7 mil- 
lion pounds annually. Concentrates are 
also imported from Bolivia. In addition to 
refined metal, the refinery produces bis- 
muth alloys to various specifications for 
direct use in end products. A strike at the 
Peruvian operations of Cerro Corp. of 
about 2 week’s duration in late July-early 
August reduced output for the year. 


Other European.—Seven metal refining 
plants in the United Kingdom and Western 
European areas recover the bismuth con- 
tent of base-metal concentrates and bullion 
received for refining from various source 
countries. The Zevcan Lead Smelter and 
Refinery in Yugoslavia processes ore from 
extensive mining operations in Yugoslavia, 
as well as imported concentrates, and pro- 
duces metallic bismuth. The Ronnskar 
works of Boliden Aktiebolag produces a 
bismuth-lead alloy from the complex 
pyritic ores of Sweden. 
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TECHNOLOGY 


The short supply of bismuth has ac- 
tivated metallurgical research toward maxi- 
mum conservation of bismuth in base 
metal and other ores and recovery of this 
byproduct metal from smelter waste prod- 
ucts and secondary materials. 

The ability of bismuth to alloy with 
other metals, such as cadmium, indium, 
lead, tellurium, tin, and zinc, to achieve a 
wide range of melting temperatures, expan- 
sion-contraction characteristics, and ther- 


moelectric effects offers an interesting field 
for application research.“ While this field 
ranges from metallurgical additives 
through industrial alloys, and catalytic, 
medicinal, and cosmetic applications, there 
were no major technical developments re- 
ported during the year. 


? Becker, Richard D. Bismuth’s Unusual 
Properties Meet Many Special Needs. Metal 
Progress, v. 91, No. 6, June 1967, pp. 61-68. 


Boron 


By Timothy C. May 


New record levels in the production 
of boron minerals and compounds were 
reached in 1967 to meet the increasing 
requirements of the glass and enamel in- 
dustries, and the increasing demand for ex- 
ports. 

A significant new use for boron was its 
application in boron carbide for manufac- 


ture of lightweight armor for new aircraft 
systems. 

Legislation and Government Programs.— 
General Services Administration sold the 
entire Government inventory of colemanite 
amounting to 67,571 long dry tons. De- 
livery is to be made over a period of 4 
years. 


Table 1.—Salient boron minerals and compounds statistics in the United States 


(Thousand short tons and thousand dollars) 


1963 1964 1965 1966 1967 
Sold or used by producers: 
Quantity: 
Gross weight. 700 776 807 866 955 
Boron oxide 369 405 425 462 496 
TUE $54,981 $60,871 $64,180 $68,209 $74,130 
Imports for consunption: 
Quantity-_ ouai kk (2) (1) (2) 16 112 127 
Value uc 2 are wr a E $58 $21 $279 $1,084 $1,201 


! Imports for 1964, 1965, 1966, and 1967 include a higher proportion of crude ore to refined products. 


2 Less than 14 unit. 


DOMESTIC PRODUCTION 


Domestic production of boron minerals 
and compounds increased 10 percent in 
volume and 9 percent in value compared 
with that of 1966. All of the output came 
from bedded borate deposits in Kern and 
Inyo Counties, Calif., and the brines of 
Searles Lake, Calif. U.S. Borax & Chemical 
Corp. operated refineries in Kern and Los 
Angeles Counties on crude borates from its 
open pit mine at Boron, Kern County. The 
firm also completed and started up on 
May 1, 1967, a new plant at Boron for the 
manufacture of anhydrous boric acid. In 
Inyo County U.S. Borax mined colemanite 
near Furnace Creek and sodium-calcium 
borates near Shoshone, and Kern County 


Land Co. mined colemanite near Ryan. 
American Potash & Chemical Corp. and 
Stauffer Chemical Co. extracted boron 
compounds from brines at Searles Lake. 

It was reported that American Potash & 
Chemical Corp. had purchased the Federal 
lease and other properties related to the 
Little Placer borate deposit in the Mojave 
Desert, near Boron, Calif. Little Placer is 
a mixed deposit of tincal and kernite. 
Start-up of mining operations and treat- 
ment facilities is expected by end of 1968.2 


1Commodity specialist, Division of Mineral 
Studies. 

2 Engineering and Mining Journal American 
Potash Purchases Little Placer Borate Deposit. 
V. 168, No. 5, May 1967, p. 144. 
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CONSUMPTION AND USES 


Manufacturers of glass, soap and cleans- 
ers, and porcelain enamel continued to be 
the major consumers of boron compounds. 
About half of the total consumption was 
used in the manufacture of heat-resistant 
glass, glass wool, fiberglass, soap, and 
cleansers. The remainder was used in the 
manufacture of porcelain enamels for do- 
mestic appliances, borate products for agri- 
cultural use, leather tanning, metallurgy, 
corrosion control, nuclear shielding, flame- 
proofing, manufacture of adhesives and 
starches, and other industrial and con- 
sumer uses. 

New composite reinforcement mate- 
rials—a large-diameter boron filament and 
a short random-length boron filament—for 
use in aerospace structures were being 
manufactured. 


Boron nitrite fiber mat, a resilient non- 
woven mat that provides thermal insula- 
tion in critical environments where con- 
ventional materials become embrittled was 
reported to be available in developmental 
quantities. The mat can be used for high- 
temperature seals, separators, diffusion bar- 
riers, and electrical insulation. 

Boron carbide, a lightweight armor, is 
to be used to portect personnel and vital 
components on new aircraft systems pro- 
duced for the Department of Defense. 

The Federal Aviation Agency approved 
a biocide fuel additive containing a boron 
compound that sterilizes or disinfects tur- 
bine fuel used in aircraft by destroying the 
microbes that thrive in the fuel. These 
microbes cause corrosion, filter plugging, 
and a slime that suspends water and mat- 
ter in fuel.’ 


PRICES 


Borax and boric acid prices remained 
constant during the year. The 1967 year- 


end prices for boron compounds are shown 
in table 2. 


Table 2.—Borate prices at yearend 


Dollars 
(per ton)! 
Borax, technical: 
Anhydrous, 99 percent: 
Bags. —————— 8 $97.50 
DI Coe 88. 
Granular, decahydrate, 99.5 percent: 
(TT SE 54.25 
WK ee mE MR 46.75 
Granular, pentahydrate, 99.5 percent: 
RE 69.75 
Bulls. t aou puas ie cue 62.25 


Dollars 
(per ton)! 
Boric acid, technical: ? 
Anhydrous, 99.9 percent: Bags 825.00 
Crystals, 99.9 percent: 
PHH AAA S 158. 50 
Alff; eee 183. 50 
Granular, 99.9 percent: 
"d WE 102.00 
RI ccce seas 127.00 
Ee ⁵ð KA NUUS 96.00 
Sodium borate powder, U.S.P.: Bags 54. 


In carlots at plant works. 
2 Boric acid U.S. P. $25 per ton higher than techni- 
cal grade. 


Source: Oil, Paint and Drug Reporter. 


FOREIGN TRADE 


Boric acid and borates exported totaled 
186,482 tons valued at almost $19 million. 
About 87 percent of the quantity was re- 
fined sodium borate compounds; the re- 
mainder, boric acid. The Netherlands re- 
ceived 39 percent of the exports of sodium 
borates and Japan 21 percent, the remain- 
der was exported to 36 different countries. 

Total imports of boron compounds and 
metal reached 54 million pounds valued at 
$1.2 million. Almost all of the 53,548,798 
pounds of imported material consisted of 
crude calcium borate (colemanite) from 
Turkey but this quantity only accounted 


for 57 percent of the total value of im- 
ports. Boron carbide imports in 1967 
reached 214,620 pounds valued at $469,- 
167 compared with 183,300 pounds valued 
at $513,380 in 1966. Approximately 87 
percent of the material came from Canada 
and the remainder came from West Ger- 
many and France. Boric acid imports 
amounted to 78,263 pounds valued at 
$5,063, all from France. Boron metal im- 
ports were 251 pounds valued at $24,843. 


3 United States Borax & Chemical Corp. An- 
nual Report 1967. 1967, p. 9. 
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Table 3.—U.S. exports of boric acid and sodium borates, in 1967 


Destination 


Australia 
Belgium-Luxembourg 
Brazil 


Germany, West 
Hong Kong 
Indonesia 


Philippines 
Singapore 


United Kingdom 


Venezuela 
Viet-Nam, South 
Yugoslavia 
Other 


1 Less than Le unit. 
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Boric acid Sodium borates 
(H: BO; content) (refined) 
Short Value Short Value 
tons (thou- tons (thou- 
sands) sands) 
2,027 $254 4,288 $348 
14 10 640 52 
958 120 585 61 
3,128 367 9,754 859 
98 15 671 68 
8 1 425 44 
39 6 174 12 
. 248 17 
"RC eee 2,571 348 
8,572 348 2,381 217 
156 19 3,606 833 
E 92 27 
„ 336 27 
8 211 12 
2 (1) 482 42 
1 (1) 3,398 342 
8, 448 939 34,447 3,027 
63 1,110 76 
69 11 176 13 
1,829 206 8,562 829 
1,036 178 63,215 6 , 755 
523 61 ,268 401 
4 1 239 17 
64 8 649 44 
298 85 884 88 
220 25 852 105 
85 5 265 18 
153 20 1,228 117 
DEEG 793 7 
586 52 2,110 171 
6 1 656 47 
74 8 2,082 151 
53 8 602 55 
170 15 6,736 617 
89 MNT NL ON 
272 40 155 12 
5 1 808 78 
83 8 8,075 819 
296 55 1,196 110 
23,787 2, 825 162, 695 15, 885 


WORLD REVIEW 


Argentina.—Rivadavite, a new borate 
mineral was found in the Tincalayu borax 
deposit located in Salar del Hombre 
Meurto Province of Salta. The new min- 
eral is a hydrous sodium magnesium bo- 
rate. 


Chile.—Servicio de Minas del Estado 
reported that Chilean production of boron 
minerals in 1966 was 4,125 tons of ulexite 
with a 33 percent BeOs content compared 
with 5,073 tons with a 33 percent BsOs 
content in 1965. Borax Consolidated 
Limited is the only Chilean producer. 
Sales amounted to 3,385 tons, all to the 
Chilean market except for 250 tons which 
were shipped to Uruguay.* 


India.—Imports of boron in 1967 were 
3,060 tons compared with 2,394 tons in 


1966. Exports in 1967 were 67 tons com- 
pared with 112 tons in 1966.5 

Turkey.—Output of boron in 1966 
amounted to 248,133 tons compared with 
188,490 tons in 1965. The largest pro- 
ducer was Etibank's Hisarcik open cut 
mine. Borates now rank third in value 
among Turkish exports and production and 
exports have tripled since 1961. Exports in 
1966 amounted to 193,261 tons—Italy re- 
ceived 63,360 tons; France, 43,735 tons; 
United States, 21,003 tons; United King- 
dom, 12,443 tons; and Poland, 11,739 
tons.“ 


4 U.S. Embassy, Santiago, Chile. State De- 


partment Airgram A-183, Oct. 11, 1967, 49 pp. 
5 U.S. Embassy, New Delhi, India. State De 
partment Airgram A-932, Apr. 4, 1968. 
€ U.S. Embassy, Ankara, Turkey. State De- 
partment Airgram A-28, July 18, 1967, 20 pp. 
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It was reported that Turkish boron pro- 
ducers were increasing mine and plant 
Capacities to keep pace with steadily in- 
creasing exports. The recently constructed 
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borax plant at Bandirma on the Sea of 
Marmara will have a capacity of 20,000 
tons of pentahydrate borax and 6,000 tons 
of boric acid.’ 


TECHNOLOGY 


The Bureau of Mines, used a statistical 
approach to evaluate the effects of temper- 
ature, current density, and composition of 
the electrolyte on the purity of boron pre- 
pared by electrolysis of a fused mixture of 
boric oxide in potassium fluoborate. The 
best products, better than 95 percent 
boron, were obtained when the current 
density was less than 2 amperes per square 
feet and the boric oxide content was less 
than 2 molal. The effects of three factors— 
temperature, cathode current density, and 
composition of the electrolyte—on the 
purity of electrolytic boron were investi- 
gated. It was found that reasonably pure 
boron can be prepared by electrolysis of a 
fused mixture of boric oxide in potassium 
fluoborate. A regression equation was ob- 
tained which relates the purity of the 
product to the temperature, cathode cur- 
rent density, and composition of the elec- 
trolyte. Extrapolation by using this equa- 


tion indicates that 95-percent-pure boron 
can be produced by electrolysis at a variety 
of conditions, but the results were not 
always reproducible. The relatively large 
standard error of estimate, 6 percent 
boron, suggests that other factors must also 
be considered.“ 

A unique seismic monitoring system was 
used by United States Borax in early detec- 
tion of potential slope problems and in 
determining the effectiveness of corrective 
action. Microseismic equipment converted 
rock noise into electrical impulses which 
were amplified and directed to a graphic 
recorder.“ 


7 Industrial Minerals (London). Boron Pro- 
ducers Respond. No. 1, October 1967, p. 20. 

8 Russell, James H., and Hal J. Kelly. A 
Statistical Evaluation of Some Factors in the 
Preparation of Boron by Fused-Salt Electrolysis. 
BuMines Rept. of Inv. 7028, 1967, 16 pp. 

9 Paulsen, J. C., R. B. Kistler, L. L. Thomas. 
Slope Stability Monitoring at Boron. Min. Cong. 
J. v. 53, No. 9, September 1967, pp. 28-32. 


Bromine 


By Timothy C. May 


The growth in the demand for bromine 
and bromine compounds for gasoline addi- 
tives, water sanitation chemicals, and 
fumigants, set new record levels in the 
production and sales of bromine and bro- 
mine compounds in the United States in 
1967. Total production of bromine com- 


pounds in 1967 exceeded that of 1966 by 
7 percent and the production of ethylene 
dibromide in 1967 increased 5 percent 
over 1966 output. Imports in 1967 were 
approximately 52 percent less than in 


1966. 


DOMESTIC PRODUCTION 


The domestic output of bromine and 
bromine compounds in 1967 was 6 per- 
cent higher than in 1966 with Michigan 
accounting for the largest output followed 


by Texas, Arkansas, and California in 
order of output. Producers of bromine and 
bromine compounds in the United States 
are the following: 


State Company County Plant Raw material 

Arkansas.... Arkansas Chemicals, Ine. Union Arkansas Chemicals... Oil field brines 

Great Lakes Chemical Corp.. .... dO: lec El Dorado o. 

Michigan Chemical Corp.... .... do: 2 mee een Chemical Do. 

orp. 

The Dow Chemical Co...... Columbia........ Magnolia. Do. 

California... American Potash & Chemical San Bernardino.. Tron. Searles Lake brines. 
orp. 

FMC Corporation Alameda Newark Sea water bitterns. 
Michigan . Great Lakes Chemical Corp. Manistee........ Filer City-- - .-.----- Natural saline brines 

Michigan Chemical Corp.... .... e (e S East Lake Do. 

Michigan Chemical Corp. Gratio --- St. Louis Do 

Morton Chemical Co Manistee........ Maniste Do. 

The Dow Chemical Co Manon. Ludington........... Do. 

The Dow Chemical Co. ` Midland......... Midland............. Do. 
Texas Ethyl-Dow Chemical Co.... Brazoria......... Ethyl-Dow..........- Sea water. 


It was announced that the Great Lakes 
Chemical Corp., and Arkansas Chemicals, 
Inc., started projects to double the ca- 
pacity of their respective bromine extrac- 
tion units near El Dorado, Ark.’ 


S ER specialist, Division of Mineral 
es. 
2 Chemical & Engineering News. V. 45, No. 
19, May 1, 1967, p. 24. 

5 Week. V. 100, No. 13, Apr. 1, 1967, 
p. 25. 


Table 1.— Sales of bromine and bromine compounds by primary producers in the 
United States 


(Thousand pounds and thousand dollars) 


Quantity 
Year Value 

Gross Bromine 

weight content 
1903 EE 238 , 583 203,333 $48,558 
J%»Ü5dùũ᷑ /. x 8 283, 530 238,019 66,064 
h i ee eee rue oe boa p eee eee eis 828,115 274,569 71,259 
J)))))!!;;ü.ũũ ³ ⁰ y aai 8 326, 498 275,009 78,888 
J/)½))½....ͤĩͤĩĩé5té—00:f « ð K •rt SEPARAR UN 349, 757 292,072 85,391 
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Table 2. Bromine and bromine compounds sold by primary producers in the 
United States 


(Thousand pounds and thousand dollars) 


Quantity 
Product Value 
Gross Bromine 
weight content 
1966; 
Elemental bromin akk 39, 952 39, 952 $8,388 
Ethyl bromide: ebe diesel oom VE a ra 696 618 284 
Methyl bromide. ee a a le ora le ale a 15,346 13,484 6,912 
Other, including ethylene dibromide, sodium bromide, ammonium 
bromide, and potassium bromide. ........................- 210,504 220,955 63,299 
Tot8l uuu uu SS 22 o MALLA UD SA oe p 326 , 498 275 ,009 78,888 
1967: 
Elemental bromine_______ „„ 48,720 48,720 $10,008 
Ethyl bromidſgõeeeeee...ꝑÜ“ 526 885 182 
Methyl bromide z 18,308 15,414 8,900 
Other, including ethylene dibromide, sodium bromide, ammonium 
bromide, and potassium bromidde d.... 284,872 230 , 223 67,828 
"Totül EE 849,757 292,072 


85,391 


! Total has been adjusted to avoid duplication of transferred or purchased material. 


CONSUMPTION AND USES 


The major outlet for bromine was in 
the manufacture of ethylene dibromide 
used to formulate antiknock compounds 
for gasoline. Second in consumption of 
bromine was elemental bromine followed 
by methyl bromide, potassium bromide, 
sodium bromide, ammonium bromide, and 


ethyl bromide. Bromine and bromine com- 
pounds were used in the production of 
fire retardants, sanitizers, pharmaceuticals, 
dyes, agricultural chemicals, intermediates 
for other chemical processes, and photo- 
graphic chemicals. 


PRICES 


Prices for bromine and some of the bro- 
mine compounds showed a slight change 
in 1966. Purified bromine in tanks, car- 
lots, east of Rocky Mountains, and am- 
monium bromide increased in price in 
1967. The following prices for bromine 
and bromine compounds were quoted by 
the Oil, Paint and Drug Reporter. 


Cents 
per 
pound 
Bromine, purified: 

Cases, carlots, ton lots, delivered east of 
Rocky Mountains. ................- 
Drums, carlots, ton lots, delivered east of 
Rocky Mountains..................- 
Tanks, carlots, same basis 


Centa 


per 
pound 
Ammonium bromide, National Formulary ` 
(N.F.) granular, drums, carlots, ton lots, 


freight eoualized ..................... 46 
Bromochloromethane: : 
Drums, carlots, freight equalized........ 48 
Tanks, same basis 47 
Ethylene dibromide: 
Drums, carlots, freight equalized. ...... 30.5 
Tanks, freight equalized. .............. 28.5 
Potassium bromate, 200-pound drums, carlots, 
freight allowed... ...................--- 49 
Potassium bromide, N.F., granular, drums... 40 
Sodium bromide, N.F., granular, barrels, 
drums, freight equalized. ................ 40 
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FOREIGN TRADE 


Total imports of bromine and bromine 
products in 1967 was 254,560 pounds 
compared with 613,335 pounds in 1966. 
Most of the reduction in imports was in 
ethylene dibromide. Because of increased 
output of this product in the U.S. the 
demand for imported material was re- 
duced. 

Transactions involving bromine com- 
pounds reported under the existing tariff 
schedules (TSUS) were the importation 
of 185,187 pounds of ethylene dibromide 
valued at $34,500 from Israel; 7,760 
pounds of sodium bromide valued at $525 


from Israel; 16,845 pounds of theobro- 
mine valued at $28,612 from Netherlands; 
and 44,768 pounds of potassium bromide 
valued at $7,819 of which Belgium- 
Luxemburg accounted for 2,202 pounds, 
France acounted for 41,516 pounds, and 
Israel accounted for 1,050 pounds. No 
transactions were reported for bromine. 
All other classes of bromine compounds 
are part of a blanket category and are 
no longer classified separately. 

Exports of bromine, bromides, and bro- 
mates were no longer separately classi- 
fied effective January 1, 1965. 


WORLD REVIEW 


Israel.—Dead Sea Bromide Ltd. (DSBL) 
and its 50-percent owned subsidiary, Bro- 
mine Compounds Ltd. (BCL) plan to 
step up distribution of bromine to U.S. 
chemical markets. Major exports are 
ethylene dibromide, ammonium bromide, 
and methyl bromide. BCL is expanding 
its 5-million pound-per-year organic and 


inorganic bromide plant by adding 700,- 
000 pounds per-year of inorganic bromide 
capacity. DSBL and BCL have a 20- 
million-pound-per-year bromide capacity.* 

Production of bromine and bromine 
compounds in 1967 was 16.3 million 
pounds and sales amounted to 14.6 mil- 
lion pounds.* 


TECHNOLOGY 


A monograph was published which em- 
phasized the fundamentals of bromine 
chemistry and the various commercial uses 
of bromine. Methods of preparation, and 
physical and chemical properties, includ- 
ing classified reactions are discussed in 
detail 

It was announced that a bromine-char- 
coal reagent was available for use in in- 
organic laboratories where the handling 
of liquid bromine is a potential safety 
hazard. The reagent-grade bromine is 
carefully absorbed on charcoal. This 


safety speciality chemical can be used for 
brominating organic compounds on the 
semimicrolevel and for preparing test re- 
agent solutions for organic and inorganic 
identification.“ 


3 Chemical Week. Bromide Chemical Markets. 
V. 101, No. 5, July 29, 1967, pp. 57-58. 

4 Foreign Service Despatch A-769, Apr. 15, 
1968, Tel Aviv. 

5 J olles, Z. E. Bromine and Its Compounds. 
Academic Press. New York, 1966, 940 pp. 

6 Industrial and Engineering Chemistry. Bro- 
nog: oom. Reagent. V. 59, No. 4, April 

p. 
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Cadmium 


By Harold J. Schroeder 


Although the apparent domestic con- 
sumption of cadmium declined in 1967 
reduced supply from production and im- 
ports required substantial sales from the 
Government stockpile and a drawdown of 
industrial stocks to balance demand. The 
quoted producer price was increased in 
January when producer stocks reached the 
lowest level since 1964. 


Legislation and Government Programs. 
—The General Services Administration 
(GSA) cadmium disposal program re- 
mained in effect during 1967. Cadmium 
available for sale each quarter was 600,000 
pounds and was restricted to domestic con- 


sumption. Total sales for the year 
amounted to 807,504 pounds with 600,000 
pounds in the first quarter, 103,204 pounds 
in the second quarter, 22,000 pounds in the 
third quarter, and 82,300 pounds in the 
fourth quarter. At yearend, approximately 
3.5 million pounds of the 5 million pounds 
authorized for sale by 1964 legislation re- 
mained unsold. 


Government stockpiles were reduced to 
13.75 million pounds, of which 6.57 million 
was in the strategic stockpile and 7.18 mil- 
lion in the supplemental stockpile. The 
stockpile objective remained 5.1 million 
pounds. 


Table 1.—Salient cadmium statistics 


(Thousand pounds) 


1963 1964 1965 1966 1967 

United States: 
Production 8 9,990 10,458 9,671 10,460 8,699 
Shipments by producers ?............... 10,124 9,689 8,128 11,792 9,606 
Value: vo = thousands 521, 880 $27,421 $19,153 $26,771 $24,665 
An et oc oo See 886 1,313 1,439 73 37 691 
Imports for consumption, metal 991 1,104 2,121 3,358 1,587 
Consumption 11.482 9,364 10,431 14,780 11,561 
Price: Average š per pound. ...........- $2.26 $3.00 $2.58 2.42 $2.64 
World: Production.................-....... 26,008 27,942 25, 741 28,707 NA 


NA Not available. : 


1 Primary and secondary cadmium metal. Includes equivalent metal content of cadmium sponge used 


directly in production of compounds. 
2 Includes metal consumed at producer plants. 


3 Average quoted price for cadmium sticks and bars in lots of 1 to 5 tons. 


DOMESTIC PRODUCTION 


Production of cadmium metal from pri- 
mary and secondary sources was 8.7 million 
pounds, 17 percent below the preceding 
year and the lowest output since 1952. The 
reduced output was largely attributed to 
strikes at several smelters during the latter 
half of the year. 

About 12 percent of the metal output 
was derived from imported cadmium flue 
dust. Except for a relatively small quantity 


1Commodity specialist, 


recovered from scrap, the balance was ob- 
tained from processing domestic and im- 
ported zinc and other base-metal concen- 
trates, with approximately equal quantities 
supplied by each source. The imported zinc 
concentrates were largely from Canada, 
Mexico, and Peru. Secondary cadmium was 
recovered mainly from scrap alloys. 


Division of Mineral 
Studies. 
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Figure 1.— Trends in production, consumption, yearend stocks, imports, exports, and 
average price of cadmium metal in the United States. 


CADMIUM 


Production of cadmium sulfide, cadmium 
lithopone, and cadmium sulfoselenide to- 
taled 1.54 million pounds of contained cad- 
mium, a decrease of 32 percent from the 
record high of the previous year and the 
lowest quantity since 1964. Two firms con- 
tinued to produce cadmium oxide. 

The following plants produced cadmium 
metal in the United States in 1967: 

American Smelting and Refining Com- 
pany, Denver, Colo., and Corpus 
Christi, Tex. 

American Zinc Co., East St. Louis, III. 

The Anaconda Company, Great Falls, 
Mont. 

Blackwell Zinc Co., Blackwell, Okla. 

The Bunker Hill Co., Kellogg, Idaho. 

The Eagle-Picher Industries, Inc., Ga- 
lena, Kans. 

National Zinc Co., Inc., Bartlesville, 
Okla. 
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The New Jersey Zinc Co., Palmerton, 
Pa. 

St. Joseph Lead Co., Josephtown, Pa. 

United Refining & Smelting Co., Chi- 
cago, Ill. 


Table 2.—Cadmium oxide ! and cadmium 
sulfide produced in the United States 


(Thousand pounds) 


Sulfide 2 
Year 

Gross Cadmium 

weight content 
19680. l ogc de 4,560 1,542 
1984 EE 4,514 1,581 
KEE 4,666 1,575 
1966_____... 5,644 2,267 
/ u a 4,827 1, 536 


1 Cadmium oxide withheld to avoid disclosing indi- 
vidual company confidential data. 

2Includes cadmium lithopone and cadmium 
sulfoselenide. 


CONSUMPTION AND USES 


Consumption of cadmium metal—calcu- 
lated as production and plus or minus net 
foreign trade and net changes of known 
industrial and government stocks—was 11.6 
million pounds, a 22-percent drop from the 
record high of 1966 but 11 percent above 
the 1965 quantity. 

Plating continued to be the largest use 
for cadmium and was estimated to have 
consumed about 60 percent of the total. 
Applications for cadmium plating include 
parts for automobiles, household ap- 


pliances, aircraft, industrial machines, radio 
and television sets, electrical and electronic 
equipment, hardware fittings, instruments, 


and numerous fastening items such as nuts, 


bolts, and screws. 

Other principal uses of cadmium were as 
pigments for industrial colors, stabilizers 
for vinyl plastics, electrodes for nickel-cad- 
mium batteries, phosphors for television 
tubes, and a metal component of solders, 
low-melting-point fusible alloys, and other 
alloys. 


STOCKS 


Stocks of cadmium metal at producers, 
compound manufacturers, and distributors 
decreased from 2.5 million pounds at the 


start of the year to 1.6 million pounds by 
the end of the year, the lowest yearend 
level since 1963. 


Table 3.—Industry stocks, December 31 


(Thousand pounds) 

1966 1967 
Cadmium Cadmium in Cadmium Cadmium in 
metal compounds metal compounds 
Metal predueers d WAT ASuE Ee 1,735 W 921 W 
Compound manufacturers 536 963 419 687 
Distributors. ---.------------------------------ 222 46 218 49 
d i) 5:1 EEN 2,498 1,009 1,558 736 


W Withheld to avoid disclosing individual company confidential data; included with Compound manu- 


facturers."' 
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PRICES 


Producer-to-consumer quoted prices for 
cadmium metal in 1-ton lots was increased 
10 cents to $2.65 per pound by one pro- 
ducer on January 11 and by all producers, 
effective January 13. With respect to sales 
from the Government stockpile GSA estab- 
lished, effective January 13, a sales price 
for cadmium of $2.53 per pound in ton 
lots and $2.58 in less than ton lots, f.o.b. 
storage location. The GSA price was estab- 
lished 12 cents below producer quotations 
to allow for conversion to desirable con- 
sumer shapes. 

Cadmium metal on the London Market 
from the United Kingdom and Common- 
wealth sources was quoted at 16s ($2.23) 
per pound at the start of the year and 
advanced to 18s 9d ($2.62) on January 27. 


Following devaluation of the pound, the 
quotation was changed on November 24 to 
21s 9d with the U.S. equivalent of $2.62 
remaining unchanged. 


In Italy the quoted price of 3,900 lire 
per kilogram ($2.85 per pound) at the 
beginning of the year, moved upward in 
increments to 4,400 lire ($3.22) by the 
end of April. Beginning in late June prices 
declined, leveling at 3,700 lire ($2.70) by 
yearend, 


The French quotation for metal was 28 
francs per kilogram ($2.59 per pound) at 
the start of the year, moved upward to 
30.50 francs ($2.82) by March 21, then 
trended downward to 27.25 francs ($2.52) 
by late October. 


Table 4.—-Prices quoted for cadmium in the United States in 1967 
(Per pound) 


Producer to consumer GSA 
Date Distributor —M 
1-ton lots Less than to consumer l-ton lots Less than 
1-ton lots 1-ton lots 
January 1114 $2.55 $2.60 52. 65-51. 80 (*) (!) 
January 11. 2.55-2.65 2.60-2.70 2.65- 2.80 (2) (!) 
January 13 to December 31... 2.65 2.70 (2) $2.53 $2.58 


! Published quotations began Jan. 13, 1967. 
2 Published quotations discontinued. 


FOREIGN TRADE 


Exports.—Exports of cadmium as metal, 
dross, flue dust, residues, and scrap were 
691,000 pounds, almost twice the quantity 
of the preceding year and the largest since 
1964. About 71 percent of the exports were 
in the first quarter, continuing the high 
export rate during the latter part of 1966 
and largely attributed to a higher price 
level in Europe. 


Table 5.—U.S. exports of cadmium metal 
and cadmium in alloys, dross, tiue dust, 
residues, and scrap 


(Thousand pounds and thousand dollars) 


Year Quantity Value 
/ RP 73 $195 
19606. 6s . ces aes 379 795 
1961. .2-.2.— é 691 1,669 


Imports.—General imports of cadmium 
metal were 1.6 million pounds, less than 
half of the record high of 1966 and the 
smallest quantity since 1964. Imports of 
cadmium in flue dust, all from Mexico, 
declined to 1.17 million pounds of con- 
tained cadmium, the lowest quantity shown 
in records available since 1936. 


Tariff.—The import duty on cadmium 
metal remained at 3.75 cents per pound in 
1967—the rate effective January 1, 1948, 
as established at the Geneva Trade Confer- 
ence in 1947. Tariff revisions filed in the 
Federal Register December 18 reduced the 
rate of duty on cadmium metal to 3.0 cents 
per pound, effective January 1, 1968. Cad- 
mium contained in ftue dust remained duty 
free. 


CADMIUM 
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Table 6.—U.S. imports of cadmium metal and cadmium in flue dust, by countries 


(Thousand pounds and thousand dollars) 


General imports ! 


Imports for consumption ? 


Country 1966 1967 1966 1967 
Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity 
CADMIUM METAL 

AUSÜCIS EE 48 $06- 22-157 munie 48 8998 
Aúüstrallg. ... ns ES PEG 424 860 290 $657 424 860 290 $657 

Belgium- Luxembourg 6 12 2 6 12 28 6 
Canadas . oleh 907 1,773 538 1,396 907 1,773 538 1,396 

Congo (Kinshasa)... . 154 310 22 5 154 310 22 5 
Branco |. ß ae eae 22 TF 22 o 
Germany, West ----------------------- 22 42. nie - dut 22 FFT 
Pß6ß ] ſ . LC E 1,085 2, 205 304 702 1,048 2,129 302 696 
ii ðᷣ V 8 15 31 201 488 16 37 181 434 
Mozambi qu; 10 SS ³·˙ ` (See 10 20 wets. Lame 
Netherlands 6 110 6 2: cece T: 
| Ed =) | Eeer 352 793 209 472 352 793 209 472 
Poland and Danzig 56 D KE 41 BO). ¿Sul eee 
South Africa, Republic of 7 17 6 16 7 17 6 16 
United Kingdom. ....................-- 295 090. csse unes 295 DIO- ¿uz as: ake 
Fass lll ⁵ðↄ/ſ ³ĩðÄ 8 11 28538 Gate 11 25 
erter 3,409 6,915 1,609 3,877 3,358 6,813 1,587 3,817 

FLUE DUST (CADMIUM CONTENT) 

e a EE 1,181 $989 1,166 $1,093 1,181 $989 1,166 $1,093 
Grand total.. 4,590 7,904 2,775 4,970 4,539 7,802 2,753 4,910 


! Comprises cadmium imported for immediate consumption plus material entering bonded warehouses. 
? Comprises cadmium imported for immediate consumption plus material withdrawn from bonded ware- 


houses. 


WORLD REVIEW 


World production of cadmium metal in 
1967, including estimates of countries for 
which reports were not available, decreased 
about 4 percent to 27.6 million pounds. 
The decrease was largely attributed to the 
United States, Canada, Japan, and Aus- 
tralia. 


Canada.—Refined cadmium was pro- 
duced by Canadian Electrolytic Zinc Ltd., 
Valleyfield, Quebec, for the first full year. 
Prior to completion of refinery facilities in 
1966, cadmium was recovered as sponge or 


precipitate in purifying zinc-bearing solu- 
tions. 

United Kingdom.—“The World Metal 
Statistics," published by the World Bureau 
of Metal Statistics, reports production of 
460,000 pounds and imports of 2.4 million 
pounds of cadmium for the United King- 
dom during 1967. Cadmium consumption 
was 3 million pounds and was used for the 
following purposes (in thousand pounds): 
Plating anodes, 1,080; plating salts, 265; 
cadmium-copper alloys, 62; other alloys, 
62; batteries, 272; solder, 143; colors, 949; 
and miscellaneous, 178. 
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Table 7.—World smelter production of cadmium by countries ! ? 


(Thousand pounds) 


wun ep es em e e e s — emm d» o up 4D ap en e en 4D c c (UR 4 C em — 2 o = 
— o am es c 4 ep 9 — 4» em em em us em e em e em 4 cm "A em em e em em em o — om 
m gr eg — op op op c em 4 en e 4D en en ep en c er XD em Gm — om e 9» 


Europe: 
Austria 


France 


Ir ³ĩW¹¹.. y 8 
Netherlands „„ 
Norway 


Yugoslavia ¢ 
Africa: 


e Estimate. P Preliminary. 


1965 


1963 1964 1966 1967 » 8 
r 2,954 r 2,220 r 1,086 2,314  *1,800 
r 959 r 348 1152 r 243 NA 
9,990 10,458 9,671 10,460 8,699 
3 435 478 14 NA 
41 43 46 r 46 NA 
1.943 1,857 849 822 NA 
655 1,085 r 944 r 988 NA 
11 22 22 22 NA 
492 705 728 785 880 
622 r 611 r 619 540 595 
r 220 r 231 r 198 r 220 220 
248 r 249 r 287 er 280 ° 290 
930 r 940 r 970 950 NA 
119 133 r 137 e * 130 NA 
3,700 3, 900 4,200 r 4,500 4,900 
247 435 1 485 r 405 460 
88 90 90 90 110 
254 363 218 829 NA 
Leese, M — 73 r 582 ° 375 
83 32 40 27 e 16 
2,231 2,678 8,242 r 9,872 NA 
1,089 1,107 r 1,156 r 1,160 NA 
26 ,003 27 , 942 25,741 28 , 707 NA 


r Revised. NA Not available. 


1 Data derived in part from bulletins of the World Metal Statistics (London) and annual issues of Metal 


Statistics (Metallgesellschaft). 


2 No estimate included for Bulgaria, but it is reported to be producing cadmium. 


3 Compiled 6 data available April 1968. 
‘Including secondary. 


TECHNOLOGY 


Research continued in an effort to reduce 
the hydrogen embrittlement problem en- 
countered in cadmium plating of high- 
strength steels. Investigations included use 
of a low-hydrogen bath, baking after plat- 
ing, surface treatment before plating, and 
vacuum plating. 


Expanded use of the nickel-cadmium 
battery has promoted substantial research 


in that area of utilization. The history of 
the nickel-cadmium battery is the subject 
of an article which includes descriptions 
of beginning research in 1899, first com- 
mercial development in 1912, and recent 
developments.? 


2 Atkinson, G. Scott. A Short History of 
the Junger-Nife Nickel-Cadmium Battery. Elec- 
trochem. Tech., v. 4, No. 7-8, July-August 1966, 
pp. 431-438. 


Calcium and Calcium Compounds 


By Paul M. Ambrose and Donald E. Eilertsen °’ 


Outputs of calcium metal, calcium chlo- 
ride, and calcium-magnesium brines con- 
tinued to hover at high levels. Imports of 


calcium metal increased fivefold over 1966 
while imports of calcium chloride were the 
largest on record. 


DOMESTIC PRODUCTION 


Calcium metal output continued at a 
high level. 

Production of natural and 
solid forms of calcium chloride totaled 
710,200 short tons, calculated as 75 per- 
cent chloride equivalent. 


synthetic 


Production of natural and synthetic cal- 
cium chloride brine and calcium-magne- 
sium chloride brine (about 40 percent 
chloride), excluding those used to produce 
granular forms, totaled 509,500 short tons. 


Producers of calcium metal, calcium chloride, and calcium-chloride-bearing brines were as follows: 


Material and company: Location 
Calcium metal: 
Minerals, Pigments and Metals Division of Chas. Pfizer & Co.. Canaan, Conn. 


Natural calcium chloride: 


The Dow Chemical Coo 
Michigan Chemical Corp 
Wyandotte Chemical Corp................ 


Synthetic calcium chloride: 


JJ Wyandotte, Mich. 


r LAE AEE Ludington and Midland, Mich. 


St. Louis, Mich. 


Industrial Chemical Division, Allied Chemical Corp............ Syracuse, N.Y. 


Chemical Division, Pittsburgh Plate Glass Co 


EE Barberton, Ohio 


Natural calcium-chloride and calcium magnesium chloride brine: 


Chloride Products, Inc ..----------------- 
Imperial Thermal Products, Inc............ 
Leslie Salt Co. (California Salt Co.)) 
National Chloride Company of America 
The Dow Chemical Co ------------------- 
Michigan Chemical Cord 
Morton Chemical Co. .................... 
Wilkinson Chemical Cord 
Wyandotte Chemicals Cord 


Inorganic Chemical Division of FMC Corp 


%% RE HANE za Ze, Manistee, Mich. 
C m Mayville, Mich. 
3 TE TEET EAS Wyandotte, Mich. 
Se ees Charleston, W. Va. 


FFF Niland, Calif. 

EEEE E Do. 

sp DOC Amboy, Calif. 
D 


o. 
oO hen fated Cae she m S ke Ludington and Midland, Mich. 


St. Louis, Mich. 


Synthetic calcium chloride and calcium-magnesium chloride brine: 
Industrial Chemical Division, Allied Chemical Corp Syracuse, N.Y. 


Chemical Division, Pittsburgh Plate Glass 
Hooker Chemical Corp ios tolli ee 
Reichhold Chemicals, Inne 


Production of all forms of natural cal- 
cium and calcium- magnesium chlorides 
(solid, flake, and liquids), calculated at 75 
percent chloride equivalent, averaged 552, 
000 tons annually for the period 1963-67. 
The annual average value was $11.3 million 
($20.58 per ton) for the same 5-year 
period. 


DEP Do. 


JJ a a Barberton, Ohio 


Tacoma, Wash. 


The Bureau of the Census, Department 
of Commerce reported total shipments in- 
cluding interplant transfers for 1966 as 
follows: Calcium chloride, solid (73 to 75 
CaCl.) and flake (77 to 80 percent CaCl) 

1 Mineral 


Mineral 
Studies. 


2 Commodity specialist, Division of Mineral 
Studies. 


specialist. Division of 
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—681,443 short tons, valued at $20.4 mil- 
lion ($29.92 per ton); brine 40 to 45 
percent CaCle)—380,499 tons, valued at 
$3.8 milion ($9.93 per ton); precipitated 
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(100 percent CaCOs) —169,816 tons, val- 
ued at $9.1 million ($53.72 per ton); and 
calcium carbide—586,966 tons, valued at 
$51.3 million ($87.40 per ton) .° 


CONSUMPTION AND USES 


Calcium was used to remove oxygen and 
halogens from metal compounds in produc- 
ing metals that were otherwise difficult to 
recover as relatively pure products, and 
it was used to remove sulfur, phosphorus, 
oxygen, and other nonmetals from molten 
metals. In the organic chemical industry, 
calcium was used as a reducing agent and 
as a dehydrating agent, and in the re- 
moval of sulfur from some hydrocarbons. 
It was used to separate nitrogen from 


argon. In the form of the hydride it was 
a valuable portable source of hydrogen re- 
leased when the hydride reacted with 
water. Organocalcium compounds are used 
in lubricants, corrosion inhibitors, deter- 
gents, and for other purposes. 

The uses of calcium chloride were de- 
icing, dust control, concrete treatment, in- 
dustrial uses (including synthetic rubber, 
paper, and oilfield drilling), brine refrig- 
eration, and tireweighting material. 


PRICES AND SPECIFICATIONS 


Prices obtained from the producing com- 
pany for commercial-grade calcium metal, 
over 99 percent calcium, in 1966 ranged 
from $0.95 per pound for full crowns, 
2,000 pounds and over, to $3 per pound 
for less than 100-pound quantities of turn- 
ings. Other products and quantities were 
between these limits. Redistilled-grade cal- 
cium 99.9 percent calcium with up to 0.5 
percent magnesium ranged from $1.50 


per pound for broken crowns in lots of 


6,000 pounds or more to $5 for V$-inch 


nodules in lots of less than 100 pounds. 
The price of other size lots of broken 
crowns, -inch metal and 6-mesh nod- 
ules, were between these limits depending 
on quantity purchased. 

Most calcium chloride (CaCle) prices 
were increased over $1 per ton of con- 
tained chloride on October 1, 1967. 


Table 1.—Price quotations for calcium chloride in 1967 ! 
(Per short ton) 


Compound 


Concentrated flake or pellet, 94 to 97 percent CaCle (paper bags, carlots, at works, freight 


equalized) 


Concentrated flake, 77 to 80 percent CaCl: (paper bags, carlots, at works, freight equalized) - 
Powdered, 77 percent minimum CaCl: (paper bags, carlots, at works, freight equalized) - ` - 
Liquor, 40 percent CaCl: (tank cars, freight equalized) 


Jan.3 Dec. 26 


227 P $43.00 $44.50 
34.00 36.25 
41.00 42.25 
14.50 15.00 


Granulated CaCl: U.S.P. (225-pound drums, freight equalized) remained constant at $0.29 
per pound in truck lots and $0.31 to 0.32 per pound in less than truck lots. 


1 Oil, Paint and Drug Reporter. V. 191, No. 1, Jan. 2, 1967, p. 12; v. 192, No. 26, Dec. 25, 1967, pp. 12-13. 


FOREIGN TRADE 


Canada was the only country that ex- 
ported calcium metal to the United States. 
Almost five times as much metal was im- 
ported in 1967 compared with 1966 im- 
ports. Countries supplying calcium chlo- 
ride for consumption were Belgium-Luxem- 
bourg, 51 percent; Canada, 35 percent; 
United Kingdom, 6 percent; West Ger- 
many, 4 percent; and Japan, 4 percent. 
The 3,968 pounds from Sweden was not 
significant. 


Other principal imports of calcium com- 
pounds in 1967 included 11.6 million 
pounds of dicalcium phosphate mostly 
from Belgium-Luxembourg; 16.7 million 
pounds of calcium carbide all from Can- 
ada; 33 million pounds of calcium cyanide 
mostly from Canada; 53.8 million pounds 


3U.S. Department of Commerce. Bureau of 
the Census. Industry Division. Inorganic Chemi- 
cals and Gases, 1966. Current Ind. Rept. Series 
M28A(66)-13, Mar. 20, 1968, p. 11. 


CALCIUM AND CALCIUM COMPOUNDS 


of crude calcium borate mostly from 
Turkey; and 23 million pounds of whiting 
mostly from United Kingdom, Belgium- 
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Luxembourg, and France. An additional 
total of 9.8 million pounds of other cal- 
cium chemicals was imported. 


Table 2.—U.S. imports for consumption of calcium and calcium chloride 


Year 


Calcium Calcium chloride 
Pounds Value Short tons Value 
28,219 $27,616 8,658 $99,751 
85,941 72,176 r 2,499 r 81,012 
423, 631 370, 407 4,885 157, 570 


WORLD REVIEW 


Canada.—Dominion Magnesium, Ltd., 
in Haley, Ontario, was the only Canadian 
producer of calcium. Revised data for pro- 
duction and value in 1965 are 159,434 
pounds valued at Can$152,848.* Produc- 
tion for 1966 was 249,179 pounds valued 
at Can$245,125, and for 1967, estimate, 
622,237 pounds valued at Can$591,125.5 


U.S.S.R.—Large deposits of Iceland spar 
were reportedly being mined in the Evenk 
region of central Siberia. This spar some- 


times has yellowish or violet hues and 
Soviet scientists were investigating ways of 
improving the color? 


United Kingdom.— Calcium carbide was 
being replaced by naphtha as a less expen- 
sive source of acetylene in the United 
Kingdom. Imports of calcium carbide to 
Britain in 1965 were 281 million pounds; 
34 percent greater than in 1964. Four 
naphtha crackers with a total annual ace- 
tylene capacity of almost 300 million 
pounds were under construction in 1966.’ 


TECHNOLOGY 


Introducing fine feed through hollow 
electrodes in the manufacture. of calcium 
carbide resulted in cooler electrode opera- 
tion, a decrease in electrode consumption, 
a lower energy requirement and less dust 
loss.? | 

The addition of calcium carbide to basic 
oxygen steel heats permitted increased use 
of scrap. Normally, the quantity of cold 
charge is limited to 28 to 30 percent of the 
heat, but the use of 20,000 pounds of cal- 
cium carbide made it possible to charge 
102 tons of scrap in a 200-ton heat. This 
was an increase of 70 precent over normal 
scrap usage. At least one 185-ton batch 
contained a record 61.7 percent scrap but 
required 30,000 pounds of calcium carbide. 
The use of carbide resulted in some reduc- 
tion in rate of production since blowing 
time was about 12 percent longer for a 
typical heat, but because of the low cost 
of scrap there might be a cost reduction 
under certain conditions.? 

A process was developed for producing 
substantially anhydrous pellets of calcium 


chloride from semianhydrous chloride par- 
ticles in a weight ratio of 8 to 30 times 
that of a 50-percent-chloride solution that 
was sprayed on them. Hot particles were 
sprayed with a hot solution maintained 
within 25? C of its atmospheric boiling 
point. The mass was subjected to a tum- 
bling rolling action while being sprayed 
in the presence of drying flue gases capa- 
ble of drying them and producing larger 
semianhydrous pellets that were screened 


*Jackson, W. H. Calcium. Preprint ch. of 
Canadian Minerals Yearbook, 1966, 3 pp. 

5 Dominion Bureau of Statistics (Canada). 
Canada's Mineral Production, Preliminary Esti- 
mate 1967. Catalogue No. 26-202, Jan. 2, 1968, 


4 pp. 

$ Industrial Minerals (London). Iceland Spar 
in Siberia. No. 1, October 1967, p. 28. . 

7 Chemical & Engineering News. Chemicals 
Brighten U.K.'s Trade Imbalance. V. 44, No. 7, 
Feb. 14, 1966, pp. 52—53. 

8 Hamby, D. E. Hollow Electrode System for 
Calcium Carbide Furnaces. J. Metals, v. 19, No. 
1, January 1967, pp. 45-48. 

9 Chemical Engineering. Carbide Lets Steel- 
makers Use More Scrap Metal. V. 73, No. 19, 
Sept. 12, 1966, p. 112. Iron Age, New Steel- 
making Method Uses 7095 More Scrap. V. 197, 
No. 24, June 16, 1966, p. 31. 
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and dried with any semidry material being 
returned to the head of the circuit.!“ 
The action of calcium chloride and rock 
salt on ice, including lowest temperature 
at which ice can be melted, rate of solu- 
bility, moisture attraction, heat of solution, 
and character of solution, was presented in 
a brief table. Two popular mixes for de- 
icing, using flake and granular calcium 
chloride with rock salt, were presented. By 
volume one part of flake chloride and two 
parts of salt, or one part of granular or 
pellet chloride and three parts salt were 
recommended for temperatures not too 
far below freezing to start brine formation 


10 Wilcox, Le Roy A., and Albert C. 
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and increase the melting rate. At lower 
temperatures or when heavy snow or ice 
accumulations were to be removed the 
proportion of calcium chloride to salt was 
increased. Equal parts of flake chloride 
and salt, or two parts granular or pellet 
chloride and three parts salt, were recom- 
mended 17 


Speer 
(assigned to The Dow Chemical Co., Midland, 
Mich.). Method of Producing Calcium Chloride 
Pellets. U.S. Pat. 3,250,593, May 10, 1966. 


11 Calcium Chloride Institute News. Mixtures 
I the Wheels Turning. V. 16, No. 8, 1966, 
pp. 3-5. 


Carbon Black 


By W. B. Harper 


Total shipments of carbon black de- 
creased 4.8 percent in 1967 as a result of 
a softening in domestic demand due to 
strikes in the tire and automobile indus- 
tries, and a drop in exports. 

Use of carbon black in the rubber in- 
dustry overshadowed, by far, all other 
uses of blacks, accounting for 93.5 percent 
of the domestic sales in 1967. With the 
demand for tires and tubes tapering off 
as a result of reduced sales of passenger 
cars and trucks, carbon black shipments 
to the rubber manufacturers in 1967 de- 
clined 2.8 percent, and total domestic 
sales were 2.7 percent below the 1966 
level. 


Carbon black plants operated at 80.1 
percent of capacity in 1967 compared 
with 87.8 percent in 1966. During 1967, 
however, daily capacity for carbon black 
manufacture expanded 5.9 percent. 

There was also a significant buildup 
in inventories at the producer level. Com- 
pared with the year earlier, stocks of car- 
bon black as of December 31, 1967, were 
up 31 million pounds or 13 percent and 
at the highest level in 5 years. 

The average value of carbon black at 
the plant in 1967 was 7.17 cents per 
pound, unchanged from the previous 
year. 


Table 1.—Salient statistics of carbon black produced from 
natural gas and liquid hydrocarbons in the United States 


(Thousand pounds) 


1963 


Production: 
Channel processes. 
Furnace process 


179,012 
1,879,904 2,053,297 2,205,867 2,418,435 2,334,420 


1964 1965 1966 1967 


169,919 147,909 153,117 149, 420 


˖ů·ͤ·ĩõĩ?[0ͤ ð K 2,058,916 2,223,216 2,353,776 2,571,552 2,483,840 
Shipments: 

Domestic sales 1,727,420 1,911,494 2,072,500 2,277,595 2,216,145 

LN Ae WEE 370,928 333, 907 74, 608 297,280 236,084 

Total... ul on 8 2,098,348 2,245,401 2,347,108 2,574,875 2,452,179 

ches ae hee LEE 592 910 135 1,236 559 

Ree of producers, December 31__ _ 254,216 231,171 237, 704 233,145 264,247 

alue: 
Production thousand dollars. . 147,824 155,761 166,111 184,308 178,158 
Average per pound. ............. cents 7.18 7.01 7. 06 7.17 7.17 


The volume of natural gas used as 
feedstock continued to decline in 1967. 
Although Louisiana used more natural 
gas as feedstock, declines in Texas and 
other carbon black producing States more 
than offset that increase. The cost of 
natural gas used in the manufacture of 
carbon black declined for the second year. 
There was also a moderate reduction in 
the use of liquid hydrocarbons as a feed- 


stock for carbon black manufacture, the 
first since 1961 (from 433.7 million gal- 
lons in 1966 to 421.3 million, or 2.9 per- 
cent). In another significant development, 
the average yield of carbon black from 
a gallon of liquid hydrocarbons expanded 
to a record high of 4.79 pounds of black. 


1 Mineral specialist, Division of Mineral 


Studies, 
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Figure 1. Production by State, shipments by use, and 
exports, and stocks of carbon black. 


CARBON BLACK 
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PRODUCTION AND CAPACITY 


Production by States.—Carbon black 
production in 1967 totaled nearly 2,483.8 
million pounds, a decrease of 87.7 million 
pounds or 3.4 percent below the 1966 
volume. Texas continued to account for 
most of the output but Louisiana made 
inroads on the leader. In 1963, for exam- 
ple, Texas accounted for 53.7 percent of 
the total carbon black output, whereas 
in 1967, the state provided only 48.9 per- 
cent. During the same period, Louisiana 
expanded its output from 31.5 percent 
of the total to 37.2 percent. 

Both furnace and channel blacks, were 
produced in 1967 with output of furnace 
blacks reported in eight grades: Semire- 
inforcing furnace (SRF); high modulus 
furnace (HMF); general-purpose furnace 
(GPF); fast extrusion furnace (FEF); 
high abrasiom furnace (HAF); super- 


abrasion furnace (SAF); intermediate- 
abrasion furnace (ISAF); and the ther- 
mal. The thermal grade is not strictly 
comparable to the other seven grades, but 
is included as one of the furnace grades 
in the report. Production and shipments 
by months and types are given in table 3. 


Production by Grades and Types.—The 
furnace process, accounted for some 94 
percent of the total production. The HAF 
and the ISAF grades accounted for about 
half of tht total furnace blacks produc- 
tion; a pattern that has prevailed for 
more than a decade, although the most 
rapid rate of growth is found in the ISAF 
category. Production of carbon black 
from the channel process was 149.4 mil- 


lion pounds, 2.4 percent below the output 
in 1966. 


Table 2.—Carbon black produced from natural gas and liquid 
hydrocarbons in the United States, by States 


(Thousand pounds) 


State 1963 1964 
Louisiana 649, 170 725, 669 
Teds 1, 105, 189 1,165,593 
Other States 304,557 331,954 

Total... ` 2,058,916 2,223,216 


Change 
1965 1966 1967 from 1966 
(percent) 
820,552 899,178 923,286 +2.68 
1,172,693 1,296,292 1,214,349 —6.32 
360,531 876,082 346,205 — 7.94 
2, 353, 776 2, 571, 552 2, 483, 840 — 3.41 
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CARBON BLACK 


Number and Capacity of Plants.—The 
total daily production potential of carbon 
black plants in the United States ex- 
panded impressively in 1967, some 475,- 
000 pounds or 5.9 percent. Capacity in 
Texas increased nearly 200,000 pounds 
per day or 4.8 percent. Facilities in 
Louisiana capable of producing 2,964,700 
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pounds per day were in operation at the 
end of 1967. This represented an increase 
in the Louisiana daily capacity of 244,- 
000 pounds or 8.9 percent. There was no 
change in the number of plants operating 
in Texas, but a new channel black pro- 
ducing facility began to operate on a 
modest scale in Louisiana. 


Table 4.—Number and capacity of carbon black plants operated 
in the United States 


Number of plants 


Total daily capacity 
ds) 


State or County or (poun 
district Parish 1966 1967 
Channel Furnace Channel Furnace 1966 1967 
Arans as — 1 — 1 
Carson 1 — 1 — 
Ector- 1 — 1 — 
Gaines 1 — 1 — 
Gray-. .. — 1 — 1 
Harris — 1 — 1 
Texas. Howard — 2 — 2 4,072,300 4, 270, 900 
Hutchinson 1 4 1 4 
Montgomery — 1 — 1 
Moore — 1 — 1 
Orange — 1 — 1 
% — 1 — 1 
Wheeler — 1 — 1 
Total Texas. s 4 14 4 14 4,072,300 4, 270, 900 
| Avoyelles . — ee 1 mum 
Calcasieu......... — 1 — 1 
Louisiana........ Evangeline — 1 — 1 2,721,000 2,964,700 
Ouachita. .. .... — 2 1 2 
St. Mary -------- — 3 — 3 
Total Louisiana — 8 1 8 2,721,000 2,964,700 
Arkansas ee WEE — 1 m u 1 e i 
: : Contra Costa — 1 — 1 
California Kern = 2 = 2| 1,230,000 1,262,600 
Kansas. Grant. con — 1 — 1 
New Mexico. .... CCT 1 1 1 1 
Oklahoma Kay... - — 1 — 1 
Total. 1 7 1 7 1,230,000 1, 262, 600 
Total United States. 5 29 6 29 8,028,800 8,498,200 


Materials Used and vields. Liquid 
hydrocarbon feedstocks totaling some 
421.3 million gallons, were used to pro- 
duce about 2,018 million pounds of car- 
bon black during 1967 or 81.2 percent of 
the total output. Yields also improved 
in 1967 with the average 4.79 pounds 
per gallon as compared with 4.72 pounds 


in the preceding year. Conversely, natural 
gas supplied 18.7 percent of the feedstocks 
compared with 20.4 percent in 1966 and 
the average yield per thousand cubic feet 
of natural gas shrunk from 5.75 pounds 
per thousand cubic feet to 5.54 pounds 
in 1967. 
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Table 5.—Carbon black and the feedstocks used in its production, by States 
Louisiana Texas Other Total 
States ! 
1966: 
Carbon black production: 

Otal hee re thousand pounds 899, 178 1,296,292 376,082 2,571, 552 
Value thousand dollars.. 60, 467 100,022 28,819 184,308 
Average value cents per pound.. 6.72 7.72 6.33 7.17 

Natural gas used: 
e OR ete million cubic feet 22, 100 48,541 20,5183 91,154 
Male. ct thousand dollars. . 3,486 6,598 3,085 13,169 
Average value. cents per thousand cubic feet. 15.77 13.59 15.04 14.45 
Carbon black produced. thousand pounds.. 286,627 145,987 91,350 523,964 

Liquid hydrocarbons used: 
Total: AAA eret thousand gallons__ 135,133 243 , 788 54,779 433 , 700 
VE IN thousand dollars. . 10,132 16,867 3,759 80,758 
Average value cents per gallon. . 7.50 6.92 6.86 7.09 
Carbon black produced. thousand pounds.. 612,551 1,150,305 284, 732 2,047,588 

1967: 

Carbon black production: 

otal recia ees thousand pounds 923,286 1,214,349 346,205 2,483,840 
Value; thousand dollars ` 61, 092 94, 565 22, 501 178,158 
Average value ....cents per pound 6. 62 7.79 6.50 7.17 

Natural gas used: i 
Total 226252 obo. aai million cubic feet 23,148 42,869 18,051 84,068 
Values. -2-222-22-2222 thousand dollars 3,690 5,644 2,785 12,119 
Average value. cents per thousand cubic feet. 15.94 13.17 15.43 14.42 
Carbon black produced. . thousand pounds. . 292,518 92,659 80,328 465,505 
Liquid hydrocarbons used: 
l! ĩðͤ n gannan thousand gallons.. 129, 403 240, 335 51, 548 421, 286 
ile thousand dollars 9,542 16,872 3,361 29,775 
Average value cents per gallon. . 7.37 7.02 6.52 7.07 
Carbon black produced thousand pounds.. 630,768 1,121,690 265,877 2,018,335 


! Arkansas, California, Kansas, New Mexico, and Oklahoma. 


Table 6.—Natural gas and liquid hydrocarbons used in manufacturing 
carbon black in the United States and average yield 


1963 1964 1965 1966 1967 
Natural gas uaed __--------------- million cubic feet. 117,378 106,759 93,296 91,154 84, 068 
Average yield of carbon black per thousand cubic 
EE pounds 4. 63 5. 38 6.36 5.75 5.54 
Average value of natural gas used per (housand 
cubic fee. 88 cents. 12.70 13.34 14.59 14.45 14.42 
Liquid hydrocarbons used thousand gallons. . . 833,103 354,874 389,173 433,700 421,286 
Average yield of carbon black per gallon. . pounds 4.55 4.65 4.52 4.72 4.79 
Average value of liquid hydrocarbons used per 
h oS er c e cents.. 6.66 6.79 6.86 7.09 7.07 
Number of producers reporting 9 9 9 9 9 
Number of plante ee 39 37 34 34 35 


CONSUMPTION AND USES 


Reflecting the impact from a softening 
economy and strikes in the tire and auto- 
mobile industries, domestic sales of car- 
bon black were 2,216 million pounds or 
61 million pounds below the volume sold 
in 1966. Exports of carbon black also de- 
clined 61 million pounds to 236 million 
or 20.6 percent for the year. In this in- 
stance, however, the drop was attribut- 
able in large part to a startup of carbon 
black plants abroad which negated a need 
to import from the United States and 
other carbon black producing countries. 


The rubber industry again accounted 
for the bulk of carbon black used (about 
94 percent), but the quantity consumed 
decreased by 58.6 million pounds or 2.8 
percent. The printing industry was the 
second largest consumer even though it 
accounted for only 2.9 percent of domes- 
tic consumption and its use in this field 
at 63.9 million pounds, was virtually un- 
changed from the volumes consumed in 
1966. 

Manufacturers of printing inks are in 
the market for two major types of carbon 


CARBON BLACK 


black. “Short-ink,” used in manufactur- 
ing inks for printing newspapers, was 
made from oil-furnace blacks. ‘‘Long-ink,” 
blacks used in lithographic or halftone 
printing inks, require a high quality type 
of product produced by the channel 
process. 

The plastics industry used 20.9 million 
pounds of carbon black in 1967, a million 
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pounds less than in 1966. Carbon black 
was also used in the manufacture of 
specialty papers, as a tinting agent, as an 
anticaking agent in cement and fertilizers, 
as a pigment in cement work, and in the 
confectionary and cosmetic industries. It 
was also an important ingredient in 
liquid oxygen explosives. 


Table 7.—Sales of carbon black for domestic consumption in the United States, by uses 


(Thousand pounds) 
Change 
Use 1963 1964 1965 1966 1967 from 1966 
(percent) 
Chemical............ 7,288 10,259 8,447 1) A (!) 

ITT na 46,471 45,688 54,333 63,682 63,963 +0.4 
Pink 13,008 17,982 10,896 11,959 12,553 4-5.0 
|y j|]. Mrs 8,721 8,004 7,649 6,108 5,658 —7.4 
Plas ties 8,539 12,281 20,183 21,945 20,907 —4.7 
Rubber 1,629, 905 1,789 , 432 1,945,459 2,131,169 2,072,543 —2.8 
Miscellaneous 13, 488 27, 848 25,533 42, 732 „521 — 5.2 
Total 1,727,420 1,911,494 2,072,500 2,211,595 2,216,145 —2.7 


1 Chemical and food combined with “Miscellaneous” in 1966 and 1957 to avoid disclosing individual 


company confidential data. 


STOCKS 


The continued high rate of production 
coupled with a softening in demand dur- 
ing 1967 caused an increase in the year- 
end stocks of 31 million pounds, 13.3 
percent above the 1966 level. 

Stocks of carbon black produced by the 
thermal process declined sharply in 1966 
but built up during 1967, and by the 


close of the year totaled 26.9 million 
pounds compared with 9.6 million at the 
end of 1966. Channel black stocks in- 
creased 8.7 million pounds in 1967 and 
stocks of the semireinforcing grade of car- 
bon black were 8.3 million pounds 
higher. 


Table 8.—Producers’ stock of channel- and furnace-type blacks 
in the United States, December 31 


(Thousand pounds) 


Furnace 
Year 

SRF! HMF! GPF! FEF! HAF! 

1963. 31,101 7,927 21,129 28,187 61,473 
1964. 39,200 9,284 26,166 20,641 46,230 
1965. 34,828 7,291 20,385 23,275 48,644 
1966... 35,479 5,570 15,709 21,411 58,344 
1967. 48,747 4,916 18,669 20,029 58,688 


1 For explanation, see footnotes to table 3. 


Chan- Grand 
nel total 

SAF! ISAF! Thermal Total 

4,115 50,391 6,888 205,611 48,605 254,216 
5,184 36,062 5,529 188,196 42,975 231,171 
4,277 35,506 22,885 197,041 40,668 237, 704 
4,925 43,801 9,615 189,854 48,291 233, 145 
6,284 37,951 26,943 212,227 652,020 264,247 


FOREIGN TRADE 


The U.S. export market for carbon 
black has been sharply curtailed as a 


result of increased production abroad. 
Exports in 1967 were 236 million 
pounds, less than half the volume 


shipped abroad in 1960. 
Although the European countries have 


made substantial gains in the production 
of carbon black, they still represent the 
best export market for the United States. 
Shipments to France, West Germany, the 
United Kingdom, and Italy accounted for 
41 percent of the 1967 export market for 
carbon black. 
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Table 9.—U.S. exports of carbon black, by countries 


(Thousand pounds and thousand dollars) 


1967 


Quantity 


27,591 
1,423 
1,792 
1,534 


32,340 


Value 


— TqW ——  —nn— J s —M —  — n 2 


9,338 
813 


10,151 


CS EE D 


1965 
Quantity Value 
North America: 

Canada- --.------------------- 17,909 $1,624 

Guatemala... 1,411 127 

Mie 8 2,767 216 

Other. oi A eee 202 19 
/ ce cet une eed 22,289 1,986 

South America: 

Argening .--.--.-------------- 9,987 1,028 

PFC!» A eds 3,712 322 

Fr 8 5, 828 568 

Colombia 11,733 1,015 

/ ³˙¹mꝛꝛ ⁰ See eL. 5,214 454 

Venezuela 1,537 151 

Other. o coc ot eee re 1,409 130 
Total. EE 39 , 420 3,668 

Europe: 

ME eener 1,263 102 
Belgium-Luxembourg.......... 4,717 424 
Denman 8 1,066 162 
Finland. l ; 605 63 
France. -------------------- 21,825 2,779 
Germany, West. .............- 37 , 595 8,045 
Greece- -------------------- 383 3 
Haly ou et see ele pels 21,919 2,262 
Netherlands 3,707 418 
Norwayee ---------—- 1,067 101 
Poland and Danzig 1,559 134 
Portugal____ __ 4n 1,866 182 
Spain- tise ee SE 2,667 887 
Sweden. AA 8 5,383 428 
Switzerland 1, 726 166 
United Kingdom 18,691 2,'104 
Yugoslavia... _---.------------ 632 69 
(913,12 SPEED m 2,984 210 

CC ͤ AA 135, 055 13, 620 
Africa: 

South Africa, Republic of 11,861 1,005 
NCP ee 1,078 103 
ell! E EAA 12,939 1,108 

Asia: 
Indid... hee ee st 22,085 1,830 
Indonesia....................- 1,274 10 
EE 907 90 

Israel. oe a 949 102 

SADAN ele oe 8 5,037 1,054 

Korea, South ` 5,683 478 

Malaysia... 1,399 117 

Pakistans 595 53 

Philippines 8,100 721 
p ose ce Dd 229 47 

Thallünd. o hou 8 2,249 191 
ukiy loco 6,400 546 

Otbherrrt!k!! x 2,125 199 
Pl!!! ³ĩV5W2 é 57,032 5,537 

Oceania: 

Australia. ..... 2. 2.2.2... 4,967 486 

New Zealand 2,906 253 
Total pi sz Llullu sloe 222 7,873 739 
Grand totallll 274,608 26,658 


1966 
Quantity Value 
45,243 $3,511 
2,479 220 
2,698 256 
209 24 
50,629 4,011 
8,295 352 
6,321 555 
4,921 464 
8,345 157 
6,087 531 
1,527 150 
1,684 154 
32,180 2,963 
750 61 
5,471 495 
969 171 
656 67 
39,287 8,979 
85,225 2,809 
717 59 
15,862 1,797 
2,890 384 
747 69 
2,537 251 
2,324 229 
4,332 470 
5,089 388 
2,784 247 
17,436 2,506 
632 82 
242 29 
137,950 14,093 
7,877 675 
2,140 196 
10,017 871 
16,117 1,285 
66 57 
3,034 296 
1,378 143 
6,300 1,248 
7,014 573 
929 77 
801 66 
10,150 904 
412 58 
3,996 338 
4,169 349 
2,472 227 
57 , 437 5,621 
4,995 474 
4,073 374 
9,068 848 
297,281 28,407 


6,472 
2,716 


9,188 


236 , 032 


24,456 


CARBON BLACK 


Table 10.—U.S. exports of carbon black 
in 1967, by months 
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On the import side of foreign trade, 
nearly 5 million pounds of carbon black 


derived from acetylene was imported 
Thousand pounds) : | 
from Canada in 1967. Another 800,000 
Month Channel e “Total pounds came from East Germany. Both 
East and West Germany supplied the 
a 5,908 15,339 21,247 United States with 139,000 pounds of 
February........ 4,161 15,609 20, 370 carbon black for use in pigments and 
March........... 4,845 17,194 22,039 imi d 
ADEL s. 4815 14355 19.470 70,000 pounds of similar blacks were ob 
May...........- 5,872 16,028 21,900 tained from the United Kingdom. Swit- 
Jüné. caendo 4,967 13,579 18,546 1 
V 4.448 12,849 11:291 zerland and Belgium accounted for some 
August. 6,805 16,0683 22.368 40,000 pounds of specialty black and 
September 4,015 12,092 16,107 im- 
Uer t M 4.373 13.712 18.085 small amounts of bone black were im 
November 5.126 15,434 20.560 ported from West Germany. 
December . 4,640 13, 703 18, 343 
Total. 60, 075 175,957 236,032 


WORLD REVIEW 


On the international scene, it is becom- 
ing increasingly apparent that foreign 
countries are steadily becoming more self- 


world. In Europe an overall uptrend in 
production was noted for France, West 
Germany, Italy, the Netherlands, Ru- 


sufficient in carbon black requirements mania, the United Kingdom, and Yugo- 
for industrial needs. There have been slavia. In South America, significant gains 
sizable increases in the production of are shown for Argentina, Brazil, and 
carbon black in Europe and South Venezuela. 
America as well as in other parts of the 
Table 11.—World production of carbon black, by countries 1 2 
(Thousand pounds) 
Country 1963 1964 1965 1966 1967 p 

Argentina 12, 820 25,132 31,967 NA 
Brazil ee 888 54,784 52,699 49,780 64,917 67,682 
PPO CC c heo ⁵ĩðVü 167,991 189,507 220,019 265,216 
Germany, Wes ttt 221,119 269,371 216,380 r 906,943 297,249 
Indid. c ROS IDE iE 26,455 N 31,901 A 
C1111. ieee ee 96,341 141,756 162 ,920 184,450 199,750 
Japán Sera le i 176,882 244,567 r 273,080 297,165 388 , 745 
Korea, South ............. 27 694 725 N 
Netherlands. 3232222 E EEE E N 114,198 136,244 153,881 164,244 
Rumania. ` _-------------------- 18,142 78,030 80,918 r 84,410 115,683 
South Africa, Republic of 21,402 26,334 29,020 NA NA 
SPS AAA cA c 2,866 8,307 8,748 NA NA 
Taiwan. s maize edens 42 434 1,40 r 1,014 NA 
United Kingdom 308, 000 338, 200 353, 400 r 365, 500 359, 000 
United States 2, 058, 916 2,223,216 2,353, 776 2,571,552 2,483,840 
Venezuela... . ..... 2. 22... -.-- 10,000 13,499 15,000 e 16,200 NA 
Yugoslavia__ _ cL... 9,438 10, , 818 11,241 r 14,462 e 15,400 

Total 3.2. --------------- 3,240,857 38,731,762 4,031,523 4,825,710 4,091,598 

e Estimate. P Preliminary. r Revised. NA Not available. 


! Australia, Belgium, Canada, mainland China, Colombia, Mexico, and Sweden produce carbon black, 
but 55 data are not available. 


ompiled mostly from data available May 1968. 
3 Total is of listed figures only; no undisclosed data included. 


TECHNOLOGY 


Carbon black is a petrochemical made 
from gaseous or liquid hydrocarbons. The 
three basic production processes are the 
channel, thermal, and oil furance process. 


The furnace process, which accounts for 
94 percent of total carbon black output, 
utilizes a carefully controlled flame in 
refractory-lined furnaces. 
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A most desirable feedstock for furnace 
black plants is an oil having 0° to 4° 
API gravity, low in sulfur, and high in 
aromatics and olefins, which comes from 
near the “bottom of the refinery barrel" 
and is similar in many respects to 
residual fuel oil These plants convert 
approximately 50 percent of their inputs 
into carbon black. The economic advan- 
tage of the oil furnace process, its 
versatility, plus the rising cost of natural 
gas have been factors in the shift to a 
greater use of liquid feedstocks and a de- 
cline in the use of natural gas as a source 
of carbon. There has been a continuation 
of the trend toward larger percentage in- 
creases in production of furnace blacks 
and declines in output of channel blacks 
which, with advancing technology, have 
resulted in all furnace blacks being pre- 
dominantly oil based. 

Some progress has been made towards 
utilizing coal as the raw material for 
making carbon black. Carbon black ob- 
tained from coal in experiments by the 
Bureau of Mines has been tested in in- 
dustrial laboratories and found “nearly 
identical’ to commercial thermal black. 
Preliminary cost estimates show that the 
process may have commerical feasibility. 

To increase the versatility of its process, 
the Bureau of Mines is now seeking ways 
in which the process can be modified to 
produce grades of carbon black other 
than thermal. Thermal black, a grade dis- 
tinguished by relatively large size parti- 
cles, is used mostly in rubber products 
requiring great resiliency or good heat 
conductivity. Grades with a smaller parti- 
cle size, on the other hand, are desirable 
in rubber products requiring strength 
and abrasion resistence, such as tire 
treads, shoe soles and heels, and conveyor 
belts. 

Commercial manufacturers of carbon 
black were supplied with samples of the 
Bureau’s product for a determination of 
its physical and chemical properties and 
its utility. Tests were also made on 
batches of rubber made with the Bureau 
of Mines’ carbon black derived from coal. 

Excouraged by the brisk demand for 
blacks for diverse applications, both in 
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this country and abroad, producers are 
expanding their plant facilities and addi- 
tional production facilities are in the 
blueprint stage. The impressive growth 
of the foreign market for carbon black 
has prompted U.S. producers to build 
more plants and enlarge others in foreign 
countnes. Domestic facilities in addition 
to new plants under construction are 
being expanded. One of the companies 
manufacturing thermal blacks has 
boosted its capacity by construction of 
new equipment to raise yields from the 
natural gas used as a raw material. 

A carbon black plant has been built 
near Parkersburg, W. Va., and closer to 
its largest market, the rubber manufac- 
turers. The new plant is not a great 
distance from Akron, Ohio, an important 
rubber goods manufacturing center. 

The Parkersburg plant, which began 
operation early in 1968, could have an 
impact on future carbon black plant con- 
struction sites and marketing. Most U.S. 
carbon black is made in plants along the 
Texas and Louisiana gulf coast, in west 
Texas, in New Mexico, and in California, 
near raw material sources. While some 
carbon black is consumed near the pro- 
ucing plants, much of it is moved long 
distances to consumers. Carbon black pro- 
ducers have initiated studies on the 
economics of locating plants nearer to 
consumers and farther from raw mate- 
rials. 

Demand for carbon black obviously is 
tied to the rubber industry, particularly 
to the synthetics, which use proportion- 
ately more of it than natural rubber. 
However, its growth rate has been higher 
than that of the rubber industry, reflect- 
ing not only the rise in synthetic rubbers 
but also the gradual increase in the car- 
bon black conient of these materials. An 
example is nitrile rubber, a copolymer 
of butadiene and acrylonitrile. Its most 
important properties and the major rea- 
son for its extensive use are oil and fuel 
resistance at both normal and elevated 
temperatures. The use of carbon black 
as a reinforcing pigment is necessary with 
nitrile rubber to achieve product specifi- 
cation requirements. 


Cement 


By Paul L. Allsman * 


Cement shipments declined slightly in 
1967, as domestic consumption slowed 
down from the amazing growth recorded 
in recent years. New plants and moderniza- 
tion of existing plant capacity continued 
as the long-term outlook for the national 
economy appeared promising. Domestic 
production of cement was 4 percent lower 
in 1967. 

Portland cement plant capacity at the 
end of 1967 was reported to be 509.0 


million 376-pound barrels, compared with 
495.2 million barrels at the end of 1966. 
The operating level decreased to 72.6 
percent in 1967, compared with 77.7 
percent in 1966 and 77.0 percent in 1965. 
Prices in 1967 rose to an average value of 
$3.17 per barrel, compared with $3.15 in 
1966. Increased competition among build- 
ing materials caused cement prices to drop, 
and producers were forced to post raises 
to improve price levels during 1967. 


Table 1.—Salient cement statistics 


1963 1964 1965 1966 1967 
United States: 
Production ! 
thousand 376-pound barrels. . 361,235 371,415 381,578 r 393, 700 377, 885 
Capacity used at portland cement 
mills 1 .. percent. . 78.4 76.5 76.8 77.8 72.7 
Shipments from mills 1 
thousand 376-pound barrels. . 358,024 975,340 384, 402 r 389, 856 381 , 824 
Value "13. thousands $1,156,890 $1,209,470 $1,221,454 '$1, 226, iia $1,210,736 
Average value 111. per barrel $3.23 $3.22 $3. 18 $3.1 $3.17 
Stocks Dec. 31: at mills ! 
thousand 376-pound barrels. . 89,496 39,761 32,942 r 40,698 41,529 
Exports do 460 713 748 1,069 980 
Imports for consumption do- 4, 030 3, 683 5, 505 7, 066 5,918 
Consumption, apparent do 361, 594 378, 260 889,159 r 395, 853 386,757 
World: Produetion S do 2,216,735 2,487,754 2, 541, 802 2 „722,561 2,818,855 
r Revised. 


1 Excludes Puerto Rico. 


2 Value received f.o.b. mill, excluding cost of containers. 


s Quantity shipped plus imports minus exports. 


Management increased the diversification 
of products and markets, as interest in 
white cement, computerized manufactur- 
ing, and allied industries such as crushed 
stone and lightweight aggregates 
heightened. Modernization policies should 
increase the consumption of cement, as 


current capitol costs for new plants are 
$5 to $8 per barrel of annual capacity, 
compared with $10 a decade ago. New 
distribution systems, transports, and bulk 
handling systems were expected to in- 
crease the use and competitive position of 
the cement industry. 


DOMESTIC PRODUCTION 


PORTLAND CEMENT 


Four new plants commenced commercial 
production during 1967. These were 
Dundee Cement Co. at Clarksville, Mo.; 
Ideal Cement Co, on the Duwamish 


Waterway, Seattle, Wash.; Medusa Port- 
land Cement Co., at Charlevoix, Mich.; 


1Commodity specialist, Division of Mineral 
Studies. 

2 Schenck, George H. K., and Peter G. Donald. 
Cement—An Industry in Flux. Min. Eng., v. 


19, No. 4, April 1967, pp. 85-89. 
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and Pacific Western Industries, Inc., at 
Lebec, Kern County, Calif. 

New plants under construction included 
the $20 million Martin Marietta Corp. 
(Rocky Mountain Cement Co.) plant at 
Lyons, Colo; the 1. 7-million- barrel 
Kaiser Cement & Gypsum Corp. plant 
at Scholle, N. Mex.; the 6-million- barrel, 
$40 million Ideal Cement Co. plant at 
Redwood City, Calif.; the 2.5-million- 
barrel Kaiser Cement & Gypsum Corp. 
plant on the Duwamish Waterway, Seattle, 
Wash.; the 4-million-barrel, $20 million 
Lone Star Cement Corp. plant at Green- 
castle, Ind.; the 1-million-barrel, Better- 
roads, Inc., plant at Artesia, Miss., to be 
completed in 1968; and the $11 million 
Rochester Portland Cement Corp. plant 
at Stony Point, N.Y. 

Plans were announced for three new 
production plants. American Cement 
Corp. made plans for a new 3-million- 
barrel plant at Ione, Amador County, 
Calif. to be built in 3 to 5 years. Creole 
Corp., a subsidiary of Texas Industries, 
Inc., planned a 3-million-barrel plant near 
Plaster City, Imperial County, Calif. 
Maule Industries, Inc., announced con- 
struction of a 2-million-barrel plant near 
Miami, Fla., to be completed in 1968. 

Twelve major plant expansions or 
modernizations were either underway in 
1967 or due to begin shortly: Alpha 
Portland Cement Co., Orange, Tex.; Ideal 
Cement Co., Houston, Tex.; Lone Star 
Cement Corp., Davenport, Calif., and 
Seattle, Wash.; Martin Marietta Corp., 
Bay City, Mich.; Medusa Portland Cement 
Co., Manitowoc, Wis.; National Gypsum 
Co. (Huron Portland Cement Co.), 
Alpena, Mich.; Northwestern States Port- 
land Cement Co., Mason City, Iowa; 
Oregon Portland Cement Co., Lake 
Oswego, Oreg.; Portland Cement Co. of 
Utah, Salt Lake City, Utah; River Ce- 
ment Co., Festus, Mo.; Universal Atlas 
Cement Division, United States Steel 
Corp., Waco, Tex. 

Ideal Cement Co. announced the closure 
of its plants at Grotto, Wash., Spokane, 
Wash., and Gold Hill, Oreg. These three 
plants had a capacity of 2.1-million-barrels, 
and are replaced by its new Duwamish 
Waterway plant with a capacity of 2.5- 
million-barrels. Lone Star Cement Corp. 
announced it would close its plant at 
Concrete, Wash., to be replaced by ex- 
pansion of its Seattle plant to 4-million- 
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barrels; plans for a new plant at 
Anacortes, Wash., were canceled. Lone 
Star Cement Corp. also announced it 
intended to close mariginal plants at 
Hudson, N. Y., Lake Charles, La., and 
Dallas, Tex. Martin Marietta Corp. can- 
celed plans for a new cement plant at 
Milan, Mich., owing to drainage problems 
which developed in excavating the quarry. 
Louisville Cement Co. sold 1,350 acres of 
limestone reserves it had acquired for a 
new cement plant near Roanoke, Va., 
because of opposition of local residents to 
quarrying. 

Cement producers attempted to meet 
the competition from other building mate- 
rials by continuing to improve products 
and manufacturing processes. Ash Grove 
Lime & Portland Cement Co. completed 
a laboratory for analysis of cement, lime, 
mortars, aggregates, and related materials 
at Kansas City, Kans. Martin Marietta 
Corp. planned an institute for research on 
cement, lime, and refractory materials 
near Baltimore, Md.; the 20, 000-square- 
foot facility is estimated to cost 8750, 000. 
The Portland Cement Association enlarged 
its Research and Development Labora- 
tories in Skokie, Ill, with the addition of 
a $1.5 million building to house the 
general offices of the Association. 

The trend toward larger, fully in- 
tegrated, and automated plants with their 
consequent low production costs continued. 
Dundee Cement Co. opened a 7-million- 
barrel plant, and Huron Portland Cement 
Co. completed its expansion to 18 million 
barrels. Kaiser Cement & Gypsum Corp’s. 
8.5-million-barrel plant at Permanente, 
Calif., was described along with several 
other modern plants.? 

The number of portland cement plants 
in the United States (including Puerto 
Rico) in 1967, by size group follows: 


3 Bergstrom, John H. Maximum Efficiency with 
Minimum Manpower (Ideal Cement Co., Seattle, 
Wash.). Rock Prod., v. 70, No. 10. October 
1967, pp. 74-82. 

Kinard, John. This Business Demands a 
Thick Hide and Strong Beliefs (Pacific Western 
Industries, Inc.). Rock Prod. v. 70 No. 5, May 
1967, pp. 104-105, 108, 140. 

Levine, Sidney. Santee Surges Into South- 
east Cement Market. Rock Prod., v. No. 2, 
February 1967, pp. 65-68, 70-72. 

Minerals Processing. One Mill Feeds Six Kilns 
(Kaiser Cement and Gypsum Co., Permanente, 
Calif.). V. 8, No. 8, August 1967, pp. 36-37. 

Taeler, David H. Marquette-Catskill Miner. 
Proc., v. 8, No. 5, May 1967, pp. 14-18. 
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Estimated annual capacity of portland 
cement plants in the United States 
3 Puerto Rico) December 31, 


Number Percent 

Million barrels of plants of total 

capacity 
Less than 1.............- 111 1.5 
LO Bo 2 59 17.3 
LN e EEN 52 24.5 
/ ĩ; A 40 26. 6 
e he ree eet 12 10.0 
5 and over. 14 20.1 
Total, 188 100.0 


1 Two plants received clinker from other sources. 
2 One plant received clinker from other sources. 
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NATURAL AND SLAG CEMENTS 


Natural cement was produced at two 
plants, and slag cement was produced at 
two others. These four plants reported an 
annual capacity of approximately 1 mil- 
lion barrels. 

Because masonry cements prepared at 
these plants contained some portland 
cement, they are included in the tabula- 
tions of masonry cements prepared at 
portland cement plants. Production 
figures from 1957 to 1967 are not strictly 
comparable with those of earlier years 
because of changes in methods of reporting 
by some producers. 


TRANSPORTATION 


New cement distribution terminals were 
completed by Huron Portland Cement Co., 
at Minneapolis, Minn. and Buffalo, N. 
Y.; Texas Industries, Inc., at Jackson and 
Tupelo, Miss.; General Portland Cement 
Co., at Statesville, N. C.; River Cement 
Co., at Natchez, Miss.; Kaiser Cement & 
Gypsum Corp., at Tyler, Tex.; American 
Cement Corp., at Sacramento, Calif.; 
Rocky Mountain Cement Co., at Florence, 
Colo.; and Idaho Portland Cement Co., 
at Heyburn, Idaho. 

Dundee Cement Co. announced a net- 
work of eight new distribution centers to 
service its new plant at Clarksville, Mo. 
These were to be at New Orleans, La.; 
St. Louis, Mo.; Quad City, III.; Rock 
Island, Ill.; West Chicago, Ill.; Nashville, 
Tenn.; Houston, Tex.; and Minneapolis- 
St. Paul, Minn. The company also awarded 


a $4 million contract for a fleet of 34, 
Jumbo covered, 7,500-barrel, hopper 
barges for use on the Mississippi River. 

Medusa Portland Cement Co. converted 
a ship to a self-unloading cement carrier 
for use at its new Charlevoix, Mich., 
plant as well as other Great Lakes plants. 
The 11,000-ton vessel was named the 
Medusa Challenger, and was refitted at 
Manitowoc, Wis., with an 8,000-barrel- 
per-hour unloading conveyor. 

The modern cement truck transport 
fleet operated by Herman Bros., Inc., 
from Omaha, Neb., was described. Nearly 
100 tankers deliver cement on order to 
highway paving and large construction 
works throughout the Midwest. This type 
of truck fleet represents the efficient trans- 
portation system which the modern cement 
industry relies on.* 


CONSUMPTION AND USES 


The use of concrete for heavy structures 
in place of steel continued to grow, as 
many new contracts were awarded for 
dams, bridges, and large buildings. The 
new U.S. Post Office in Phoenix, Ariz., 
utilized a unique flat-slab concrete roof 
construction, set on capitals, which pro- 
ceded from the center outwards. Reuse of 
steel forms and precasting of columns 
made the use of concrete economical.5 

Oilwell cement grew increasingly 
popular, and constituted a major market 
in southern California. New ASTM and 
API specifications were written creating a 


Class G cement, following years of research 
by Southwestern Portland Cement Co. 
and Riverside Division of American Ce- 
ment Corp. This is a practical new class 
of cement that should find increasing use 
in anchoring surface pipe, sealing off 
water and oil strata, and oilwell cementa- 
tion.® 

The growing use of pozzolanic cements, 


4 Roads and Streets. Meet the Hermans: They 
Keep the Cement Coming. V. 109, No. 12, 
December 1967, pp. 28-29, 58. S 

5 Engineering News-Record. Flat Slab Starts 
in the Middle. V. 178, No. 25, June 22, 1967, 


p. 20. 
6 Harder, Paul. Oilwell Cement—Something 
Special in Reliability. Miner. Proc., v. 8, No. 
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which are highly reactive with a great 
variety of materials, was in evidence dur- 
ing the year. Pozzolanic cements are widely 
used in cinder block and ready-mixed con- 
crete products manufacture, and in con- 
crete pipe. Asbestos-cement specifications 
were tested by the Mineral Fiber Products 
Bureau. Measurement was made of 
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resistance to and surface 
deterioration.’ 

The use of cement in stabilizing sand 
fills in mine stoping has become increas- 
ingly popular in recent years. A paper 
describing this practice in nickel mines in 
Canada was published by the International 


Nickel Co.“ 


exposure 


PRICES 


The price of cement in 1967 rose to 
$3.17 per barrel from $3.15, as prices 
rose slightly in the Central and Mid- 
western States, and in the Far Western 
States. Over capacity continued to be a 
serious problems, although older and 
antiquated plants were shut down at about 
the same rate as new, highly efficient 
plants went into operation In several 
areas. 

Portland cement values at plant changed 
from $3.08 per barrel in the last quarter 
of 1966 to $3.16 per barrel in the first 
quarter of 1967 and dropped back to 
$3.11 by the fourth quarter. The average 
value of types I and II cement was $3.03 
in the fourth quarter of 1966, $3.11 in the 
first quarter of 1967, and $3.07 in the 
fourth quarter of 1967. Type ITI cement 
was valued at $3.47 in the fourth quarter 
of 1966, $3.48 in the first quarter of 1967, 
and $3.45 in the fourth quarter of 1967. 
The average price of prepared masonry 
cement in 280-pound barrels was $2.80 in 


the fourth quarter of 1966, $2.87 in the 
first quarter of 1967, and $2.88 in the 
fourth quarter of 1967. The average value 
of natural, slag, and hydraulic-lime ce- 
ment shipments was $3.87 in 1967, com- 
pared with $3.74 per barrel in 1966. 
Engineering News-Record gives f. o. b. 
base prices per barrel for portland cement 
in carload lots in 20 cities across the Na- 
tion. In bulk, during 1967, cement sold 
for an average of 83.99 and ranged from 
a high of $4.95 in Pittsburgh to a low of 
$3.45 in New York. In paper bags, during 
1967, the average price quoted was $4.77, 
ranging from a high of $5.65 in Pittsburgh 
to a low of $3.70 in New York. Mortar 
cement sold for an average $4.37 per bar- 
rel and ranged from a high of $5.20 in 
New Orleans to a low of $3.81 in Atlanta. 


7 Materials Research and Standards. Asbestos- 
Cement Sheet OK After 5 Years in Salt Water. 
V. 7, No. 6, June 1967, p. 277. 

8 Mining and Minerals Engineering. Cemented 
1295 SS at Inco. V. 3, No. 4, April 1967, pp. 
129—130. 
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Figure 1.—Apparent consumption of finished portland cement in the United States. 


FOREIGN TRADE 


United States exports of cement de- cord level of 1966, were the second highest 
creased 8 percent in 1967. Imports in on record, as shipments from the Bahama 
1967, although 16 percent below the re- Islands increased markedly. 
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WORLD REVIEW 


NORTH AMERICA 


Canada.—St. Mary's Cement Co. Ltd. 
was constructing a new $15 million cement 
plant at Bowmanville, Ontario, scheduled 
for completion in July 1968. Lafarge Ce- 
ment Co. of North America Ltd. planned 
to double the capacity of its plant at 
Lulu Island, British Columbia from 1.7 
to 3.5 million barrels per year. 

Canada Cement Co. Ltd. obtained con- 
trol of Francon Ltd., a ready-mixed con- 
crete products producer, for $12.8 
million. Denison Mines Ltd. acquired 14 
percent of Canada Cement Co. Ltd., 
listed as consisting of nine plants with a 
capacity of 30 million barrels, and ob- 
tained control of Lake Ontario Cement 
Ltd., with a capacity of 5 million barrels. 

Inland Cement Industries Ltd. new, 
2-million-barrel plant at Winnipeg, 
Manitoba, was described. The fully auto- 
mated, $16 million plant is the third for 
the company. 


El Salvador.— The Grupo Eternit of 
Brazil completed a $1.4 million cement 
plant in El Salvador during 1967. 


Mexico. New capacity planned or 
under construction is estimated to total 
7.9 million tons by 1968, an increase of 
54 percent over installed 1966 capacity. 
Expansion of existing plants or construc- 
tion of new plants was underway in 
Jasso and Atotonilco, Hidalgo; Tamuin 
and Valles, Potosi; Tlaquepaque, Jalisco; 
Apaxco, Mexico; Minatitlan, Veracruz; 
Torreon, Coahuila; Lagunas, Oaxaca; 
Macusapan, Tabasco; Cuernavaca, More- 
los; and Actlan, Puebla. 


Panama.—Cemento Atlántico, S. A., 
began producing cement at its new 300- 
ton-per-day plant at Samba Bonita, Colon. 


Puerto Rico.—Puerto Rican Cement 
Co. Inc., put the 5,500-ton MV Cemento 
Ponce into service to deliver cement to 
its terminals at St. Croix and St. Thomas 
in the Virgin Islands. The company was 
also building a 250,000-barrel white ce- 
ment plant at its Ponce operation. 


SOUTH AMERICA 


Bolivia.—Co-operativa Boliviana de 
Cemento planned to construct a 100,000- 
ton cement factory at Cochabamba; total 


ment plants provided 


cost is estimated at $4.5 million. Another 
factory was planned at Santa Cruz, and 
enlargement of the existing works at 
Sucre was planned. 


Brazil.—Cement was produced at 29 
plants operated by 28 companies in 14 
States. Companhia Nacional de Cemento 
Portland, a subsidiary of Lone Star Ce- 
ment Corp., was planning a new plant at 
Cantagalo, and expansion of the Aratu 
plant of its subsidiary, Cemento Aratu S. 
A. A white cement plant was planned at 
Irajo, Sao Paulo, by Cemento Portland 
Branco do Brazil, with the help of a $4.65 
million loan from the Inter-American 
Development Bank. 


Ecuador.—The National Development 
Bank agreed to relinquish control of the 
900-barrel-per-day Cemento Chimborazo 
plant at Riobamba to a U.S. investor; 
value is about $2.6 million. 


Paraguay.—A new 100,000 ton, $8.7 
million cement plant is to be built at 
Vallemi, the site of the only existing plant 
in Paraguay. The contract was awarded 
Fried Krupp of West Germany. 


Peru.—F ive cement plants were reported 
operating; Cemento El Sol, S. A., Cemento 
Chilca, S. A., Cemento Pacasmayo, S. A., 
Cemento Andino, S. A., and Cemento Sur, 
S. A. A sixth plant, Cemento Arequipa, 
S. A., at Yura, went into operation at the 
rate of 3,000 to 5,000 barrels per day in 
1967. The bagging plant of Cemento 


Andino, S. A, at Condorcocha, was 
described. 
EUROPE 
Netherlands. — Portland and slag ce- 


ment were produced by N. V. Eerste 
Nederlandsche Cement Industrie, at Lim- 
burg and Maastricht, N. V. Cement- 
fabriek Rozenburg, and N. V. Cement- 
fabriek Ijmuiden. Over 50 percent of the 
production is blast furnace slag- cement. “i 


Norway. — Expansion of Norweigian ce- 
sufficient excess 


9 Pit and Quarry. New Winnipeg Plant Third 
for Inland Cement Industries Ltd. V. 59, No. 
8, February 1967, pp. 88-92. 

10 Pit and Quarry. Cemento Andino, S. A., 
Near Lima, Peru, Solves Bag Breakage Prob“ 
lems. V. 59, No. 12, June 1967, p. 41. 

11 Van der Biet, A. A. Netherlands Cement 
ding oad F Miner. Proc., v. 8, No. 7, July 1967, 
pp. —28. 
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production to enable the export of about 
500,000 tons per year. Both A/S Dalen- 
Portland Cementfabriek and A/S Christ- 
iania Portland Cementfabrik raised respec- 
tive capacities to 1.1 millions tons. 


Sweden.—The modern, automated ce- 
ment plant and quarry of A B Gullhogens 
Bruk at Skovde, Sweden, was described. 
Mechanization includes computer control 
of kiln and grinding plants.” 


AFRICA 


Cameroon.—The long-awaited construc- 
tion of a new cement plant at Figuil was 
planned by the Cement Co. of Cameroon, 
with a capacity of 46,000 metric tons. Also 
planned was a clinker grinding plant at 
Douala. Total investment is estimated at 
$7 million. 


Dahomey.—The Societe des Ciments du 
Dahomey announced plans for a 100,000- 
ton cement plant in Cotonou, to produce 
cement from imported clinker. Plans for a 
cement plant near Pobe were abandoned. 


Ethiopia.—The Imperial Ethiopian Gov- 


ernment was planning a new 200,000-ton 
cement plant, to go into production by 
1972. Existing plants are at Massawa 
(70,000 tons); Addis Ababa (70, 000 
tons) ; and Dire Dawa (40,000 tons). 


Gabon.—Ciments de Marseille, a French 
firm, signed an agreement with the Gov- 
ernment of Gabon for creation of a 
35,000-metric-ton, $1.2 million cement- 
clinker crushing plant in Owendo Port. 


Nigeria.—The West African Portland 
Cement Co., Ltd., 500,000-ton, $13 mil- 
lion, semi-dry-process plant, at Ewekoro, 
Nigeria, was described.” 


Rhodesia, Southern.— The Salisbury 
Portland Cement Co., Ltd., plant at 
Mauressa was diagramed. The semi-dry- 
process plant produces 2,000 barrels per 
day of clinker. Portland, blast-furnace- 
slag, and masonry cement are produced.!* 
United Portland Cement Co. (Pvt.) Ltd. 
was also described. The company has 
plants at Bulawayo and Colleen Bawn. 
Annual capacity is rated at 2 million 
barrels of cement and 25,000 tons of 
lime.!5 


South Africa, Republic of.—Fifteen 
plants operated by eight companies were 
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in full production in 1967. Annual pro- 
duction is over 21 million barrels. The 
industry uses 5 million tons of limestone, 
1 million tons of coal, 200,000 tons of 
gypsum, and 400 million kilowatt hours 
of electrical power per year. 


Uganda.—A second cement plant, near 
Kilembe mines in western Uganda, was 
reported in the planning stages. The only 
existing cement plant is at Tororo, in 
eastern Uganda. 


Zambia.—Plans for a new 200,000-ton 
cement plant at Ndola on the Copperbelt 
were announced by Chilanga Cement Ltd. 
The company also increased capacity of 
its plant at Lusaka from 200,000 to 300,- 
000 tons in 1967. 


ASIA 


Indonesia.—The Indarung cement plant 
near Podang is one of two major industrial 
projects in West Sumatra. Annual capacity 
is 240,000 metric tons; current production 
is about 60 percent of capacity. 


Iraq.—Iraqi Cement Co. completed 
plans for a new 500,000-ton grinding plant 
at Um Qasr. Semiprocessed cement will 
be shipped from the Samawa factory, 
providing a total annual capacity of 2 
million metric tons. 


Japan.—The Japanese Cement Assn. 
estimated 1967 sales at 220 million bar- 
rels, a 6.6 percent increase over 1966. 

Over 10 million barrels were exported to 
Korea, Okinawa, and Thailand. 


Nepal.—Himal Cement Ltd. was erect- 
ing the country’s first cement plant in 
Kathmandu Valley. The $4 million plant 


is rated at 175 tons per day. 


Pakistan.—Societe Fives-Lille-Cail was 
constructing a $6 million, 1,000-ton-per 
day plant at Chittagong. Chatak Cement 
Factory at Thakerghat was being ex- 
panded to 300,000 tons capacity. Jamalpur 


12 Rock Products. Swedish Cement Plant 
Triples Productivity. V. 70, No. 5, May 1967, 
pp. 98-100. 

13 Minerals Processing. Nigeria's West African 
Cement. V. 8, No. 5, May 1967, pp. 24-25. 

14 Minerals Processing. Rhodesia's Salisbury 
Portland Cement. V. 8, No. 5, May 1967, pp. 


30, 36-37. 
15 Minerals Processing.  Rhodesia's United 
8, No. 7, July 1967, pp. 


E ae Cement. V. 

16 Holz, Peter. Commentary on South Africa’s 
Cement Industry. Miner. Proc., v. 8, o. 5, 
May 1967, pp. 32-34, 36. 
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Cement Factory being built at Bogra will 
have a capacity of 600,000 tons. 


Philippines.—Mindanao Portland Ce- 
ment Corp. planned a $6 million, 2-mil- 
lion-barrel cement plant and Philippine 
Cement Co. a 2.6-million barrel, $4.5 
million cement plant. Contracts for both 
plants were awarded to Japanese com- 
panies. 


Saudi Arabia.—Arabian Cement Co. 
was expanding its plant at Jidda from 
600 to 1,000 tons per day. Saudi Cement 
Co. was expanding its plant at Hofuf 
from 300 to 600 tons per day, and an- 
nounced plans for further expansion at 
Riyadh from 300 to 900 tons per day. 


Taiwan.—Cement production was esti- 
mated at 4 million tons, 95 percent of 
capacity. Exports to Vietnam were 1.2 
million tons, an increase of 77 percent. 
Two new kilns were completed, and a 


third was scheduled during 1967. 
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Thailand.—Kaiser Cement & Gypsum 
Corp., acquired a 30 percent interest in 
Jalaprathan Cement Co, with a 2- 
million-barrel plant at Takli. Value of 
the shares was $1.8 million. 


Turkey.—Five State plants were ex- 
panded, increasing total capacity by 600,- 
000 tons. New State-owned plants were 
being constructed at Trabzon, 300,000 
tons; and at Van, 220,000 tons. Private 
industry was planning new plants at 
Bursa, Izmir, and Ankara. 


OCEANIA 


Fiji.—Fiji Industries Ltd., planned to 
expand capacity from 47,000 to 85,000 
tons annually, with a new kiln and ce- 
ment mill. Prestressed Concrete (Fiji) 
Ltd. planned to build a concrete products 
factory on the cement plant site. 


TECHNOLOGY 


A new edition of a book on portland ce- 
ment was issued during the year. The work 
is a standard reference on portland ce- 
ment manufacture, and provides an in- 
teresting history of the industry. Covered 
are proportioning, fuels, grinding, plant 
design, and concrete mixing.“ 

Operating cement kilns was the topic 
of the Second Annual Cement Seminar 
sponsored by Rock Products. Typical 
problems discussed were quality control, 
clinker coolers, interlocking computer 
control systems, kiln refractories, power 
supply, and economics of using large 
kilns. A simulated cement kiln was 
developed to facilitate design of a com- 
puter control system by Electronic As- 
sociates, Inc. The model can describe any 
kiln, and the equations mechanize the 
energy and material balance, and the 
continuous kiln operation. Results can be 
used directly in kiln design and control 
systems design.!“ The variations which 
occur in modern, long cement kilns were 
metered. A rotary kiln is able to minimize 
surges that are inherent in the operation 


of open hearth type furnaces.”° 
Chemistry of cements was the subject 
of a series of articles, as modern research 


by the industry kept pace with current 
problems. The characteristics of calcium 
sulfoaluminate hydrates were studied by 
X-ray diffraction. This should enable con- 
trol of expansion during setting of ce- 
ments. Chemical experiments on false- 
setting of cement were described. The 
effects of aeration and additives to control 
hemihydrate reactions were discussed. 
Strength of cement and concrete is affected 
by false-set.?? Setting phases in portland 
cement were quantified by the research 
laboratory of the Universal Atlas Cement 
Co. Differential thermal analysis of ce- 
ment and clinker pastes was shown to be 
a satisfactory method of studying hydra- 


tion reactions. This type of thoroughgoing 

17 Witt, J. C. Portland Cement Technology. 
Chemical Publishing Co., New York, 2nd Ed., 
1967, 346 pp. 

18 Rock Products. Operating Large Cement 
Kilns. V. 70, No. 5, May 1967, pp. 80-85. 

19 Bailey, Ray B., and Joe F. Paul. Rotary 
Cement Kiln Experimentation Utilizing a Hybrid 
Computer Simulation. Miner. Proc., v. 8 No. 3, 
March 1967, pp. 16-21. 

20 Goller, C. H., and W. R. Bendy. How To 
Figure Your Kiln’s Range of Variation. Rock 
Prod., v. 70, No. 3, March 1967, pp. 75-76. 

21 Mehta, P. K. Expansion Characteristics of 
Calcium  Sulfoaluminate  Hydrates. J. m. 
Ceram. Soc., v. 50, No. 4 April 1967, pp. 
204-208. 

22 Goetz, Hans W. False Set of Cement as 
Influenced by Hydroxylated | Carboxylic-Acid- 
Type Admixture. Mat. Res. and Standards, v. 
7, No. 6, June 1967, pp. 246-250. 
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research should eventually provide com- 
plete knowledge of cement chemistry.? 

A device for laboratory study of water- 
cement ratios, physical, and mechanical 
properties of portland cement pastes was 
developed. Tests include static fatigue, 
strength, and effects of humidity. The 
technique may perfect field testing of 
cement and concrete.“ 

The chemistry of clinker burning was 
investigated by the engineering depart- 
ment of the Fuller Co. The formation 
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of alite, tricalcium silicate, and other 
phases was described. The important re- 
sults should enable complete and effective 
kiln control.?5 


23 Kalousek, G. L., Z. T. Jugovic, and J. L. 
Gillam. A New Factor in Abnormal Setting of 
Portland Cement. Am. Ceram. Soc. Bull, v. 
46, No. 3, March 1967, pp. 270-274. 

24 Sereda, P. J., and E. G. Swenson. Ap- 
paratus for Preparing Portland Cement Paste 
of High Water-Cement Ratio. Mat. Res. and 
Standards, v. 7, No. 4, April 1967, pp. 152-154. 

25 Duda, Walter H. Portland Cement Clinker 
Burning. Miner. Proc., v. 8, No. 8, August 
1967, pp. 16-18. 
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Table 3.—Portland cement produced and shipped by plants in the United States,1 by types 


Shipments 
Production —— 
Active (thousand Value 
Type and year plants 376-pound Thousand .ẽ - 
barrels) 376-pound Total Average 
barrels (thousands) 
General use and moderate heat (types I 
an ° 
EE 180 2 329,929 826,918 $1,032,809 $3.16 
“/ e room endi e 181 2 847,954 346,052 1,090,712 8.15 
e E A 181 2 348,665 352,431 1.095, 639 3.11 
EE Seal š 183 2 359,493 358 , 446 1,102,940 3.08 
ÄERER 4186 2 346,577 352,254 1,091 , 956 3.10 
High-early-strength (type III): 
7.77... v ee ciate 145 5 14,592 14,559 51,167 8.51 
OGG EE EE 144 § 12,873 12,530 44,124 8.52 
KEE 153 5 13,388 12,757 44,621 8.50 
JJ) a Eka 149 514,550 12,955 44,828 8.46 
EE EEN 145 512,899 12,188 42,458 8.48 
Low-heat (type IV): 
ten 171711 s eae A e EE ees 
Sege 1 6) 6 6) 3 
Z.... ee r „ 
/!öCÄõõ ]⅛”ðꝛ¹u ʃ ¹ ʃq!ʃiĩrmn· - 8 
%% ͥ ³·-A ³ ⁰ . ę mwmrs . ß PD ences sap EEN 
Sulfate-resisting (type V): 
)) ( a ee 18 349 324 1,267 3.91 
1984-1. 5 o oue eel cet EEN 16 446 398 1,443 8.63 
Ree 19 512 425 1,648 8.88 
! 8 18 540 482 1,796 8.78 
ROG Tse Secs ate gh int ee ees 18 870 560 2,023 3.61 
Oil-well: 
EEN 15 1,239 1,158 3,8178 3.35 
WEEN 12 1,347 1,306 4,329 3.31 
Ee 13 1,645 1,613 5,571 8.45 
1980. EEN 14 2,172 2,006 6,954 3.47 
LEE 14 2,518 2,413 9,251 3.83 
White: 
cj mec A A See de 5 72,050 1,935 13,547 7.00 
17///%//% A 8 5 72,189 2,111 14,821 7.02 
LEE ⁰ coe ss 5 72,241 2,128 14,517 6.82 
1950. . Bete oe as 1 5 72, 208 2,060 14,675 1.12 
(EE 8 6 72,244 2,092 13,928 6.66 
Portland-slag and portland pozzolan: 
1//§ö%êou Sus ole 8 82,470 2,620 8,681 3.31 
ET WEE 10 81,047 1,057 8,656 8.46 
RTE 6 8 967 913 2,878 8.15 
Meet 35 8 956 562 1,732 3.08 
BEE EES 36 8 818 780 2,610 3.35 
Miscellaneous: ° 
S68. eeh aces 23 71,914 1,739 6,625 8.81 
1004... eek 22 10 2, 827 2,800 9,902 3.47 
NOG Bari tee ee eek ieee 34 104,004 3,819 12,989 8.40 
KEE 39 10 4, 713 4,183 14,336 8.48 
EE 22 10 9,473 3,730 13,384 3.59 
Grand total: 
e ee Zm uy Se az mz 11 181 352,543 849,253 1,117,974 3.20 
19 ß ne 11 181 368 , 633 866,304 1,168,987 8.19 
1965. .... MC ETRURIAE 11 181 371,422 374,086 1,177,863 8.15 
f ³¾ ;. ² ma arie 411184 384, 632 380, 694 1,187,261 3.12 
TT EEN 11 12 188 369,399 374,017 1,175,605 3.14 
r Revised. 


1 Includes Puerto Rico. 


? Includes air-entrained portland cement as follows (in thousand 376-pound barrels): 1963, 40,649; 1964, 
48,950; 1965, 46,118; 1966, 46,022; 1967, 43,801. 

3 Includes one plant which received clinker from another source. 

* Includes two plants which received clinker from other sources. 

5 Includes air-entrained portland cement as follows (in thousand 376-pound barrels): 1963, 4,879; 1964, 
2,754; 1965, 2,677; 1966, 2,611; 1967, 2,218. 

* Less than 14 unit. 

7 Includes a small quantity of air-entrained portland cement. 


8 Includes air-entrained portland cement as follows (in thousand 376-pound barrels): 1963, 1,369; 1964, 
843; 1965, none; 1966, 392; 1967, 167. 


? Includes dy ropas plastir, and waterproofed cements. 


10 Includes air-entrained portland cement as follows (in thousand 376-pound barrels): 1964, 867; 1965, 
775; 1966, 853; 1967, 434. 


11 Includes number of plants making air-entrained portland cement as follows: 1963, 121; 1964, 130; 1965, 
182; 1966, 129; 1967, 132. 


1? Includes three plants which received clinker from other sources. 
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Table 4.—Shipments of prepared masonry cement from mills in the United States, by States 


(Thousand 280-pound barrels) 

Destination 1966 1967 
, ß . x A 666 633 
⁵ùꝓù0ͤÜ ³AA i n ce ³ðZ ĩͤ d k y . as se a ACE W 
ATIZODÉ. S. cc. jr . d Ci Sa NA E W W 
AIESnéRS.. 2 ˙ ẽq ......“ 8 344 335 
COIOFAdO c cos ³˙Üwvÿ⁵m ¹ Vꝓæ 6 mt ß y alanine 185 183 
Connecticut 1. c s ᷑³ EEN 148 145 
C.. EE EG 47 55 
District of Columbia ! eee 360 275 
RBIOnda--. Luc ðæꝶ f.,. x 1,222 1,287 
Geo idee seers eee Lalo o PI ß Ue E 1,255 1,189 
Nah E ß ß hs Si nae Se a Sa Sas 1 11 
ICT GEET 716 130 
EN Chr s cuu q“. ...... eee E EL E 831 808 
TOWS: o ⁵³ M m Atc dL E a EAM SO NTE 230 217 
ETT TEE su ⅛ vd ß yd v SEN AE TE 182 162 
Kentucky EE 557 575 
Loulsldl8..-. ⁵«²⁵̃ U...... ⁵⁵ ⁵ eae Se mk usus ae ta eee 447 428 
Mühe SSS O ENEE y y 71 75 
Maryland ͥ0 / Be oi es een LN LE 718 642 
Massachusetts U eee eee eee ee 272 265 
F ͥ ⁰ d y y 8 1,494 1,474 
Minnesota a ⁵3ð ß 0 419 
117177õ]˙ . ⅛˙· dy yd r y Eie E 394 374 
JJJ%%%%%%é nn ß t 8 230 214 
MORGANE ]˙i iA. ñ³ß7é³ẽ2% p EE 21 18 
eee . . . . et ees ae 78 74 
Nevada; — t3 25. 0 ah ad Ba ace ẽñ ⅛ d y ae coe us sss W 
New f! y yt 8 82 70 
New Jersey ꝰ ↄ²⅛—’ l. lu l ul “:... ea èͤ . Ee 2 670 612 
ü Ee d eet 8 100 76 
7JJ7JJ7%0000ô§Ü§˙%%ttfüößͥ5—':O d 0 M y 8 973 940 
North Carolina... ee eee ee ee ee ee ewe ee 1,519 1,490 
North Dakota iere ee oe ANEN EL SN e AE 2 49 57 
ONO EE z 1,481 1,404 
Oklahoma. ³ĩÜmwit. ˙]ͤ—ẽôtut TSS AE 267 
§/ PP ⁵ ⅛ ²ü ök-0= ð dd y km x eee 1 
Eastern Pennsylvani˖a „„ 483 452 
Western Pennsylvania... eee 631 616 
Rhode Island geéiert ð d sade oes ree meas 28 29 
San. ↄ 903 884 
South Dakota. vl co he Se ae dee ¶ͥðʒpd D oe shew 55 51 
TT EE 1,098 1,139 
Mane ERSTER E MODICO PRATO ROUES PEE S 864 856 
Ri Ce ns eta EE 9 5 
Vermont OO om SZ ee ae he esas EEN 42 48 
AE, AT EE ee eee èͤ eee Sas 1,215 1,161 
hr ee ⁰⁰⁰ 45 52 
% o. ² T0ä⁰ ⁵⁵ U T—ũ—d̃ 8 235 240 
%%% ⁰ oho ͥ ³ • Db D ere eg S S umawa y se Sen, bee ee 527 482 
SCP! kr Ee 11 11 
Total United States 22, 216 21, 526 
Other cunteiſsſsſsss ð eee e a us 151 174 
Total shipped from cement plant nnn 22, 367 21,700 


W Withheld to avoid disclosing individual company confidential data; included with “Other countries.” 


1 Noncement producer. 


2 Direct shipments by producers to other countries and to Alaska, 
and Puerto Rico. 


Arizona, 


Nevada 
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Table 6.—Natural, slag, and hydraulic-lime cements produced, shipped, and in stock at 
mills in the United States 


Production Shipments Stocks 
SS Dec. 31 
Year Active Thousand Thousand Value (thousand 
plants, 376-pound 376-pound (thousands) 376-pound 

barrels barrels barrels) 
190922 Sat é d ee 4 357 352 $1,407 83 
KT DEE 4 275 283 1,057 76 
/, oe ee nhe 4 279 279 1,027 76 
19066 f ꝶ ͥ W u 3 113 109 415 19 
// ˙·wr cesses 3 95 94 360 21 


1 Revised data. 


Table 7.—Portland-cement-manufacturing capacity of the United States,! by districts 


Capacity Dec. 31 


(thousand 376- Percent utilized 
District pound barrels) 

1966 1967 1966 1967 

New York, Maine LLL LLL ³ i 40,485 37,225 75.5 71.7 
Eastern Pennsylvania 42,294 37,194 72.8 77.9 
Western Pennsylvania 13,540 13,740 84.1 76.1 
Maryland, West Virginia 13,850 12,650 15.0 76.5 
AE 19,449 19, 749 81.0 74.8 
Ä ²˙.iäim ³˙¹U A..... 88 35,162 39, 162 82. 0 76.2 
Indiana, Kentucky, Wisconsin. --------------------------- 26,560 24,700 82.1 84.9 
ION... oS ⁰³—d ð̊ͤ y 11,600 11,600 78.5 82.8 
Tennessee. MEME" 10,256 10,156 80.8 18.2 
Virginia, North Carolina, South Carolina. ................... 16,900 16,900 13.5 74.3 
Georgia, Florida... 17,381 17,381 68.7 66.8 
Alabama. mn es ah cata mule crak isse Steet dew 16, 660 16,660 87.8 80.7 
Louisiana, Mississippi 11,600 11,400 79.7 78.4 
Minnesota, South Dakota, Nebraska ---------2-2----------- 9,017 9,117 85.6 71.4 
fe u Ne ree fd. EE 15,416 15,462 88.7 88.3 
III ]·˙% % 0 d EE 18, 803 27,210 74.2 54.7 
a dd ̃̃ e eA Ee 12, 972 12, 822 70.7 70.4 
Oklahoma, Arkans ass 16, 126 15, 400 77. 6 80.3 
A TEE 45,074 46,199 69.8 69.9 
Wyoming, Montana. Ideho LL Lc LLL Lll... 5,100 5,100 72.4 68.3 
Colorado, Arizona, Utah, New Mexieo -2-2-2-2 2-2-2-2- 15,600 16,650 74.7 65.9 
Fh ³oW.wi eee doh oe ee 6,975 9,575 89.0 61.5 
Oregon, Nevada. 4,900 6,400 87.3 53.0 
Northern California 21,150 21,700 89.5 82.4 
Southern California 37,600 40, 600 70.2 59.6 
EC tl ustus Se Ea ct espn mau Sma aah sense dae 2,700 2,70 63.2 53.5 
Puerto h SS wil S S s s ⁰ s n ma 8,001 11,500 100.9 69.2 
POUR WEE EE 495,171 508,952 77.7 72. 6 


1 Includes Puerto Rico, 
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Table 9.— Portland cement clinker produced and in stock at mills in the United States,! 


by process 
Number of Thousand 376-pound barrels 
plants 2 —  [—N ° nƏ Q 
Clinker Production Stocks on Dec. 31— 
1966 1967 1966 1967 1966 1967 

Wet. eu AAA LaL hokey 114 116 231,375 230,906 9,515 10,899 
Dry ae a ß 70 72 158, 227 147,670 10,775 11,916 
/ Ee 184 188 389, 602 378,576 20, 290 22, 815 


1 Includes Puerto Rico. 
2 Two plants received clinker from other sources (1966); three plants (1967). 


Table 10.—Production and percentage of total output of portland cement in the United 
States,! by raw materials used 


(Quantities in thousand 376-pound barrels) 


Cement rock and Limestone and Blast-furnace 
Year pure limestone clay or shale ? ? slag and limestone 


Quantity Percent Quantity Percent Quantity Percent 


11k D SEE 8 85,741 3 251,068 11.2 15,734 4.5 
DIS T 8 85, 884 23. 3 260, 376 70. 6 22, 373 6.1 
I)))kösw 8 84, 360 22.7 266,148 71.7 20,914 5.6 
( AAA 5 86, 095 22.4 277, 597 72.2 20, 940 5.4 
J ³·¹wr ee ee E es 68,810 6 281,704 76.3 18,885 5.1 


1 Includes Puerto Rico. 

2 Includes output of plants using marl and clay; 1 plant in 1963; 1 plant using marl only in 1963; 2 plants 
in 1964, 1965, 1966, and 1967. 
1% udp output of plants using oystershell and clay; 11 plants in 1963, 1965, 1966, and 1967; 12 plants in 


Table 11.—Raw materials used in producing portland cement in the United States ! 


(Thousand short tons) 


Raw materials 1965 1966 1967 

e. ecc ve ade e 19,879 21,072 21,544 
Limestone (including oystershell̃ 7) 81,943 84,068 80,013 
a E du ces Lon c LM Lu aL 8 611 762 716 
/ ee ä́—läſ os en Sie 11,397 11,545 11,574 
Blast-furnace slag___............-.--.--------------------------- 935 1,132 1,058 
EH 3,274 3,280 3,264 
Sand and sandstone (including silica and quartz) 1,834 1,920 1,467 
Iron materials s. o. ³ð ] ³ y mecs uM ELE Ee 155 714 658 
Miscellaneous deele d eU ts Lure meos 125 288 225 
RK DEE 120, 753 124,781 120,519 


1 Includes Puerto Rico. 

2 Includes fuller's earth, diaspore, and kaolin. 

3 Includes iron ore, pyrite cinders and ore, and mill scale. 

* Includes fluorspar, pumicite, calcium chloride, soda ash, borax, staurolite, fly ash, diatomite, air-entraining 
compounds, and grinding aids. 
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Table 12.—Average mill value in bulk, of cement in the United States 1 


(Per barrel) 
Natural 
Portland slag, and Prepared All classes 
Year cement 2 hydraulic- masonry of cement 5 
lime cement 3 4 
cements 2 
bo oe be siete escola ceases S $3.20 $3.99 $2.84 $3.23 
DI m E 3.19 3.73 2.83 3.22 
1969 oo tes cee ð cee ca ee eee ete 3.15 3.68 2.84 3.18 
OCG a iets na e 3.12 3.74 2.83 3.15 
EE 3.14 3.87 2.86 3.17 


1 Includes Puerto Rico. 
2 876-pound barrels. 


3 Includes masonry cements made at portland, natural, and slag cement plants. 
* 280-pound barrels. 
s Includes masonry cement converted to 376-pound barrels. 


Table 13.—Finished portland cement produced and fuel consumed by the portland-cement 
industry in the United States,! by processes 


Finished cement produced Fuel consumed 


Year and process Thousand Coal Oil Natural gas 
Plants 376-pound Percent (thousand (thousand (thousand 
barrels of total short tons)  42-gallon cubic feet) 


barrels) 

1966: 
Wet: one Ae ee tee 114 231,279 60.1 5, 350 3,408 141,381,957 
y 0⁰ eee i er lS. 70 153,353 39.9 3,986 508 62,423,036 
fr z hs ed wes 184 384 , 632 100.0 29, 336 3,911 203, 804, 993 

1967: 
DVD RR 117 223,327 60.5 5,258 4,365 138,923,356 
P77 AAA 71 146, 072 39. 5 3, 838 591 56, 794, 140 
o eee ee eo we 188 369,399 100.0 3 9,096 4,956 195,717,496 


! Includes Puerto Rico. 
2 Comprises 186,632 tons of anthracite and 9,149,002 tons of bituminous coal. 
3 Comprises 238,809 tons of anthracite and 8,857,445 tons of bituminous coal. 
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Table 14.—Portland cement produced in the United States,! by kinds of fuel 


Finished cement produced Fuel consumed 
Year and fuel Thousand Percent Coal Oil Natural gas 
Plants 376- pound of total (thousand (thousand (thousand 
barrels short tons) 42-gallon cubic feet) 
barrels) 
1966: 

G %%/õ;»ôOꝛ gee eee 59 2 128,054 33.3 6.265 ` regeert, Ee 

OP RE 8 215, 783 ö 2.429. ͤ ( 
Natural gas. 43 278,493 %ͤöÜ——(ũ ! 8 94, 972, 992 
Coal and oil. ................. 19 43,326 11.3 1,721 877 
Coal and natural gas 24 46, 486 12.1 III 32, 244, 987 
Oil and natural gas 22 54, 746 14? 2 462 59, 505, 538 
Coal, oil, and natural gas 9 17,744 4.6 237 50 17, 081, 476 
Sfr ties 184 384, 632 100. 0 39,336 3,911 203, 804,993 

1967: 

E GE 63 2 126,255 34.2 6-168. 22325605 iech 
ii ETE E EENE EE 7 2 15,531 463333 %; 8 
Natural ean 45 2 73, 530 19.9. 221.5. ĩ URaS 89,704,241 
Coal and oil! 18 37,428 10.1 1,628 "KC ME 
Coal and natural gas 25 47, 735 12.9 1877 an2- 33, 391, 828 
Oil and natural gas 22 55, 091 1 SEN 554 57, 558, 770 
Coal, oil, and natural gas 8 13,829 3.7 113 32 15,062,657 
ll!!! kena Ea 188 369,399 100.0 49,096 4,956 195,717,496 


1 Includes Puerto Rico. 


3 Average consumption of fuel per barrel of cement produced as follows: 1966—coal, 97.8 pounds; oil, 0.1725 
barrel; natural gas, 1,210 cubic feet; 1967—coal, 97.7 pounds; oil, 0.2193 barrel; natural gas, 1,220- cubic feet. 

3 Comprises 186, 632 tons of anthracite and 9, 149, 002 tons of bituminous coal. 

* Comprises 238,809 tons of anthracite and 8, 857, 441 tons of bituminous coal. 


Table 15.—Electric energy used at portland cement plants in the United States,! 
by processes 


Electric energy used Average 
— — —f — — electric 
Generated at Finished energy 
portland cement Purchased Total cement used per 
plants produced barrel 
Year and process — — M — (thousand of 
376-pound cement 
Active Million Active Million Million barrels) produced 
plants kilowatt- plants kilowatt- kilowatt- Percent (kilo- 
hours hours hours watt- 
hours) 
1966: 
EE 15 687 111 4,974 5,661 58.8 231,279 24.5 
DEY Z: becca mE 19 951 70 3,014 3,966 41.2 153,353 25.9 
TOU. L us cu cuu 34 1,638 181 7,988 9,627 100.0 384, 632 25.0 
Percent of total electric 
energy used. 1 83.0 100.0 h ĩ ͤ ³A - sms 
1967 
NN!«·;1 se us pz 15 344 113 5,038 5,382 58.8 224, 752 23.9 
Diy EE 16 872 72 2,902 3,774 41.2 144,647 26.1 
T! AA 31 1,216 185 7,940 9,156 100.0 369, 399 24.8 
Percent of total electric 
energy used — 13.3 86.7 100.0 h ³· m Qs 


1 Includes Puerto Rico. 
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Table 16.—Shipments of portland cement from mills in the United States,! in bulk and in 
containers by types of carriers 


In bulk In paper bags 2 Total shipments 
Year and type of carrier Thousand Thousand Thousand 
376-pound Percent 376-pound Percent 376-pound Percent 
barrels barrels barrels 
1966: 

dei eo ² y ½,˙Üẽ ed 232, 159 68. 5 33, 008 79.0 265, 167 69.7 
Railroad aurean 100, 508 29.7 8,292 19. 8 108, 800 28. 6 
J»ô; 8 6, 033 1.8 515 1.2 6,548 1.7 
Used at the plant. 179. usu ae Gi arcus 17277 
rr ĩðͤ A oe 338, 873 100. 0 41, 821 100. 0 380, 694 100. 0 
Percent of total. ............. 89.0 ....... 110 100. 0 

1967: i 
Il! ĩ³ͤ 88 233, 651 69. 3 29, 092 78. 8 262, 743 70.3 
Railroad... n lcs 96,350 28.6 7,264 19.7 103,614 27.7 
Bót ——À———————— 7,012 2.1 572 1.5 j 2.0 
Used at the plant. TE 52s EE T6. 54.5 
Total... n eS sac 337, 084 100.0 36,933 100.0 874,017 100.0 
Percent of total____________-__- 90.1 9.9 100.0 o 


1 Includes Puerto Rico. 


3 Cloth bags and other containers included with paper bags to avoid disclosing individual company con- 
fidential data. 
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Table 17.—Destination of shipments of all types of finished portland and high-early- 
strength cement from mills in the United States, by States 


(Thousand 376-pound barrels) 


Finished portland High-early-strength 
Destination k ne x= = 
1966 1967 1966 1967 

PNA DANA cole he cesi rd La EU E ELEM Mti ts 5,640 5,631 78 81 
Alaski d. oo nie io suce ² ² E S W W W 
ATIZOlH. ↄ ³³ dd EA 3, 630 3, 579 W W 
RR AT ð ͥ ⁵ x eee a 4, 903 4, 436 42 31 
Northern California. 17,912 16,490 46 23 
Southern California 24,414 21,700 194 146 
Colorado... EEN 4,837 4,591 24 37 
Connecticut EENEG 4,322 3,701 372 299 
Delaware d a a a a a a a a aa 1,136 1,126 81 59 
District of Columbia ))) 1,559 1,295 31 27 
Florida NCC 8 2 13,705 14, 524 869 887 
CC ⁵˙Ü¹¹ſſ ͥ ⁰ A 9, 226 9, 354 142 202 
öCöĩõôäÜw. ̃]ñ . y 8 1, 546 111 SENEL AA 
i Ko FET EE 1,354 1,130 41 55 
r rdf E A N re eee 18,333 19,060 580 578 
I ⁰·¹¹w³ͥͥ—. IE AR EE 9,812 10,699 383 381 
OW: EE xt ES 8,779 9,035 111 84 
Kansas EE 5,129 4,755 84 72 
Le TEE tase 4,969 5,983 137 126 
(RE EECH 11,619 11,773 54 42 
III ͥ Ad E 997 987 42 46 
JJ susu Sluku uu usu ĩͤ yu E 6, 885 6,722 377 336 
Massachusetts j 5,986 6,063 502 459 
Mehl ³ð 8 16, 900 16, 386 879 858 
Minnesota oe es Ao a eh is ⁵ðDiĩſ ð d ER 8,174 8,366 257 241 
Mississippi EE EEN 4,708 4,224 7 14 
RE WEE EEN 9,230 9,355 276 200 
N CHE EE 1,412 1,092 13 
N KO EE 4,959 4,396 154 153 
Nö ˙? ete dd EES 1. 456 1,164 8 7 
New Hampshire 1... 2 eee 1,011 916 73 59 
New !( V i es Sa ea ĩͤ icc ete. 9,828 9,855 514 497 
New / ³ðKyſ ͤ d C ODER 2, 726 2, 351 189 121 
FPV)! ³oÜ-0 w Sx ierat e 17, 822 17, 544 994 961 
North eli) 7,126 7,477 251 276 
North Dakota! =... cose eek Se 1,384 934 28 29 
) EE oe te Mt ĩͤ ene een, 19,125 18, 484 532 400 
OIA EEN 5, 366 5,258 24 38 
6? Bebe s uu Sd Se EEN 4,280 3,415 117 104 
Eastern Pennsylvania ßᷣ§ 10, 260 10,707 017 478 
Western Pennsylvania 6,521 6,819 272 218 
Rhode Island 1... = eee 1,169 1,221 103 113 
Sun ca duce cee 3,801 3,932 54 112 
South Dan),, ⅛ð 8 1,667 1,199 47 54 
( ee E Q m EM u he 6,931 6,770 145 196 
KOR MERC u Suyuq ß y ieee u Ce ete 26,995 26,955 1,642 1,504 
(RR ZE E 2,268 1,891 66 45 
nen 597 641 42 48 
Virginia EE 8,558 8,314 539 346 
r ⁰ 7,926 7,368 640 631 
West Virginia. GL L seize ha Sin ing Luya 8 2,739 2,905 40 33 
WISCONSIN WEE 9,410 10,000 333 366 
WYOMING u. eo ee ete eed Meee eee 8 979 985 5 10 
Total United States 372,021 364,299 12,905 12,096 

Other euntttliteess e ) aalapiao EE 3 8,673 39,718 1 50 4 92 
Total shipped from cement plants 380, 694 374,017 12,955 12,188 


W Withheld to avoid disclosing individual company confidential data; included with “Other countries.” 

1 Noncement producer. 

2 Includes shipments from Puerto Rican mills. 

3 Direct shipments by producers to foreign countries, the State of Alaska, and to Puerto Rico, including 
distribution from Puerto Rican mi 

4 Direct shipments by producers to other countries and the States of Alaska and Arizona. 
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Table 19.—U.S. exports of hydraulic cement by countries 
(Thousand 376-pound barrels and thousand dollars) 


1965 1966 1967 
Destination PE m 


Quantity Value Quantity Value Quantity Value 


Australie. . 4 $40 7 $30 9 $73 
HahamsB. ß ISl uu ee 41 200 33 166 45 233 
Bolli EES 2 15 4 39 4 34 
e e a a E a 281 1,916 495 2,130 349 1,426 
EE 3 57 7 53 2 28 
Dominican Republic ------------- 1 10 1 9 6 25 
LK - ool eo A 8 1 9 5 20 5 21 
French West Indies. 76 155 160 347 210 509 
Germany, West 2 4 3 28 1 31 
Indonesia... EE 2 17 (1) 4 6 60 
KEE 5 47 14 108 5 40 
TtBly os ose e i mm 88 3 26 2 24 3 23 
e ß en li CR oe dee ee 2 10 3 Al 5 28 
P i a Bk e TQ ho LUE 12 126 6 127 8 155 
Leeward and Windward Islands 35 103 64 180 104 273 
III! a eds eye ee a 103 403 34 128 5 22 
Mexico EE 95 436 120 504 37 260 
Netherland 2 22 4 18 1 8 
Netherlands Antilles. (1) 2 4 9 29 75 
Nicaraguaaassss 222 cssc 2222222 7 33 3 14 3 17 
IN ADOT A EE 1 11 6 25 67 463 
NOWAY e lucere ea eL LE t 2 21 3 13 4 16 
FBC ³Ü—Ü]A Aa NA E 4 14 1 6 1 5 
Panama u m ů ͥ äuu-u⸗ n,... 86 2 21 2 27 3 20 
/ xt e ei ru 8 9 93 10 70 15 103 
Philippines____ eee eo eo eo eel 5 54 8 88 8 52 
•Cöêĩõ;dI ð yd ; y e y E 2 29 8 114 7 49 
Sweden- ³ dro ³ð³AA yd oles Bi 2 24 3 14 1 16 
WYN ae ö u YS bs ni AL a eae 2 22 3 38 2 26 
Trinidad and Tobago (1) 7 1 3 4 83 
United Kingdom 1 17 3 19 2 8 
Venezuela...... ..... EE BEE EE 2 20 3 21 2 13 
Viet-Nam, Saut 2 14 3 17 2 10 
Western Africa, nen... ARCEM 3 9 39 3 28 
C QPGCͥſͤ0 AA ¾˙ a 37 270 37 363 22 219 
OUR etc œ nasisa et de EE 748 4,288 1,069 4,836 980 4,452 
1 Less than 14 unit. 
Table 20.—U.S. imports for consumption of cement 
(Thousand 376-pound barrels and thousand dollars) 
Roman, portland, Hydraulic White nonstaining 
and other cement portland cement Total 
Year hydraulic cement clinker 
Quantity Value Quantity Value Quantity Value Quantity Value 

W965 g e ete ek - 4,838 $11,307 378 $962 289 $1,254 5,505 $13,523 
196006. yy 6,211 15,003 648 1,847 207 996 7,066 17, 846 


EENS - 5,569 13,002 157 813 187 883 5,913 14,698 
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Table 21.—U.S. imports for consumption of hydraulic cement in 1967, by countries and 


customs districts 


(Thousand 376-pound barrels and thousand dollars) 


Quantity Value 
Country: Customs district—Continued: 
Bahamas --.---------- 2,459 $5,951 GREEN, 1 $6 
Belgium- Luxembourg 419 une! 8 28 163 
e cos 1,699 4,126 (E) EES 6 31 
Colombia 457 998 Los Angeles. 11 50 
Denmark ------------ 74 293 e 913 2,202 
Francdc ee 44 300 Milwaukee (1) (1) 
Germany, Weste 14 131 New Orleans 3 18 
EC A 53 219 New York City........... 540 1,205 
Mexico... ce ore e 6 31 Noll 499 1,210 
Norway 878 1,586 Ogdensburg- --.----------- 31 117 
Sweden 37 62 Pembina. s 130 505 
United Kingdom 57 406 Philadelphia 30 258 
Venezuela aaa 26 58 Portland, Maine 6 26 
Yugoslavia__ ----------- 16 118 Portland, Oregon..... .... 2 13 
— — St. Alban 5 19 
Fl Ss 5,913 14,698 San Francisco............. (1) 3 
=== San juan 605 1,484 
Customs district: Saen; 6 40 
Boston (1) (1) Seattle. 83 227 
Bridpenort 377 625 Tampa. u zu 8 1,126 2,790 
Buffalo... eee 1,395 3,008 — rœv— — 
Chienago 92 603 Total___ aco es 5,913 14,698 
ne occ (1) (1) 
Great Falls ------- 21 78 
Honolulu eae 3 22 


1 Less than 14 unit. 


Quantity Value 
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Table 22.—World production of hydraulic cement, by countries ! 
(Thousand 376-pound barrels) 


Country 1963 1964 1965 1966 1967 v 


North America: 
Canada (sold or used by pro- 


ducers )) 37,314 42,075 44, 432 r 47,827 41,981 
(Costa t EE 193 698 674 651 
Quir EXC 4,761 4,726 4,697 4,691 5,254 
Dominican Republic 1,343 1,747 1,243 1,618 1,818 
El Salvador 2.__ 2-2222- ------- 457 528 475 r 833 838 
Guatemala... 921 1,091 r 1,378 1,184 1,313 
Halli ione 8 293 328 246 223 235 
Hondurag -2 -2222-2-22 352 428 551 616 651 
Jamaica... mt r 1,161 r 1,624 r 1,823 t 2,052 , 964 
Meese ; 22,058 25, 904 r 25,236 r 28,771 e 86,693 
Nicaragua. __.---------------- 3 358 387 r 493 563 
Panama... ß 833 733 973 879 880 
Trunidad.. yc se Le 950 1,032 r1,114 1,243 1,114 
United States (including Puerto 

e r Ea a 368 , 406 385, 386 388 , 847 r 401,771 385 , 848 

South America: 
Argentina uuu l See 14,863 16,951 19,378 20,475 20 ,827 
TEE r 364 375 352 352 364 
Brazil: ee ee 30,395 r 32,975 32 , 700 35,450 37,554 
c ee Sms 6,837 7,429 6,966 7,998 7,054 
Golombia --------------—- 10,759 11,562 12,210 13,063 12,407 
e,, ----------- 1,513 1,689 1,906 2,568 e 2,520 
Paraguay............-.------- 106 135 170 152 
J E E E E ETS 4,421 4,767 r 5,963 r 6,268 6,110 
LBE ET EE 1,994 2,415 2,527 2,803 2,468 
Venezuela. 9,264 10, 847 12, 383 12, 395 13, 181 
Europe 
e on hee oe 762 745 879 e 792 e 760 
7.1 (1 5 9 |: EEN 19,419 22 ,099 23,711 26,391 26,666 
e oh wea 27,610 34,277 34,623 33 , 984 34,124 
Bull 8 12,929 15,434 15, 720 16,746 19, 689 
Czechoslovakia. 30, 360 32,207 33.497 r 35, 942 e 36,400 
Denmark- -`--o 8,918 11,129 r 11,700 r 12,300 12,900 
r See 8,379 9,217 r 10,378 9,129 8,877 
Fran ee 106,325 126, „278 131, 133 r 136, 638 144, 281 
Germany 
East 2 2l. 2c ipe Lt 82,002 33,814 85,690 r 97,818 42,146 
VE 171,308 197,195 200,132 203,685 184, 737 
Greece... v 8 13,450 15,667 18,833 21,038 20,228 
Hunpary-. 21223-21042 10,542 13,233 13,972 15,250 15,573 
leeland o oon es 575 633 668 674 680 
Ireland o esL 4,697 5,105 6,168 r 6,526 7,611 
Lay d.e 8 129,509 133,918 121,341 131,185 154,041 
Luxembourg 1,190 1,202 1,302 1,243 1,073 
Netherlands 12,202 16,845 17,432 18,546 19,636 
Norwax. 8,431 9,035 9,399 r 10,712 12,114 
Polapd cc ⅛Ü ͤ 44, 995 51,868 56,129 58,873 65, 305 
Portügal; er 2 D 22 8,402 9,510 9,850 r 10,085 10,765 
Rumania . 25,617 27 , 862 31,697 84,511 37,162 
Spain (includes Canary Islands). 45,429 49,838 r 54,054 69,228 76,808 
Sweden. 19,343 21, 260 r 22,134 21,641 22, 498 
Switzerland 20, 996 25,341 23,682 25,965 24,485 
US S: R: ic e sene eet 357,767 380, 728 424, 433 469,017 497, 208 
United Kingdom 82, 438 99,477 r 100, 796 r 98,210 103 , 059 
: Yugoslavia__ 22 16,693 17,819 18,188 18,950 19,425 
Africa: 
Algeria_______ A Seo ee es 5,183 4,603 4,333 3 , 864 3,928 
Angela naaa 1,137 1. 255 1,437 1,548 1,636 
Cape Verde Islands 64 70 e 70 (r) NA 
Congo, (Kinshasa) 1,442 1,319 1,454 e 1,548 e 1,524 
Ethiopia... oe Beer 199 258 563 e 586 880 
Iv Gë %%% EE 627 1,501 
LE EE 2,017 2,474 2,838 2,838 2,809 
Malagasy Republie............ 240 258 229 270 352 
Malawi . .-------------------- 147 182 182 258 e 258 
Morocco 4,450 5,435 4,632 5,025 5,095 
Mozambique 979 1,067 1,290 r 1,319 1,481 
NI ͤ ict eee te NA NA NA 88 129 
Nigeria eee 3,084 3,887 5,764 5,875 4,597 
Rhodesia, Southern a 1,466 1,466 1,466 1,466 e 1,466 
Senegal----------------------- 1,114 1,202 1,061 1,137 1,026 
South Africa, Republic of 16,910 20,258 22,761 23,359 22, 389 
GE (8 680 534 469 586 528 
/// ³˙Ü—Ü0ᷓ.1᷑ͥͥͥA ͤõſ mh m;; ð y ⁊ðͤ s n atas r 281 874 
uns: ee eee 2,117 2,668 2,662 2,803 2,767 
Wand /‚ͤ A fe ene Sh 322 428 6 709 815 
United Arab Republic 14,711 14,781 14,201 r 15,415 16,042 


ET EE 680 885 1,296 ° 1,290 1,481 
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Table 22.—World production of hydraulic cement, by countries !—Continued 


Asia 


Burma 


Cyprus 


Country 


Hong Bons ru es 


India 


Malaysia 


Pakistan 
Philippines. 
Ryukyu Islands 
Saudi Arabia 
Singapore 
Syrian Arab Republic.......... 


Taiwan 


Turkey 


Oceania: 


Australia 


Fiji Islands 
New Zealand, 


Total 4 


e Estimate. 
1 Compiled mostly from data available May 1968. 

2 Sales. 

s Year ended March 20 of year following that stated. 


P Preliminary. 


1963 


5,840 
15,819 


r Revised. 


(Thousand 376-pound barrels) 


1964 


2, 437, 754 


NA Not available. 


4 Total is of listed figures only. no undisclosed data included. 


1965 


1966 1967 P 
1,026 1,026 
827 762 
346 e 352 
487 1,126 
64,496 46,900 
580 1,096 
1,448 1,261 
64,801 68,600 
r 1,982 1,760 
8,171 8,174 
7,869 ° 9.381 
6,848 4,720 
224,859 252.081 
2,199 1,760 
14,658 15, 200 
11,023 14,306 
6,426 5,957 
e 4,984 e 4,896 
11,058 11,961 
r 9,458 12,383 
75¹ 879 
1,466 2,076 
2,275 2,762 
3,618 4,034 
18,247 20,445 
8,695 10, 185 
22,662 24,913 
e 4,397 e 4,398 
792 e 1,032 
21,542 22,380 
240 276 
5,148 4,713 


r 2,541,802 


r 2,722,561 2,813,855 
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Chromium 


By John L. 


The year was marked by the United 
States implementing the United Nations 


Security Council’s resolution imposing 
mandatory sanctions against Southern 
Rhodesia prohibiting importation of 


chromite. Owing to uncertainty of supply 
of metallurgical-grade chromite, the 
domestic chromium industry turned to 
government stockpile offerings late in 1966 


Morning * 


and 1967 and contracted for 666,000 tons 
for future delivery. 

Chromium alloy production returned to 
normal in the first quarter with the settle- 
ment of labor problems of the major pro- 
ducer. Despite reduced demand for 
chromium alloys, domestic production 
continued at a high level allowing pro- 
ducer’s stock to increase. 


Table 1.—Salient chromite statistics 


(Thousand short tons) 


1963 

United States: 
Fol; aa aa 10 
Repo.“ eR Buc 64 
Imports for consumption. .............. 1,391 
Consumption 1,187 
Stocks Dec. 31: Consumer 1,583 
World: Production 4,314 


Legislation and Government Programs.— 
Barter contracts for high-and low-carbon 
ferrochromium, negotiated in fiscal year 
1964, were extended to 1968 for comple- 
tion. Contracts called for delivery of ferro- 
chromium produced from Turkish ore to 
the Government stockpile with payment 
for the chromite made in surplus wheat 
delivered to a third country. Of the 15,000 
tons of ferrochromium on order, 3,500 
tons were delivered in 1966 and 10,500 
tons in 1967. 

Early in 1966, General Services Admin- 
istration (GSA) sold by competitive bid 
84,287 tons of surplus metallurgical-grade 
chromite held in the Defense Production 
Act (DPA) inventory. 

On May 11, 1966, the President signed 
a bill (Public Law 89-415) authorizing a 
long-range disposal plan for 1.9 million 
tons of metallurgical-grade chromite from 
the national and supplemental stockpiles 
that were excess to stockpile needs. This 


1964 1965 1966 1967 
6 T 19 8 

32 95 173 157 
1,428 1,518 1,864 1,240 
1,451 1,584 1,461 1,355 
1,287 1,111 1,306 1,197 
4,632 5,348 4.974 5,111 


surplus was grouped together with the 
DPA surplus for disposal at the rate of 
200,000 tons per year. 

Actual delivery of metallurgical-grade 
chromite to industry under these programs 
was 66,237 tons in 1966 and 62,890 tons 
in 1967. 

Under Public Law 89-247, a long- 
range plan authorized GSA to dispose of 
659,100 tons of chemical-grade chromite. 
No interest was shown by industry in this 
material, either in 1966 or 1967. 

Implementing the United Nations 
Security Council’s resolution of December 
16, 1966, which imposed mandatory sanc- 
tions against Southern Rhodesia, the 
President signed Executive Order No. 
11322 on January 5, 1967, prohibiting 
importation of chromite along with 11 
other commodities. 


1Commodity specialist, Division of Mineral 
Studies. 
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Table 2.—U.S. defense materials inventories and objectives 


(Thousand short tons) 


Type of material 


Chromite, chemical: Stockpile grade 
Chromite, refractory: 

Stockpile grade 

Nonstockpile grade- ..--------------------- 
Chromite, metallurgical: 

Stockpile grade 

Nonstockpile gerade `... 
Ferrochromium, high-carbon 

Stockpile grade__.._.._-_--_--------------- 

Nonstockpile grade. 
Ferrochromium, low-carbon: 

Stockpile grad;de . 

Nonstockpile grade 
Ferrochromium- silicon: 

Stockpile grade. 

Nonstockpile grade___ 
Chromium metal, electrolytic: Stockpile grade 
Chromium metal, aluminothermic: Stockpile grade. 


PU ee oe ꝛ · m die ees eS 


1 Less than 1⁄4 unit. 


DOMESTIC 


Although the United States does not 
produce chromite ore, about 25 percent 
of the world’s supply was consumed in 
producing chromium alloys, chromium- 


Company 
Metallurgical industry: 


Inventory by program, Dec. 31, 1967 


Com- 
Defense modity 
Objective Produc- Credit 
National tion Corpora- Total 
stockpile Adminis- tion and 
tration supple- 
mental 
stockpile 
591 559 — 484 1,043 
1,425 1,047 , 380 1,427 
E (1) Fos — (3) 
2,509 2,216 (1) 373 2,589 
teeta sua 767 906 CIA ,678 
65 125 Eurus 274 399 
5 (1) beds — () 
80 108 MODE 191 299 
D PCM 20 . Geo 20 
58 25 eee 81 56 
DEER (1) ee 2 3 
8 1 BREN 3 4 
„ Po 4 4 
PRODUCTION 
bearing refractories, and | chromium 
chemicals. 


The principal producers of chromium 
products were as follows: 


Plant 


Airco Alloys Division, Air Reduction Co. Inc. (Formerly Calvert City, Ky. 


Pittsburgh Metallurgical Corp.). 
Chromium Mining and Smelting Corp 
America). 
Interlake Steel Corp, 


Shieldalloy Corp 
Union Carbide Corp. 


Refractory industry: 
A. P. Green Refractory Co 


Foote Mineral Co. (Formerly Vandium Corporation of 


Ohio Ferro-Alloys Corp... 


Niagara Falls, N.Y. 
Charleston, S.C. 
Woodstock, Tenn. 
Vancoram, Ohio 
Graham, W. Va. 
Beverly, Ohio. 
Brilliant, Ohio. 
Takoma, Wash. 
Newfield, N.J. 
Niagara Falls, N.Y. 
Marietta, Ohio 
Alloy, W. Va. 


Mexico, Mo. 


The Babcock & Wilcox Co 


Augusta, Ga. 

Maple Grove, Ohio. 
Buckhannon, W. Va. 
Louisville, Ky. 
Newark, Calif. 
Plymouth Meeting, Pa. 
Baltimore, Md. 

Gary, Ind. 

Lehi, Utah. 


CHROMIUM 


Company 


H. K. Porter Co., Ine 
Harbison-Walker Refractories Co. (Division of Dresser 


Industries, Inc.). 


Kaiser Aluminum & Chemical Corp. 


North American Refractories Co 
Ohio Fire Brick Co. 


Chemical industry: 


Diamond Shamrock Cord 


Imperial Color & Chemical Department, Hercules 


Powder Co. Inc. 


Allied Chemical Corp, 
Pittsburgh Plate Glass Coo 


Domestic chromium alloy production 
returned to normal in the first quarter 
with the termination of labor problems 
at various ferrochromium producing plants 
of Union Carbide Corp. Work stoppages of 
5 to 7% months in 1966 and early 1967 
reduced output of alloy production, al- 
though supervisory personnel continued to 
keep the plants operating. 

Domestic chromium alloy production 
capacity was increased with the startup 
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Plant 


Pascagoula, Miss. 
Baltimore, Md. 
Warm Springs, Calif. 
Hammond, Ind. 
Moss Landing, Calif. 
Columbiana, Ohio. 
Womelsdorf, Pa. 
Jackson, Ohio. 


Kearny, N.Y. 
Painsville, Ohio. 
Glenns Falls, N.Y. 


Baltimore, Md. 
Corpus Christi, Tex. 


of a 25,000-kilowatt furnace by Union 
Carbide Corp. at its Alloy, W. Va., plant. 
The new furnace was of the rotating 
hearth type with an estimated annual 
capacity of 26,400 tons depending on type 
of alloy produced. 

Airco Alloys Division, Air Reduction 
Co. Inc., planned to install a new furnace 
at its Charleston, S. C. plant. The furnace 
was scheduled for completion in 1968. 


CONSUMPTION AND USES 


More than 60 percent of the chromite 
consumption was in the metallurgical in- 
dustry with the balance consumed in the 
refractory and chemical industries. The 
major metallurgical use of chromite was 
in conversion of ore to various types of 
chromium alloys, which in turn were used 
in the manufacture of stainless steel, other 
chromium-bearing steels, and chromium 
bearing alloys. 

High alumina and Transvaal chromite 
ores were used in manufacturing basic 
refractories used in  open-hearth steel 
furnaces, copper furnaces, glass-making 
furnaces, and other applications where a 
chemically neutral refractory was required. 

High-iron friable chromite ore was used 
in the chemical industry for producing 
chromates and bichromates for direct use 
or for production of other chromium 
chemicals. 

The metallurgical industry consumed 
853,000 tons of chromite containing 290,- 
000 tons of chromium in producing 426,- 
000 tons of chromium ferroalloys and 


metal. An additional 13,000 tons of chro- 
mite containing 6,000 tons of chromium 
was added directly to steel. Of the total 
consumed in making chromium ferroalloys 
and metal, 818,000 tons (averaging 50.3 
percent Cr2Os) was classified by consumers 
as metallurgical- grade ore; 5,000 tons 
(averaging 44.4 percent CrsOs) as chem- 
ical-grade ore; and 30, 000 tons (averaging 
34.6 percent CreOs) as refractory-grade 
ore. Of the metallurgical-grade ore, 77 
percent had a chromium-to-iron ratio of 
3:1 and above; 14 percent between 3:1 
and 2:1; and 9 percent less than 2:1. 
Producers of chromite-bearing refrac- 
tories consumed 308,000 tons of ore con- 
taining 72,000 tons of chromium. An addi- 
tional 2,000 tons was used directly in 
furnace repairs. | 
Stainless and alloy steel accounted for 87 
percent of chromium alloy end use con- 
sumption. Reduced output of these steels 
in 1967, reflected the decrease in con- 
sumption of chromium alloy products. 
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Table 3.—Consumption of chromite and tenor of ore used by primary consumer groups in 
the United States 


(Thousand short tons) 


Metallurgical Refractory industry Chemical industry Total 
industry 
Year Gross Average Gross Average Gross Average Gross Average 
weight Cr2Q3 weight Cr:O; weight Cr203 weight Cr203 
(percent) (percent) (pereent) (percent) 
1963 voice 8 632 48.7 368 34. 6 187 45.1 1,187 8 
1964. 832 49.0 430 33.8 189 45.1 1,451 44.0 
ö 8 907 49.8 460 34.7 217 45.0 1,584 44.8 
19662 938388ͤöüßöͤ ca tss 828 49.6 439 34.6 194 44.9 1,461 44.5 
19 ER 866 49.7 310 34.0 179 45.2 1,355 45.5 


Table 4.—Production, shipments, and stocks of chromium ferroalloys and chromium 
metal in 1967 


(Short tons) 


Production Producer 
Alloy — . F A Shipments stocks, 
Gross Chromium Dec. 31 

weight content 
Low-carbon ferrochromiu mn 112,699 79, 572 110,118 15, 445 
High- carbon ferrochromiu mn 201,094 135, 683 195, 533 22, 290 
Ferrochromium silicon. ------------2------------------ 92,916 39,138 90,527 11,429 
Other Ke ee oe pO EAE uS De LL 8 19,124 14,590 18,051 2,936 
DOUALA co unes oc mum ³ð A Eua nu Ee 425,833 268,983 414,229 52,100 


! Includes chromium briquets, chromium metal, exothermic chromium additives, and other miscellaneous 
chromium alloys. 


Table 5.—Consumption of chromium ferroalloys and chromium metal in the United 
States, in 1967 by major end uses 


(Short tons) 


Low High Ex- 
carbon carbon Ferro- othermie Chro- 
Use ferro- ferro- chro- ferro- mium Other ! Total 

chro- chro- mium chromium briquets 

mium mium silicon silicon 
Stainless steels 109,657 72,438 63,028 25 2,060 122 247,330 
High-speed steels 766 1,617 51 3 9 : 
Other tool steels 1,052 1,591 O20) 22852475 8 13 3,276 
Other alloy steels 222 14,098 40,155 5 ,926 4,907 602 7,299 72,987 
Gray and malleable castings. ....... 628 3,883 21 4 207 731 5,474 
High-temperature allovg 8,669 1,012 509 ....... 778 2,376 13,344 
Nickel-base alloys. ...............- 509 30 ..... „ 2 74 615 
Miscellaneous 3332 6,213 11,030 1,230 834 72 2,817 22,196 

Ota WEE 141,592 131,756 71,385 5,774 3,721 13,441 367,669 


! Includes exothermic high- and low-carbon ferrochromium, chromium metal, and other chromium alloys. 

? Includes carbon steel, and steel mill and other metal working rolls. 

3 Includes cutting and wear resistance materials, welding rods, alloy hard facing rods and materials, per- 
manent magnet alloys, aluminum- and copper-base alloys, metal to glass seal materials, electrical resistance 
alloys, friction materia], ceramic pigments, catalysts, and unspecified. 
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STOCKS 


Industrial inventory of chromite de- 
creased during the year, but the inventory 
remained at an adequate level. Stocks in 
the metallurgical industry decreased 4,000 
tons as government stockpile releases off- 
set reduced imports for consumption. 
Stocks at yearend, represented a 6-month 
supply. Stocks in the refractory industry 
were drawn down by 92,000 tons. This 
continued the trend of inventory reduction 
from the record level of 1962. At yearend, 


stocks represented a 19-month supply. 
Stocks in the chemical industry decreased 
13,000 tons and at yearend represented a 
17-month supply. 

Producer’s chromium alloy inventory in- 
creased 29 percent as the rate of demand 
slackened, owing to the slowdown in steel 
output. 

Stocks of chromium chemicals at pro- 
ducer plants decreased from 13,060 tons 
in 1966 to 9,115 tons in 1967. 


Table 6.—Consumers’ stock of chromite, December 31 


(Thousand short tons) 


Industry 1963 
Metallurgical. __.___-_____________________- 686 
Refractory ee u. uuu. uu uu 8 723 
Chemical... ...... 2.2 2... .......-. 174 
Ke DEER 1,583 
r Revised. 


1964 1965 1966 1967 
509 443 r 463 459 
600 526 578 486 
178 142 265 252 

1,287 1,111 r 1,306 1,197 


Table 7.—Consumers' stocks of chromium ferroalloys and chromium metal, December 31 


(Short tons) 


Low-carbon ferrochromiu mmm 
High- carbon ferrochromiu mmm 
Ferrochromium silicon 
Exothermic ferrochromium silicon 
Chromium briqu et 


Other (including chromium metal, exothermic high- and low- 


carbon ferrochromium, and other chromium alloys... . 


1963 1964 1965 1966 1967 
UNS 7,293 12,219 13,630 16,585 15,919 
mulus 6,049 13,862 14,707 12,606 11,417 
ET 2,558 6,455 4,673 4,838 6,610 
eee 610 775 987 885 604 
SNR 276 328 378 347 505 
ABMS 1,477 1,675 1,779 2,114 2,099 
as Denyse 18,263 35,314 36,154 37,875 37,154 


PRICES 


Quoted chromite ore prices remained 
unchanged during the first 6 months of 
1967, after which the price of Turkish 
metallurgical-grade ore increased in July 
and again in August. The combined in- 


crease totaled $2 per long-ton. Also in 
August, the quoted price for high-quality 
Russian chromite was increased $6 to $7 
per long-ton for 1968 contract delivery. 
Price of ‘Transvaal chromite remained 


essentially unchanged during the year. 
Term contracts for chromite are subject 


to negotiation and price was said to be 
lower than that quoted. 
Early in January, chromium alloy pro- 


ducers selectively increased the price of 
some chromium alloy products. Base price 
prevailing during the year for lump ma- 
terial in carload lots, f.o.b. shipping point 
with freight equalized to nearest main pro- 
ducer, per pound contained chromium 
was as follows: High- carbon ferrochro- 
mium (67 to 71 percent chromium, all 
grades carbon) 19 cents nominal; low- 
carbon ferrochromium (67 to 73 percent 
chromium, 0.05 percent carbon) 24.5 
cents; charge chromium (63 to 71 percent 
chromium, 4.5 to 6.0 percent carbon, 3 
percent maximum silicon) 15.3 cents; and 


blocking chromium (10 to 14 percent sili- 
con) 17.9 cents. 
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Table 8.—Price quotations for various grades of foreign chromite in 1967 


HSH. ⁵55w—P—PP————UTT dd ĩͤ»WA ͥͥꝗyp 


Source 


(percent) 


CrO; Cr/ Fe 


Price per long 
ratio 


Price per lon 
ton ! Jan. 1 p E 


ton ! Dec. 31 


— = = 


South Africa, Republic of (Transvaal) 
Southern Rhodesia 


444 $18.00-$21.50 519. 00-821. 50 
48-50 3:1 31.00- 35.00 31.00- 35.00 
4 3:1 32.50- 33.50 34.50- 35.50 
54-56 4:1 30. 50— 33.00 36. 50— 40.60 


— SSS 


1 Dry basis, subject to penalties if guarantees are not met, f.o.b. cars Atlantic ports, price nominal. 


Source: Metals Week. 


Electrolytic chromium metal (98.5 per- 
cent chromium) was priced at 95 cents 
per pound throughout the year. 

The first movement in price since 1956 
of sodium bichromate, base product of the 


chromium chemical industry, occurred in 
March 1966 when the price was increased 
from 13 cents to 14 cents per pound in 
carload lots. In October 1967 the quoted 
price was lowered to 13 cents per pound. 


FOREIGN TRADE 


Combined exports and reexports of 
chromite were the second highest on rec- 
ord, exceeded only by those of 1966. 
Canada and Mexico received the major 
quantity of the shipments. 

In 1967, ferrochromium was exported 
to 13 countries and totaled 13,453 tons 
valued at $3,479,000 compared with 7,617 
tons valued at $1,870,341 exported in 
1966. Reexports of ferrochromium totaled 
6,893 tons valued at $1,180,652. Canada, 
West Germany, and the United Kingdom 
received the majority of the exports while 
Canada was the main recipient of the re- 
exports. Chromium and chromium alloys, 
wrought or unwrought, and waste and 
scrap exported in 1967 totaled 92 tons 
valued at $201,343 compared with 130 
tons valued at $173,000 exported in 1966. 
Of the 19 countries receiving shipments in 
1966, Brazil received 48 percent of the 
total. Canada, France, and Italy were the 
main recipients in 1967. 

Exports of pigment-grade chromium 
chemicals decreased from 83 tons valued 
at $100,000 in 1966 to 37 tons valued at 
$56,000 in 1967. Exports of nonpigment- 
grade chromium chemicals decreased from 
788 tons valued at $482,000 in 1966 to 
706 tons valued at $392,000 in 1967. In 
both years, Canada, Mexico, and South 
American countries were the main recipi- 
ents of the exported chromium chemicals. 


Sodium bichromate and chromate ex- 
ports increased to 3,309 tons valued at 
$684,000 in 1967 from 2,619 tons valued 
at $569,000 in 1966. Canada and Colom- 
bia were the main recipients of the 24 
countries receiving shipments. 


Table 9.—U.S. exports and reexports 
of chromite ore and concentrates 


(Thousand short tons and thousand dollars) 


Exports Reexports 
Year — T 
Quan- Value Quan- Value 
tity tity 
1 9ͤö 8 7 $285 95 $3,719 
1966 3 ie 19 740 173 7,119 
1967_. ___.. .. 8 328 157 5,422 


Imports of chromite ore and concentrate 
in 1967 decreased sharply compared with 
those of 1966. Metallurgical-grade ore 
(over 46 percent CrzOs) comprised 44 per- 
cent of total imports, chemical-grade ore, 
(40—46 percent CrzOs) comprised 39 per- 
cent, and refractory-grade ore (under 40 
percent Cre2Os) 17 percent. 

Both high-carbon and low-carbon ferro- 
chromium imports dropped sharply com- 
pared with those of 1966, reflecting the 
settlement of the labor problems and the 
return to normal production levels of the 
major chromium alloy producer. 
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Table 10.—U.S. imports for consumption of ferrochromium, by countries 
(Short tons and thousand dollars) 


Low-carbon ferrochromium 


High-carbon ferrochromium 
(Less than 8 percent carbon) 


(8 percent or more carbon) 


Year and country Quantity Quantity 
— — — Value Value 
Gross Chromium Gross Chromium 
weight content weht content 
1966 

/ A a aE i 1,680 974 $380 nonus. canen Waina 

Fans 2, 595 1,904 552 28 19 

Germany, Wes ttt 3, 580 2,644 1.023 291 202 
C)) —VVV00000G00TT—T000—0B—V—wS 8 5 1,102 728 178 
2 oT: 1 EE 8,176 5,444 2,074 9,100 6,005 1,842 
e a aaan 5,184 3,564 1,365 757 537 186 
Rhodesia, Southern. .............. 5,223 8,777 CJ AAA See secs 
South Africa, Republic of... 39,274 26,024 9,726 10,588 6,944 1,828 
Sweden -2 ------------------ ,281 8,156 1-289..-- ees pees. 8 
Turkey a A Z ee s 3,922 2,760 952 uuu. EE 
United Kingdom................. ...... 2.2.2222 Lee eee 2,017 1,415 291 
Yugoslavia- ------------------ 57 55 OO EE 
ff d 134 94 ))) 
Total y r.. A esas 74,111 50,399 18,740 23,883 15,850 8,886 

1967: 

Belgium- Luxembourg 551 382 92 
Krancg. _ e See 8 2,261 1,625 605 28 19 5 
Germany, Wee 4,902 8,66 1,413 1,499 1,048 271 
PBly-.. i. er // que il DA uM iD 1,102 716 185 
Japan o 1,516 1,025 395 1,926 1,411 819 
NOrway.-.------------------------ 6,417 4,483 1,706 842 595 155 
South Africa, Republic of 22,416 13,791 5,168 2,565 1,480 828 
Sweden 347 5,410 2.098. eeu ` Aert waku a 
III/ A 3,792 2,662 77) bed 
USS ess oe 8 164 120 Boy tee, A ek 
Yugoslavia___.._.__._.___._..--- 154 109 99 A A oaee 
r ee ee 48 , 969 82 , 827 12,408 8,518 5,646 1,850 


Imports of chromium containing pig- 
ments continued to increase as follows: 
(1966 imports in parenthesis) chrome 
green, 154 tons (67), chrome yellow, 3,535 
tons (2,115), and chromium oxide green 
491 tons (760). Japan, West Germany, 
and Poland supplied most of the imports. 

Chromium carbide imports increased 


from 84 tons valued at $212,000 in 1966 
to 101 tons valued at $269,000 in 1967. 
mports of sodium chromate and bichro- 
mate decreased sharply in 1967 compared 
with those of 1966. Imports totaled 8,224 
‘tons valued at $1,438,000 compared with 
24,135 tons valued at $4,142,000 in 1966. 
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WORLD REVIEW 


Albania.—Production of chromite, main- 
ly refractory-grade, has steadily increased 
since 1938. Chromite is reportedly pro- 
duced at two mines in the Kukes area in 
the northeastern part of the country, and 
at Bulqiza where two mines at Klose and 
Kuesi were brought into production in the 
1960’s. Albania’s major chromite markets 
are Mainland China, Czechoslovakia, East 
Germany, Hungary, Poland, and Yugo- 
slavia. 

Australia.—Self-sufficiency in chromite 
may result from a rediscovered chromite 
prospect in a remote area of Victoria 


near Licola. The deposit originally dis- 
covered in 1875, was rediscovered in 
1950. Victorian Refining and Smelting 
Company Pty. Ltd. applied for a lease to 
exploit the deposit. A trial shipment of 
chromite was made to Japan for evalua- 
tion. 

Canada.—Exploration drilling for chro- 
mite was conducted on a number of claims 
near Cascade, British Columbia, by Hunter 
Point Exploration Ltd., subsidiary of Chro- 
mex Nickel Mines Ltd. Chromite occurs 
in pods and disseminations throughout an 
ultrabasic formation. 


Table 12.—World production of chromite by countries 1 


(Short tons) 
Country 1963 1964 1965 1966 1967 P 
North America: Cubana r 62, 422 r 36,213 e 83 000 e 33,000 e 83,000 
South America: 
Ball sew 18,798 10,406 18,695 16,495 7,567 
Colombia 12 441 Jö 8 
Europe: 

IT sn os a 828,657 838,218 r 842,000 * 845,000 e 849,000 
FFII; te e. cuui. | eae | deu nus iic 71,161 88 , 069 
Greece . 22222 2.2.2. 56,415 r 44,200 * 46,7 e 44,0 e 55,000 
USSR 2.2222 1,355,000 1,435,000 1,565,000 71,653,000 1,731,000 

n . Yugoslavia. ................ 103,364 97,398 88,021 59,757 1,987 
rica: 
Malagasy Republic. ......... 12,846 12,974 f ³o·¾˙i¼-/ĩ | L Zm Dal cus 
Rhodesia, Southern.......... * 412,394 r 493,371 * 645,501 NA NA 
Sierra Leone %%% & : iEn ⁰G—d!. lx ne ut mx 8 
South Africa, Republic of 873,212 936 , 468 1,038,498 1,169,488 1,266,615 
zn Sudan €... o 8 18,700 18,700 83,000 19,000 20, 
sia: 
CVUVDIUS- o cou ed einn 5,411 3,300 5,501 11,532 24,031 
IndiB- 12: cose r 76,078 88,547 r 65,791 85,601 114,605 
E e oo A us 222 25 110,000 132, 000 165, 000 193, 000 198, 000 
Japans a Sees 48 ,205 48 ,452 46,114 36,192 49,837 
Pakistans 16,023 14,884 15,972 29,924 e 34,000 
Philippines. ................ 506 , 094 515,969 611,288 617,426 462, 694 
T were er 312,817 454,907 625,078 r 588 , 282 5 678,412 
Oceania: 
Australia 180 80 t 25. sedate Wee ee 
New Caledonig u uu u... s Jovuvaccs h ⁵³ꝛ.ww- 2,010 
Totaal]! AE r 4,814,299 1 4,681,528 75,348,099 r 4,978,808 5,110,833 
e Estimate. P Preliminary. r Revised. NA Not available. 


1 Chromite was also produced in Bulgara, Rumania, and North Viet-Nam, but data not available. 


2 Bahia only. 
3 Crude Ore. 


* Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 


$ Probably crude ore. 


6 Total is of listed figures only; no undisclosed data included. 


Finland.—A ferroalloy plant was under 
construction at Tornio, Finland, by Outu- 
kumpa Oy a state-owned company. Sched- 
uled for completion by late 1967, plans 
call for producing a high-carbon low- 
chromium alloy for domestic consumption 
and export. The company's ore deposit 
near Kemi was estimated to contain 37 
million tons of low-grade chromite. Metal. 


lurgical tests indicated recoverable con- 
centrate would be about one-third of the 
ore mined. 

Greenland.—Reports indicated that large 
deposits of chromite were discovered in a 
mountain range south of Godthaab on the 
west coast of Greenland near the Fiske- 
naesset Peninsula. 

Greece.—Greece produced only refrac- 
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tory-grade chromite as the mine of Aspiote- 
Elka Chrome Mines, Ltd. which produced 
metallurgical-grade ore closed down early 
in the year. 

Swedish interests were reportedly inter- 
ested in developing chromite ore deposits 
on Mt. Vourinos, near Kozani. 

Hungary.—A 6, 500-ton-per- year sodium 
dichromate plant was ordered by the 
state-owned Hungarian trading organiza- 
tion, Chemokomplex. 

India.—It has been indicated that 
India's reserve of all grades of chromite 
ore is much more extensive than the 4.9 
million tons of proved reserves. Chromite 
occurrences throughout the country have 
been reported for a number of years, but 
most of the areas have not been studied in 
detail. 

Proved reserve of 2 million tons of chro- 
mite occurs near Boula and Nashahi in 
the Keonjhar District of Orissa. There are 
other important deposits at  Jojohatu, 
Singhbhum District, Bihar; Sukinda, 
Cuttack District, Orissa; Bryapur, Has- 
san District, Mysore; Sinduvalli, Tallur, 
and Doddakattur, Mysore; Pauni, Bhan- 


dara District, Maharashtra; and Kan- 
kauli and Vagda, Ratnagiri District, 
Maharashtra. The ores of Orissa are 


generally metallurgical grade while those 
of Bihar and Mysore range from high- 
quality chemical grade to refractory 
grade. 

A ferrochromium plant under construc- 
tion at Jaipur Road, Orissa, was scheduled 
for completion in 1968. The plant was de- 
signed for output of 10,000 tons of low- 
carbon ferrochromium annually with pro- 
vision for expansion to 25,000 tons. 

Iran.—An accelerated highway construc- 
tion program and the opening of the new 
port at Bandar Abbas, Iran, which has an 
ore-loading jetty that will be used exclu- 
sively for chromite ore, places Iran in a 
position to take full advantage of the fav- 
orable world chromite market. The new 
facilities are able to support an increase in 
exportation of Iran’s chromite ore. The 
major chromite producing areas in south- 
ern Iran, the Abdasht and Fariab mines, 
were attempting to increase production 
and improve mining techniques. 

Japan.—Showa Denko K.K. completed 
construction of a new low-carbon ferro- 
chromium plant with a capacity of 10,000 
tons per year. The firm plans to use a 
modification of the conventional three- 
stage process currently used. Japan pro- 
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duced 151,296 tons of ferrochromium in 
1966 and 217,603 tons in 1967. 

Malagasy Republic.—Work was initiated 
to develop chromite deposits at Andria- 
mena west of Lake Alatora. The deposits 
contain about 6 million tons of low-grade 
(up to 40 percent Cr20s) chromite. Plans 
call for production of 85,000 tons per 
year of low-ratio concentrate with startup 
of the mine scheduled in 1969. 

New Caledonia.—New Caledonia ex- 
ported 1,362 tons of chromite to Japan. 
This was the first chromite exported from 
New Caledonia since 1964, and the first 
mine production since 1962. The ore was 
reportedly from two surface mines in the 
Tontouta region and contained 49 percent 
Cr203 with a chromium-to-iron ratio of 
2.66. 

Pakistan.—Pakistan’s chromite produc- 
tion has steadily increased from 15,000 
short tons in 1964 to 30,000 tons in 1966. 
Production in 1967 has been estimated at 
34,000 tons. Pakistan Chrome Mines, Ltd., 
currently the country’s only producer of 
chromite, plans to increase production by 
an additional 10 percent in 1968. 

Philippines.—Of the total chromite ore 
produced in the Philippines, refractory- 
grade chromite amounted to 81 percent in 
1966 and 68 percent in 1967. Exports 
totaled 325,000 tons in 1967; 55 percent 
was shipped to the United States; 18 per- 
cent to Europe; 17 percent to Japan; 6 
percent to Canada; and 4 percent to other 
countries. Virtually all of the metallurgical- 
grade chromite production was exported 
to Japan. Acoje Mining Co., main pro- 
ducer of metallurgical-grade chromite, be- 
gan mining chromite by open-cut methods 
late in 1966 in order to increase produc- 
tion. 

Rhodesia, Southern.—Voluntary sanc- 
tions imposed by various countries in 1966, 
at the request of the British Government, 
were not entirely effective as total exports 
decreased only 36 percent. On December 
16, 1966, the United Nations Security 
Council passed a resolution which imposed 
mandatory sanctions against Southern 
Rhodesia. Under terms of the resolution, 
all member states were to prohibit imports 
of chromite along with 11 other com- 
modities. 

Operations of Rhodesia Chrome Mines 
Ltd. and African Chrome Mines Ltd., both 
Union Carbide subsidiaries, were placed 
under the direction of a new company, 
Union Carbide Southern Africa, Inc., 
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early in 1967. Union Carbide’s ferrochro- 
mium subsidiary, Union Carbide Rhomet 
at Que Que also comes under the new 
company. 

The Anglo-American Corp. carried out 
studies on three concessions covering two 
chemical-grade chromite seams in the cen- 
tral and southern portions of the Great 
Dyke to determine whether the ore was 
suitable for metallurgical purposes. 

Sudan.—Chromite deposits in the Sudan 
are located in three principal areas: The 
Ingessana Hills south of Roseiris; Guala 
en Nahl area, Kassala Province; and in 
the northern part of the Red Sea Hills. 
The Ingessana deposits appear to be 
higher grade and more economical to 
operate although the Red Sea Hills area 
has not been explored thoroughly. 

Turkey.—In 1966 Turkish exports of 
chromite reached the highest level since 
1958 totaling 550,000 tons. In 1967, ex- 
ports decreased to 358,000 tons of which 
the United States received about 30 per- 
cent compared with 42 percent in 1966. 
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The decrease in exports was attributed to 
various factors including the exhaustion of 
accumulated stocks. 

United Kingdom.—Union Carbide UK 
Ltd. closed down its high-carbon ferro- 
chromium plant at Wincobank near Shef- 
field due to economic factors. Small fur- 
naces, high power costs, and loss of 
Rhodesian ore contributed to the decision 
for closure. 

Associated Chemical Companies (Mfg.) 
Ltd. transferred its chromium compound 
manufacturing operations to its Urlay 
Nook works, making it the sole produc- 
ing plant in Britain. 

Yugoslavia.—Chromite production in 
Yugoslavia primarily came from one mine 
where two grades of lump ore and con- 
centrate are produced. The lump ores 
produced contain 50 and 44 percent Cr20s, 
whereas concentrates contain 48 percent 
Cr20s or higher. Because of the friability 
of the ore, only about 60 percent of the 
production is lump ore, the balance is con- 
centrated. 


TECHNOLOGY 


Advantages and technical details of the 
use of chromite sand in foundry applica- 
tions were described.? In certain applica- 
tions, chromite sand outperforms both 
silica and zircon as a molding and core- 
making medium to produce better castings. 

Crucible Steel Co. announced š a process 
for the direct production of stainless steel 
from ores. The process includes blast fur- 
nace reduction of chromite and iron ore 
to form a molten chromium-bearing pig 
iron. An induction furnace receives the 
tapped hot metal and acts as a holding 
furnace while temperature and composition 
are adjusted. An oxygen converter refines 
the alloyed iron to the final composition 
prior to casting. 

Furnace equipment and operating re- 
sults for the production of charge-grade 
high-carbon ferrochromium in an electric 
furnace were described.“ The three-phase 
stationary furnace with 35-inch diameter 
electrodes was powered by an 11,250-kilo- 
volt-ampere transformer. During a 2-month 
operating period, production of shippable 
alloy averaged 55.6 tons per day with an 
85.8 percent chromium recovery. Power 
consumption averaged 3,375  kilowatt- 
hours per ton of shippable alloy. 

Evidence in recent years indicates that 
trace amounts of chromium, along with 


other elements, plays an important role 
in animal nutrition.“ Trivalent chromium 
acts as a cofactor with insulin for optimum 
glucose utilization. Chromium deficiency 
can impair glucose tolerance which can 
be reversed by chromium supplements. 

The Bureau of Mines studied the effect 
of temperature upon the reduction of chro- 
mite by carbon and the relative reduci- 
bility of chromite as a function of its com- 
position.“ 

Recrystallization studies were made by 
Bureau researchers on chromium-bcarinz 
spinel to determine the effects of certain 
fluxing agents and cooling rates on the 
chromium- to- iron ratio of recrystallized 


spinel.” 
A laboratory study investigated the 
fundamental flotation characteristics of 


2 Raglin, Edward F. Chromite Sand. Foundry, 
v. 94, No. 9, September 1966, pp. 177—186. 

3 Steel. V. 158, No. 19, May 9, 1966, pp. 46— 
48 


4 Leeper, R. A., and T. J. Dyrdek. Smelting 
of High-Carbon Ferrochromium in a Three- 
Phase Electric Furnace J. Metals, v 18, No. 
3, March 1966, pp. 353-356. 

5 Chemical & Engineering News. V. 44, No. 
20, May 16, 1966, pp. 48—50. 

6 Hunter, Willard L., and Danton L. Paulson. 
Carbon Reduction of Chromite. BuMines Rept. 
of Inv. 6755, 1966, 20 pp. 

7 Town, J. W., W. A. Stickney, G. T. Engel, 
and P. E. Sanker. Recrystallization of Chrome 
Spinel. BuMines Rept. of Inv. 6923, 1967, 30 pp. 
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chromite and  serpentine. Floatability 
curves were developed from data secured 
by varying sodium oleate, used as a col- 
lector, and the pH of the system. Effective 
flotation occurred when the collector con- 
centration was 10 to 100 milligrams per 
liter at pH values of between 3 to 11. The 
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effect of dissolved metal ions in the pulp 
filtrate on the floatability of chromite was 
also investigated. 


8 Sagheer, M. Flotation Characteristics of 
Chromite and Serpentine. Trans. Soc. of Min. 
Eng., v. 235, No. 1, March 1966, pp. 60—67. 
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Clays 


By James D. Cooper 


Clay production was down 4 percent in 
quantity in 1967, but due to higher unit 
prices for all clays except bentonite, the 
total value was up about 1 percent. Only 
one type of clay, fuller’s earth, registered 
a gain in tonnage produced, while all 
other types showed declines ranging from 
1 to 9 percent. Since 1960, the net ex- 
portation of clays has doubled in quantity 
and tripled in value, and in 1967 clay 
exports exceeded imports by more than 1 


million tons and over $30 million. More 
than half of the exported clays went to 
Canada. 

Georgia maintained its predominant 
position in the domestic clay industries in 
1967, and although Ohio and Texas pro- 
duced almost equal quantities, the value 
of Georgia clays was more than one third 
of the national total, and was several 
times the value reported for clays in any 
other State. 


Table 1.—Salient clay and clay products statistics in the United States 
(Thousand short tons and thousand dollars) 


1963 


Domine clays sold or used by producers. 50,135 
alu 


)J ͤ K ( SUPER $180,810 
Epert, O ¿u ISO 739 
NAG s. onc a SS $21,374 
Imports for consumption. ............. 126 
ö 8 $2,413 
Clay refractories, shipments (value) $179,512 
Clay construction products, shipments 
(value). oooh ĩ ͤ K nea ner eU $538,600 


* Revised. 


1964 1965 1966 1967 
52,947 55,126 r 56,713 54, 664 
$192,631 $204,932 r $221,714 $223,987 
848 850 1,074 1,149 
$24,973 $25, 595 531, 135 $32,432 
137 110 139 108 
$2,638 $2,137 $2,883 $2,235 
$205,267 $228,876 $243,516 $197,863 
$569,200 $578,190 $554, 667 $538,110 


REVIEW OF DOMESTIC PRODUCTION, PRICES, AND 
FOREIGN TRADE, BY TYPE OF CLAY 


KAOLIN 


Kaolin production declined appreciably 
in quantity in 1967, due to a return to 
normal demand for refractory grade ma- 
terial. A shortage of calcined bauxite in 
1966 had created an abnormal demand 
for substitute materials, causing refractory 
grade kaolin output to more than double. 
The average unit value of kaolin sold or 
used in 1967 increased by 9 percent, so 
that in spite of a 9 percent decrease in 
volume for the year the total value was 
down less than 1 percent. 

Imports of kaolin, mostly from the 
United Kingdom, declined in 1967, fol- 
lowing a longstanding general downward 


trend. In 1967, a total of 92,096 tons, 
valued at $1.8 million, was obtained from 
foreign producers compared with imports 
of 116,826 tons worth $2.4 million in 
1966. Exports of kaolin, which have 
grown rapidly during the past decade, 
continued to increase in 1967 for a total 
of 321,929 tons valued at $9.9 million 
compared with exports of 253,408 tons 
valued at $8.4 million in 1966. Canada 
was the major importing country, ac- 
counting for 180,000 tons, followed by 
Japan, (38,000 tons), Italy, (31,000 


tons), and Mexico, (13,000 tons). 


1 Commodity specialist, Division of Mineral 


Studies. 
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Figure 1.—Kaolin sold or used by domestic producers for specified uses. 


CLAYS 


Kaolin prices, as quoted in Oil, Paint 
and Drug Reporter at the end of 1967, 
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were as follows: 


Water washed, calcined, bulk, carload lots, f.o.b. Ga. .............. $54—$55 
Water washed, partially calcined, same basis. ........... es 41- 42.50 
Water washed, paper grade, uncalcined, same basis: 
No: WEE EE ³ A ĩ 34 35.50 
NM ð·ð¹ wm y er ease 26- 27.50 
No. eati ggg ee ees 25- 26.50 
Water washed, delaminated, 1-micron average, same basis........... 56 
Dry ground, air floated, soft, same VV tained ies sa aus a E 12.50 
National Formulary, powder, fiber drums, per pound............... 0.10- 0.12 
National Formulary, colloidal, 50 bags, per pound................. 0.155-0.175 


Price increases were scheduled to go 
into effect sometime early in 1968. 


BALL CLAY 


Ball clay production declined 2 percent 
in quantity in 1967, the second consecu- 
tive annual drop, but increased 2 percent 
in value. The use pattern remained es- 
sentially unchanged, except for whiteware 
requirements which decreased by 20 thou- 
sand tons, and for clay construction prod- 
ucts requirements which increased about 
10 thousand tons. The three major uses, 
whiteware, floor and wall tile, and re- 
fractories, accounted for 85 percent of the 
total quantity sold or used, with lesser 
quantities going into enamel, fillers and 
several miscellaneous products. 

Production of ball clay was from six 
States, with Tennessee alone accounting 
for two-thirds of the total, and together 
with Kentucky and Mississippi, the two 
other major producing States, for 94 per- 
cent. California, Maryland, and Texas 
together were responsible for about 6 per- 
cent of the output. 

Imports in 1967 consisted of 10,064 
tons of unbeneficated ball clay valued at 
$143,384 and 3,038 tons of beneficiated 
material valued at $123,403. In 1966 the 
quantities were 11,733 tons of unbenefi- 
ciated, and 3,936 tons of beneficiated ball 
clay, worth $146,155 and $111,939 re- 
spectively. Virtually all of the material 
came from the United Kingdom. 

Price quotations for ball clay published 
in Oil, Paint and Drug Reporter remained 
unchanged during 1967, as follows: Do- 
mestic, air floated, bags, carload lots, 
Tennessee, $18 to $22 per ton; domestic, 
bulk, crushed, moisture repellent, carload 
lots, Tennessee, $8 to $11.25 per ton; 
imported, air floated, bags, carload lots, 
Atlantic ports, $46.50 to $48.25 per ton; 


imported, lump, bulk, carload lots, Atlan- 
tic ports, $31.50 to $37.50 per ton. 


FIRE CLAY 


The downward trend in fire clay output 
continued, with production down 9 per- 
cent in 1967; however, the total value in 
1967 was essentially unchanged from the 
1966 figure reflecting the substantial price 
increases announced in 1967 for various 
refractories and other products made from 
fire clays. The major uses remained essen- 
tially unchanged, with 50 percent of the 
fire clay output going into refractories, 45 
percent into heavy clay products, and 5 
percent into a variety of nonrefractory 
products. 

Fire clay exports decreased in 1967, 
totaling 176,367 tons worth $2,789,361, 
compared with 215,534 tons valued at 
$3,396,176 in 1966. The major recipient 
countries in 1967 were Canada and Mex- 
ico, which took 55 percent and 39 per- 
cent respectively of the tonnage. Imports 
of fire clay were insignificant. 

Kaiser Refractories was expanding and 
improving its facilities throughout the 
world. In the United States a $7.5 million 
expansion was under way at Mexico, Mo., 
and a $2 million addition was being in- 
stalled at Columbiana, Ohio, for produc- 
tion of basic-oxygen-furnace refractories. 
Construction of a new research center was 
started in California. A. P. Green Re- 
fractories Co. had a $13 million expansion 
program in progress, including a new $2 
million refractories plant at Eufaula, Ala. 
A. P. Green purchased the H. K. Porter 
Co. Inc. plant at Canyon City, Colo., and 
planned to use the facilities for grinding 
and treating bone ash for use in cupels 
and other assay equipment which is manu- 
factured at the firm’s Denver plant. Near 
the end of 1967, A. P. Green announced 
plans to merge with United States Gyp- 
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sum Co. Other major plant construction 
during the year included a $6 million ex- 
pansion by The Chas. Taylor Sons Co. at 
South Shore, Ky; completion of a $3.5 
million new modern plant at Newell, W. 
Va., by Globe Refractories, Inc.; and a 
new plant at Fulton, Mo., built by H. K. 
Porter Co., Inc., to replace an older fa- 
cility at St. Louis. Walsh Refractories 
Corp. had a plant modernization program 
in progres at Vandalia, Mo. New re- 
search laboratories of The Babcock & 
Wilcox Co. at Alliance, Ohio, were dedi- 
cated in May 1967. 

Several ownership changes were accom- 
plished or in process in 1967. Harbison- 
Walker Refractories Co. and Dresser In- 
dustries, Inc. announced approval by the 
boards of directors of a joint plan to 
merge Harbison-Walker into Dresser. The 
Ramtite Co. and Refractory & Insulation 
Corp. were combined into a new firm, R 
& I-Ramtite Co. by the parent company, 
Combustion Engineering, Inc. Electro Re- 
fractories & Abrasives Corp. changed 
ownership when it was sold for $8.8 mil- 
lion to Ferro Corp. E. J. Lavino & Co,, 
with plants in Pennsylvania, California, 
and Indiana, was acquired by Interna- 
tional Minerals & Chemical Corp. early 
in the year. 


BENTONITE 


Bentonite output was down 1 percent 
in quantity and 7 percent in value in 
1967. The quantities for major uses de- 
clined, with the exception of that pro- 
duced for iron ore pelletizing, which rose 
significantly. Activity in the bentonite 
industry remained high, with new or ex- 
panded mines and processing plants com- 
pleted or under construction in Wyom ng, 
Montana, California, and Missouri. 

The Quantity of bentonite used for 
pelletizing in the United States and Can- 
ada has grown rapidly since 1960, but 
pellet capacity is rapidly leveling off, and 
bentonite production for this use should 
follow suit. Barring major increases in 
demand for existing uses or for major 
new uses, the growth rate for bentonite 
should slow down appreciably by 1970. 

A total of 318,653 tons of bentonite 
valued at $7,701,766 was exported in 
1967, compared with 302,797 tons worth 
$8,001,547 in 1966. The drop in total 
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value of exports in 1967 was apparently 
due to increased shipments of the lower- 
unit-cost iron ore pelletizing clays and 
decreased shipments of the more expen- 
sive qualities, such as those used for drill- 
ing muds and for filtering and clarifying 
oil. Significant increases in the quantities 
shipped to Australia and West Germany 
off set the drop in Canadian purchases. 
The largest recipients in 1967 were, Can- 
ada, 183,323 tons; Australia, 31,198 tons; 
United Kingdom, 25,392 tons; and West 
Germany, 22,153 tons. Equivalent figures 
for 1966 were, Canada, 207,495 tons; 
Australia, 14,442 tons; United Kingdom, 
29,719 tons; and West Germany, 3,598 
tons. Imports of bentonite in 1967 were 
very small, with Italy supplying 120 tons 
worth $5,823 and West Germany 1 ton 
worth $540. 

Prices for bentonite during 1967, as 
quoted in Oil, Paint and Drug Reporter, 
were as follows: Domestic, 200 mesh, in 
bags, carload lots, f.o.b. mines, $14 per 
ton; imported Italian, white, high gel, in 
bags, 5-ton lots, ex-warehouse, $91 per 
ton. The average unit value of domestic 
output was $10.03 per ton, a substantial 
reduction. from the figure of $10.69 in 
1966. Greater domestic sales of low-cost 
bentonite for iron ore pellet binder and 
lower sales of other qualities affected the 
average unit value adversely. 

New developments in the industry in- 
cluded completion of a processing plant 
at Colony, Wyo., by International Min- 
erals & Chemical Corp., and opening of a 
vertical bentonite bed by Wyo-Ben Prod- 
ucts, Inc. A new clay mining and proc- 
essing firm, Missouri Clay Products Co., 
was formed; plans were announced for 
producing Porter's Creek montmorillonitic 
clays for use as iron ore pellet binder at 
the Pea Ridge plant of Meramec Mining 
Company. A D M Chemicals division of 
Ashland Oil and Refining Co. purchased 
bentonite claims covering about 25 square 
miles near Glasgow, Mont, and an- 
nounced plans for a 300,000-ton-per-year 
bentonite mining and processing facility. 
In California, Baroid Division of National 
Lead Co. was expanding its bentonite 
processing facilities at Newberry. New 
spray dryers and drum dryers were to be 
added as well as wet-room facilities for 
handling clay in slurry form. 
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were estimated at about 250,000 tons in 
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tons in 1960 to an estimated 230,000 tons 


in 1967. Sales for other absorbent uses, 
continued high in 1967 with a total of 
180,500 tons sold or used by producers, 
slightly under the record 189,758 tons 


rier for insecticides and fungicides 
sold or used in 1966. 


principally floor 


960 


the 


958 
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FULLER'S EARTH 
Approximately half of 


Figure 2.—Bentonite sold or used by domestic producers for specified uses. 

Fuller's earth was the only type of clay 
to register a production increase in 1967. 
The quantity sold for absorbent uses con- 
tinued to grow, more than enough to 
compensate for decreases in all other use 
mated to be for animal litter, a market 
which has grown from a few thousand 


categories. 


Canada and 


ports increased from 23,278 tons valued 
the European countries took about 90 per- 
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Prices for fuller’s earth are not quoted material classified as fuller’s earth to the 


in the trade journals. The average value United States in 1966, but no shipments 


increased from $24.16 per ton in 1966 to were received from Surinam in 1967. Ex- 


$25.55 per ton in 1967. 
Imports of fuller’s earth were 80 tons at $1,164,311 in 1966, to 30,347 tons 


valued at $6,594 in 1967, supplied by worth $1,497,674 in 1967. 
United Kingdom, Italy and West Ger- 


many. Surinam shipped over 2,000 tons of cent of the exports, with Australia and 
900 
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Figure 3.—Fuller’s earth sold or used by producers for specified uses. 
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the Republic of South Africa accounting 
for most of the balance. 

Southern Clay Co., Inc., Paris, Tenn., 
acquired Star Enterprises, Inc., a fuller’s 
earth producer in Pulaski County, III., 
and Tennessee Absorbent Clay Company 
of Paris, Tenn. The processing facilities of 
the latter firm were closed down. Mid 
America Clay and Minerals Corp. was 
installing equipment for a new fuller’s 
earth plant at Oran, Mo. Principal sales 
outlets were to be producers of insecti- 
cides and other agricultural chemicals. 


MISCELLANEOUS CLAY 


Miscellaneous clays are the common 
clays and shales used for making brick, 
other heavy clay construction products, 
lightweight aggregates, and cement. Out- 
put in 1967 decreased 2 percent in quan- 
tity but increased 4 percent in value. A 
significant increase was registered for the 
quantity used for production of light- 
weight aggregates. The quantity used in 
cement remained essentially the same as 
in 1966, and the quantity for heavy clay 
construction products declined. These ma- 
jor uses accounted for more than 98 per- 
cent of the total production in 1967. Most 
producers of miscellaneous clay also man- 
ufacture clay products, and in 1967 more 
than 97 percent of all of the miscellane- 
ous clay output was captive. 

Exports of clays as to type are included 
in a basket category by the Bureau of the 
Census. These are for the most part high- 
quality clays but export data are included 
in this section for convenience. In 1967 
a total of 302,146 tons of such clays, 
worth $10,522,428 was exported to many 
countries throughout the world, with 
Canada, Japan, The Netherlands, and 
Italy receiving the largest quantitics and 
together accounting for 55 percent of the 
total. 

A number of new structural clay prod- 
ucts plants were completed or under 
construction during the year. Glen-Gery 
Shale Brick Corp. started a $7.5 million 
expansion program to increase  brick- 
making capacity from 300 million to 450 
million brick per year. In addition to 
expansion and modernization of existing 
facilities, three new plants were included 
in the program. Belden Brick Co. was 
building a new  795-million-brick-per- 
year plant at Sugarcreek, Ohio. In 
Pennsylvania, Manor Brickcrafters com- 
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pleted a new plant for production of 
molded brick at New Oxford, and Mil- 
liken Brick Co. was building a new face 
brick plant at Harmarville. Expansion to 
double the capacity of the Darlington 
Brick Co. in Beaver County to 100,000 
glazed brick per day was in progress. 

An Economic Development Adminis- 
tration (EDA) loan was instrumental in 
establishing a new face brick plant at 
Myrtle Beach S.C. The plant, which can 
produce 25 million distinctive face brick 
per year, was built by Waccamaw Clay 
Products Co. Another EDA loan was 
made to United Clay Pipe Co., Seminole, 
Okla., to build a $2 million plant for 
manufacture of 40,000 tons of vitrified 
clay sewer pipe per year. 

Hydraulic Press Brick Co. closed its 
brick plant in St. Louis, Mo. The firm 
has five other brick plants in Illinois 
and Indiana, and has kept its St. Louis 
warehousing and distribution facilities. 

During 1967 only one major new plant 
was completed, that of Kaiser Sand and 
Gravel Division of Kaiser Industries at 
Sunol, Calif. The intensive preliminary 
planning, for minimizing undesirable 
operating conditions and for eventual 
rehabilitation of the 120-acre area for 
benefit of the residents of the area, ex- 
emplifies the type of long range study 
which is becoming essential to optimal 
use of mineral resources in urban areas. 

Although the normal economical ship- 
ping distance for lightweight aggregates 
is about 200 miles, much greater hauls 
are feasible under certain circumstances. 
A substantial quantity was shipped by 
low cost barge freight from the Big 
River Industries plant at Erwinville, La., 
to Chicago, Ill., in 1967. 


CONSUMPTION AND USES 


Heavy clay construction products ac- 
counted for 41 percent of the total clay 
output in 1967, compared with 43 per- 
cent in 1966. Cement manufacture re- 
quired slightly over 20 percent of the 
total in 1967, little change from 1966, 
and 16 percent went into lightweight ag- 
gregate production, against 15 percent 
in 1966. Clays used in refractories 
dropped to less than 10 percent of total 
output in 1967, compared with more 
than 11 percent in 1966. 


Refractories.— The quantity of clay used 
in refractories in 1967 declined by 15 
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percent; kaolin use fell by 443,000 tons, 
representing nearly half of the decrease, 
and fire clay use dropped by 401,000 tons. 
Production of fire clay refractories dropped 
by 19 percent in value in 1967. 

Nonclay refractories shipments were 
down 14 percent in value in 1967, with 
brick and shapes showing the most 
significant decreases. Shipments of silica 
refractories, once very important to the 
steel industry, slipped by 27 percent, and 
in 1967 totaled only 71 million 9-inch 
equivalents compared with over 300 
million 9-inch equivalents per year in the 


1950s. 


Heavy Clay Products.—Shipments of 
heavy clay products declined in both 
quantity and value in 1967, with all 
major categories of products showing de- 
clines in volume; only one category, 
vitrified sewer pipe and fittings, reg- 
istered a slight increase in total value. 
In spite of the decreases in shipments, 
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the major producers continued to im- 
prove and modernize their production, 
sales, and distribution facilities; to pro- 
duce more attractive and more economi- 
cal building products; and to support 
more active promotion of clay construc- 
tion products for both conventional and 
important new applications. 


Lightweight Clay and Shale Aggregates. 
—Production of lightweight aggregate 
from clay and shale rose 5 percent in 
1967 compared with a 13-percent in- 
crease in 1966. A total of 54 firms op- 
erated 69 plants in 32 States during 
1967. 

Output of lightweight aggregate from 
slate is not included with the figures for 
clay and shale. The quantity of slate 
used in 1967 was 649,000 tons, compared 
with 758,000 tons in 1966. Total plant 
capacity for production of lightweight 
clay, shale, and slate aggregates was 
about 13 million tons at the end of 1967. 


WORLD REVIEW 


Australia. —At Port Adelaide, South 
Australia, Kaiser Refractories (Pty.) 
Ltd. completed and started operating its 
second specialty refractories plant for 
production of fire clay and basic re- 
fractory products. A substantial invest- 
ment was made during the year by A. P. 
Green Refractories Co. in Newbold Gen- 
eral Refractories, Ltd., New South 
Wales. 


Canada.—The Algoma Central Railway 
was reported to be developing a large 
kaolin deposit in the Hearst area of 
northern Ontario to supply a substantial 
part of Canada's needs, particularly in 
the paper industry. Also in Ontario, 
Kaiser Refractories started construction 
of a new refractory brick plant at Oak- 
ville. 


Czechoslovakia.—Plans were announced 
for increasing annual kaolin output at 
the mining center of Horni Briza from 
145,000 tons to at least 220,000 tons. 
Equipment was to be purchased from 
European and British firms. 


France.—Kaolin deposits in western 
France were under development by or 
subsidiary of Compagnie de Mokta. 
Kaolin from the deposits was intended 
to replace the substantial quantities of 


high-quality paper coating clay that are 
presently imported. 


Greece.—Output of bentonite, which 
nearly doubled in 1966, experienced a 
substantial increase again in 1967, from 
about 100,000 tons in 1966 to 132,000 
tons in 1967. 


Italy.—Bentonite output, second only to 
the United States, totaled 270,000 tons 
in 1967, a substantial increase over the 
1966 figure of 237,000 tons. Bleaching 
clay production also rose from 96,000 
tons in 1966 to 102,000 tons in 1967. 
Fire clay production, however, dropped 
from 319,000 tons in 1966 to 310,000 
tons in 1967. 


Mexico.—Bentonite production rose 
from 28,000 tons in 1966, to 36,000 tons 
in 1967. Fuller’s earth output more than 
tripled, from 6,700 tons in 1966 to 
20,000 tons in 1967. More than 100,000 
tons of fire clay was produced in 1967. 


Morocco.—Morocco produced a signifi- 
cant quantity of montmorillonitic clays, of 
which 28,000 tons was classified as 
smectite, 7,500 tons as bentonite, and 
4,900 tons as ghassoul. 


Mozambique.—A new firm, Mineira 
Industrial, was authorized to produce 
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bentonite from deposits west of Lourenco 
Marques containing 5 to 10 million tons. 
Monthly output was to be about 150 
tons. 


New Zealand A detailed drilling pro- 
gram and feasibility study were under 
way on bentonite in the Coalgate area to 
determine if an economic bentonite ex- 
port business could be established to 
furnish clay binder for the growing 
iron ore pelletizing industry. Pilot plant 
tests were to be made in New Zealand 
and in the United States. 


Peru.—Peru has developed bentonite 
clay deposits in order to furnish binder 
clay for iron ore pelletizing by Marcona 
Mining Co. at San Nicolas. À total of 
18,500 tons of bentonite was produced 
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in 1967 compared with only 1,800 tons 
in 1966. About 350,000 tons of miscel- 
laneous clay and 5,500 tons of fire clay 
was mined in 1967. 


Senegal.—Opening of a new plant for 
production of attapulgite was announced 
early in 1967. The plant, which is about 
60 miles from Dakar, will produce ma- 
terial primarily for export to Europe.’ 
Output during the first year of operation 
was 1,650 tons. 


United Kingdom.—To meet the need 
for improved port facilities, English 
China Clay Lovering and Pochin, Ltd., 
was considering leasing and improving 
the port of Fowley. Exports of 2.5 mil- 
lion tons of kaolin per year by the firm 
were projected for the mid-1970's. 


TECHNOLOGY 


The Bureau of Mines continued re- 
search on a number of problems related 
to clay resources. Field and laboratory 
studies on Minnesota glacial lake clay 
deposits resulted in development of a 
potential iron ore pellet binder using 
Minnesota clay alone, or equal parts of 
western bentonite and Minnesota clay. 
The glacial lake deposit, near Cook, 
Minnesota, contains several hundred mil- 
lion tons of clay, and use of the local 
clay by Minnesota taconite pelletizing 
plants would result in substantial savings 
in freight costs. 

The Bureau’s cooperative studies on 
clay included work with 13 State min- 
eral resource agencies in 1967. The work 
varied from state to state depending on 
the resources problems involved. Some 
studies were statewide and general, 
while others were designed to solve more 
specific and restricted problems, such as 
those arising from urban encroachment 
into active or potential clay mining areas. 
Efforts were made during the year to 
improve the cooperative work by includ- 
ing a greater variety of minerals, by 
bringing more States into the program, 
and by improving testing and reporting 
methods and procedures. A report on the 
clays in the eastern counties of Virginia 
was published.“ 

Bureau of Mines research continued 
on fine attrition grinding of minerals, 
which has been successfully applied for 
commercial processing of high-grade 


kaolin products. During 1967 successful 
grinding tests were made on clays other 
than kaolin and on a variety of other 
minerals. Research underway for many 
years on methods of extracting alumina 
from clay was continued, and a report 
on evaluation of a lime-soda sinter process 
was published. A Bureau of Mines 
study of potential aluminum ores culmi- 
nated in publication of a report that in- 
cluded extensive reporting on large 
reserves of fire clay, kaolin, ball clay and 
bauxitic clay throughout the United 
States and possessions.* 

The last in a series of reports on clays 
and shales in the North Central States 
suitable for production of expanded 
lightweight aggregates was published. 
This paper reports that of 10 large 
channel samples taken in Michigan, 
two from Presque Isle County showed 
the most favorable characteristics for 
production of acceptable expanded ag- 
gregates meeting American Society for 
Testing and Materials specifications under 
designation C 330-60T for strength and 

2 Mining Journal (London). V. 268, No. 6858, 
Jan. 27, 1967, p. 64. 

3 Johnson, Stanley S., and Miles E. Tyrell. 
Analyses of Clay and Related Materials—Eastern 
Counties. Virginia Division of Mineral Re- 
sources, Miner. Res. Rept. 8, 1967, 232 pp. 

4 Peters, Frank A., Paul W. Johnson, John 
J. Henn, and Ralph C. Kirby. Methods For 
Producing Alumina From Clay, An Evaluation 
of a Lime-Soda Sinter Process. BuMines Rept. 
of Inv. 6927, 1967, 38 pp. 

5 Bureau of Mines. Potential Sources of 


Aluminum. BuMines Inf. Cir. 8335, 1967, 148 
pp. 
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weight. Four of the other samples were 
found to be suitable for production of 
structural clay products.® 

Irreversible thermal expansion was 
described as a valuable tool in predict- 
ing behavior of various clays and 
ceramic body formulations. This method 
can be used for choosing proper ceramic 
raw materials to achieve specified results, 
for preliminary evaluation of deposits of 
clay or other ceramic raw materials, and 
for developing firing curves for the most 
efficient production of ceramic products.’ 

An instrument using a laser beam for 
alining clay sewer pipe was produced. 
A rear reference beam permitted con- 
tinuing line checks to maintain accuracy. 
Faster installation, up to 50 percent 
above normal, was reported.“ 

Lightweight aggregate wall, floor, and 
roof panels were to be used in an experi- 
mental group of low-cost housing units 
to be constructed in a Washington, D.C., 
urban renewal site. Fire protection, long 
life, and low maintenance costs were 
cited as the reasons for choice of light- 
weight aggregate.? 

In studying the formation of kaolinite 
at low temperatures, experiments showed 
that by introduction of AI-OH polymers 
into montmorillonite interlayers kaolin 
was readily formed at 175° to 220°C and 
4,000 to 8,000 psi under slightly acid 
conditions. Introduction of aluminum in 
other forms did not result in more than 
small amount of kaolin formation even 
under strongly acid conditions.!? 

New data were obtained on the prop- 
erties of bentonite which are important 
in determining its suitability for iron 
ore pellet binder. The  electrokinetic 
forces between the clay and the iron ore 
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exhibited a direct relationship with the 
green and dry strength of pellets formed 
using several domestic and foreign 
bentonites as binder. Additives, par- 
ticularly those with sodium, effected the 
zeta potential and improved the pellet 
strength significantly.“ 

A high-energy, mechanically generated, 
ultrasonic vibration device for use in 
rapid and complete dispersion of clay 
bodies and glazes was described. Reuse 
of dried scrap from trimming operations 
and breakage of clay bodies was made 
possible by one pass through the device 
at the high rate of 50 gallons per minute 
of a ground and premixed scrap-water 
slurry containing 50 percent solids. The 
device, consisting essentially of a high 
pressure orifice and a specially designed 
blade for the slurry to impinge upon, 
takes up little space, requires very little 
power to operate and is much more rapid 
than conventional dispersion methods.” 


6 Aase, James H. Lightweight Aggregates, 
Expansion Properties of Selected Michigan 
Shales. BuMines Rept. of Inv. 7055, 1967, 23 pp. 

7 Hanks, Charles F. Jr. Irreversible Thermal 
Expansion. Ceramic Age, v. 83, No. 8, August 
1967, pp. 12-18 

8 Brick & Clay Record. V. 151, No. 2 August 
1967 pp. 22-23. 

9 Brick & Clay Record. Y. 151, No. 2, August 
1967, p. 22. 

10 Poncelet, G. M. and G. W. Brindley. Ex- 
perimental Formation of Kaolinite from Mont- 
morillonite at Low Temperatures. Am. Miner., 
v. 52, Nos. 7-8, July-August 1967, pp. 1161-1173. 

11 Stone, R. L. Relation Between the Zeta 
Potential of Bentonite and the Strength of 
Unfired Pellets. Trans. Soc. Min. Eng., v. 28, 
No. 3, September 1967, pp. 284-492. 

12Walker, H. N., and W. W. 
Ultrasonic Dispersion of Clay Bodies Am. 
Ceram. Soc. Bull, v. 46, No. 2, Feb. 1967, pp. 


188-190. 
` Sonolation Cuts Scrap Reprocessing 
DT 5 Ind. v. 88, No. 3, March 1967, 
pp. , 
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Table 2.—Value of clays produced in the United States, by States 
(Thousand dollars) 


Kind of clay produced in 1967 


State 1966 1967 —— — Nn —À 
Kaolin Ball Fire Benton- Fuller's Miscel- 
clay clay ite earth laneous 
Alabama... ooo eel $5,142 $7,422 x X x x 
Arizona ____- 1 3 x x x 
Arkansas NE EPOR 23 776 1,740 x x x 
California 6, 708 6,037 x x x x x X 
Sledge cruise r 1,315 1.274 x x x 
Connecticut 296 334 x 
ela ware 11 11 x 
Florida... . 22-2 ee 11,408 11,574 x x x 
Georgia 73, 685 77,314 X X X 
daho 12322 2316 x x x 
Illinois 4..__ 20------- 3,996 3,799 x x x 
Indiana. _ -22an 2,196 2,126 x x 
Iowa__..._.___._._...------ 1,438 1,643 X 
Kansas... ----- 1,006 1,339 x x 
Kentucky ss. 2,277 2, 066 X x X 
Louisiana 983 1,260 x 
Maine 58 x x 
Marviand. .------------- $ 1,084 1,462 x x x 
Massachusetts. 260 W x 
Michigan 2, 620 2, 636 X 
Minnesota 333. 336 342 x x 
Mississippi. ii 7,489 7,852 x x x x x 
issouri_.._..........-_-- 5,989 6,220 x x 
Montana ee 5 x x x 
Nebraska. 153 142 x 
New Hampshire 51 42 x 
New Jersey 1,319 1,189 x x 
New Mexico W 74 x x 
New Vork 1,726 1,814 x 
North Carolina 33 2,241 2,012 x x 
North Dakota. r 10 x x 
Ohio... 14,522 15,185 x x 
Oklahoma 1.____ 75 x x X 
Oregon -aaa aaMaMMaMMMMMņM 362 s 295 x x x 
Pennsylvania 2. 17, 033 16, 703 X X X 
South Carolina 8, 830 8, 048 X X 
South Dakota 870 799 x x 
Tennseess 4___ _ ......---- 4,909 5,152 X X X 
Texas. 7,187 8,081 x x x x x x 
Utah an ee r 240 288 x x x x x 
Virginia 1,813 1, 623 A 
Washington 3 249 203 X x 
West Virginia ?............. 334 254 X x 
Wisconsin 148 112 x 
Wvoming. 15,874 14,313 x X x 
Other 6________ 2... ---- 13,727 10,181 
Zeta st r 221,714 223,987 
Puerto Rico__ 271 244 x 
222222ũ s a ZZ a A 
r Revised. W Withheld to avoid disclosing individual company confidential data, included in ‘‘Other.” 


X Major producing States which account for approximately 90 percent of production. 

x Other producing States. 

1 Value of bentonite included with “Other” to avoid disclosing individual company confidential data. 

2 Value of kaolin included with “Other” to avoid disclosing individual company confidential data. 

3 Value of fire clay included with **Other" to avoid disclosing individual company confidential data. 

4 Value of fuller's earth included wth “Other” to avoid disclosing individual company confidential data. 

5 Value of ball clay included with “Other” to avoid disclosing individual company confidential data. 

6 Includes Hawaii, Nevada and Vermont, value indicated by footnotes 1 through 6, and value indicated by W. 
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Table 3.—Kaolin sold or used by producers in the United States, by States 


Sold by producers Used by producers Total 
Year and State —— — —ę—u—— — —ę—ä—6̈0—ñ— ͤ— ͤ— 
Short tons Value Short tons Value Short tons Value 
1 1)hh.k eee tee eee 2,911,926 $57,239,980 251,647 $2,530,294 3,163,573 $59,770,274 
19641... 2 na ee eee asua 3,119,922 62,621,540 211,420 1,985,452 3,331,342 64,606,992 
W965 2s k y 8 3,214,473 66,058,179 389,480 3,403,264 3, 603,953 69,461, 443 
1966: l 7 E m 
Florida and North Carolina 38,241 849.924.  — n. eee 38,241 849, 924 
Georgia 3,002, 230 65,766,471 204,224 1, 389, 886 3,206,454 67, 156,357 
South Carolina W WwW w MW 538 , 426 7,433, 792 
Other States ll. 623, 638 8,701,559 517,113 5, 275, 935 602, 325 6, 543, 702 
T uzi pusu pasu pas 3,664,109 75,317,954 "721,337 6,665,821 4,385,446 81,983,775 
1967: mn p E 
rr deet 62 1531. qaos 8 62 1,531 
California. ..............- 22,431 220.908 // ð ͤ v osu oud 22, 431 229, 308 
Florida and North Carolina 38,267 022.189. x: c5 38,267 922,159 
Georgia 2, 679, 757 66,209,370 329,126 3,117,554 3,008,883 69, 326, 924 
South Carolina 473,704 6,649,251 66, 731 321,220 540,435 6,970,471 
Other States 121, 527 1,635,721 241,314 2,234,490 362,841 3,870,211 
DT Otel ac sees 8 3,935,748 75,647,340 637,171 5,673,264 3,972,919 81,320,604 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.“ 
1 Includes Alabama, Arkansas, California (1966), Idaho, Pennsylvania, Texas, Utah, Vermont, and States 
indicated by symbol W. 


Table 4.—Georgia kaolin sold or used by producers, by uses 


(Thousand short tons and thousand dollars) 


China clay Refractory 


paper clay, uses Total kaolin 
eto. 
Year 
Value 
Quantity Quantity Quantity 
Total Average per ton 

1963 EE 2,276 214 2,490 $50,294 $20.20 
1964. ces ee te ctl dl 2,389 195 2,584 54,520 21.10 
KEE 2,478 243 2,721 57,411 21.10 
EE 2,719 487 3,206 67,156 20.95 
/ ee A ees 2,708 301 3,009 69,327 23.04 


Table 5.—Ball clay sold or used by producers in the United States 


Year Short tons Value 
GS nr vacare uA ³ð ³ y tit itera oN 547,668 $7,541,471 
19654... oL pueros 8 7 86 567,315 7,829,841 
1/0 u una ou T et DM ⁰km ATT ETETE 590,717 8,197,474 
1966: 0-5 0 ua ues y M SN 570,807 7,322, 140 


d EE 559,165 7,445, 652 
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Table 6.—Fire clay, including stoneware clay,! sold or used by producers in the United 
States, by States 


Year and State 


Sold by Producers 


Short tons Value 


Short tons 


Used by producers 


Value 


Short tons 


Total 


Value 


1966: 
Alabama 


Maine 


Missouri 


1967: 
Alabama 


New Jersey 
New Mexico 


Ohio 


Texas 


022 


— ~ ep gr «w 4» emp o gë o 


— æ em ci om en @ we om — o gp 


wm e ep m 9 — 2  - wem 


em op — = — =< gn < mp e e — 


em em — em — — wm — em em = = 


2,454,714 $9,392, 863 
2,615,102 9,705,844 
2,823,837 10,581, 447 


1,353,789 
370 
1,115,838 
w 
r3,547,980 
r 6,181,695 


5,935,460 $30,165,007 
5,933,588 31,286,962 
6,191,812 32,532,388 


W 


W 

r 408,137 
W 
136,708 
W 


W 
8,174,881 
3,700 
9,157,121 
W 

r 15,429,955 
r 33, 310, 589 


8, 390, 174 $39, 557, 870 


8, 548, 69 


9,015,649 43, 113, 835 


455,113 
476, 262 
r 166, 859 


859, 367 
r 621, 588 


r8,778,165 


2,806 


2,174,120 


r 5, 317,186 
r 42,179,414 


— ————————————————————————————————————————————————— 


LL —— —F- swrraÁr=ma eS SESE CPE EE 


W 
„ W 
71.525 291,376 
246,029 374,742 
W 
W W 
— w W 
W W 
W W 
919,600 2,567,525 
504,408 1,298,566 
854,913 4,336,616 
r 2,596,470 7 8,868,825 
W W 
W W 
46,899 225,954 
92.192 892,035 
193,086 — 311,762 

W 
W W 
86,666 204, 664 
119 477 

W 

410 


3,690 
2,668,634 
1,212,509 
W 
4,469,811 


9,989,536 


— m og en e ae — — 


489,512 
w 
763,913 
2,512,411 


1,175,025 
376 
945,714 
W 

1. 992, 735 
5, 460, 002 


300 

7, 561, 430 
3, 760 

9, 743, 259 
W 
9,318,160 
32,167,892 


622,484 
420, 985 
142, 675 
244, 362 
247,291 
142, 897 
144, 296 


34 
1,130,573 
119 

99, 527 
470 
2,014, 639 
376 
1,435,226 
7,909 
578, 550 


7,972,413 


42,157,428 


W Withheld to avoid disclosing individual company confidential data; included with ‘‘Other States.”’ 
1 Includes stoneware clay as follows, in short tons: 1963, 44,798; 1964, 45,679; 1965, 49,517; 1966, 45,887; 


1967, 51,579. 


2Includes Arkansas, Idaho, Maryland (1967), Minnesota, Mississippi, New Mexico (1966), North Dakota 
(1966), Oklahoma (1967), Utah, Washington, West Virginia, and Wyoming, and States indicated by symbol W. 


Table 7.—Bentonite sold or used by producers in the United States, by States 


Year and State 


Colorado........ 
Mis:issippi...... 


Wyoming 
Other States 1. 


Year and State Short tons Value 
198838 8 1,584,616 $18,536,229 1967: 
19644. 1,729,503 19, 413, 396 
EE 1,887,947 20, 406, 968 
1966: m i 

Colorado. ........... $8,700 
Mississippi. ......... 291,313 3,614,653 
Oregon 656 7,872 
North Dakota 200 
Texas. 107, 443 875, 896 
Han. 886 2, 541 r 23, 933 
Wyoming 1,506,579 15, 753, 520 
Other States 11. 151,274 1,725,045 

Totaal 2, 060, 616 * 22, 009, 819 

r Revised. 


Short tons 


1, 663 
259, 133 
99 


226, 857 
2,042,841 


Value 


14, 223, 137 
2,492,166 


20,490,321 


1 Alabama, Arizona, California, Idaho (1966), Montana, Nevada, North Dakota (1967), Oklahoma, and 


South Dakota. 
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Table 8.—Fuller’s earth sold or used by producers in the United States, by States 


Year and State Short tons Value Year and State Short tons Value 
1933s ⁵ͤſ aana 481,817 $11,210,618 1967: 
1964 MEO MEM 551,886 12,742,897 Florida and Georgia. 655,990 $17,537,864 
19 ee 674,422 15,795,385 Utah... 2,645 44,905 
Š — . Other States 11. 145, 284 2, 955, 823 
Florida and Georgia... 633,899 16, 006, 985 Total 803,919 20, 538, 592 
III!!! 4,254 66, 222 
Other States 11. 121,485 2, 280, 677 
Total u u sl a. L 159,638 18,353,884 


1 Includes California, Illinois, Mississippi, Nevada, Tennessee, and Texas. 


Table 9.—Miscellaneous clay, including shale and slip clay sold or used by producers in 
| the United States, by States 


Sold by producers Used by producers Total 
Year and State —— n ——＋ñ˖.ʒwtẽ—— —ñ— —ü—ä——51—ũl — 
Short tons Value Short tons Value Short tons Value 
/. eee ee 1,041,823 $1,190,063 34,926,431 $43,004,301 35,968,254 $44,194,364 
19 8 1,365,870 1,610,590 36,852,775 45,485,871 38,218,645 47,046,461 
19654. ek 1,310,360 1,462,703 38,043,204 46,494,208 39,353,564 47,956,911 
1966: 
Alabama W W W W 18, 68,820 1, 859, 663 
C1111 ³ ³Ä ĩ ³ A Baca t ae 89,014 119, 758 89,014 119,758 
A/ ³¹ü eee ee 88 775, 125 776, 335 775, 125 776, 335 
California 157,815 271,659 2,291,663 4,505,302 2,449,478 4, 776, 961 
Colorado. ........... 46,031 137,997 385,214 469,091 431,245 607, 088 
Connecticut w w W W 192, 240 295, 500 
C ³˙ ͥ̈ða . S 11, 400 11, 400 11, 400 11, 400 
C!!! ꝛ ² ę AA. . dee 1,685,765 1, 040, 053 1,685,765 1,040,053 
J 0.222 2 7 i ,463 „075 23, 463 „075 
Ines 6,000 6,000 11,623,572 2,427,831 1,629,572 2,433,831 
Indiana 187,770 190,217 988,825 1,494,484 1,176,595 1,684,701 
I;öÜöẄ ⁵ð⅛ ]́ꝗ ˙U .d SS. Valse O nus 1,130,405 1,437,686 1, 130, 405 1, 437, 686 
Kansas W W W W 720, 108 734, 814 
Fentu een -ceueweduss 974,376 1, 191, 091 974,376 1,191,091 
Louisiana W W W W 1,005,200 982, 531 
FJIICÄÜ˙ ß velit nu 2 44, 865 58,290 44,865 58,290 
Maryland W W W W 827, 529 931, 557 
Massachusetts.. 201, 754 260, 247 201, 754 260,247 
MIGhIPADn memo y Boosie net oe 2,449,801 2,619,691 2,449,801 2,619,691 
Minnesota. 224,080 336,145 224,080 336, 145 
Mississppl..-....... 222-2- ---------- . 1,156,328 1,201,313 1,156,328 1,201,313 
Missouri w W W W 1,048,695 1,091,274 
Montt 8 53, 386 56,160 53,386 56,160 
N Ä oll Atte 8 152, 806 152, 806 152, 806 152, 806 
New Hampshire 50, 790 50, 790 50, 790 50, 790 
New ese see seet 378,999 488,823 378,999 488,823 
New York. `, W W W W 1,463,856 1,725,979 
North Carolina 9,880,712 2,241,051 3,380,712 2,241,051 
Ohio i idcm 234,012 214,771 2,581,786 3,565,302 2,815,798 3,780, 073 
Ga ³ĩðV¹ö ³A¹ 745, 073 750, 048 745, 073 750, 048 
Oregon W W W W 360,351 354,345 
Pennsylvania 87, 816 65, 471 1,585,057 6,511,680 1,672,873 6,577,151 
South Carolina-i2:.22 -<aseisuos: ---------- 1,600,372 1,395,997 1,600,372 1,395,997 
Tennessee 973, 612 363, 813 973, 612 363, 813 
Texas cc 1,240 1,488 3,521,263 3,932,262 3,522,503 3,933,750 
Utah e W W W „295 „071 
F d r ↄ XXX erectus 1,486,344 1,813,396 1,486,344 1, 813, 396 
Washington W W W W 185, 118 248, 794 
West Virginia 20,111 21, 522 280,210 312,709 300,321 334,231 
Mieren, Eet . Sheet owes 122,799 147,849 122,799 147,849 
Undistributed 1______- 415,215 489,456 8,035,868 8,713,305 701,871 828,233 
Total.. -.--------- 1,156,010 1,398,581 39,004,727 48,466,783 40,160,737 49,865,364 


See footnotes at end of table. 
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Table 9.—Miscellaneous clay, including shale and slip clay sold or used by producers in 
the United States, by States—Continued 


Sold by producers Used by producers Total 
Year and State 
Short tons Value Short tons Value Short tons Value 
1967: 

Alabama W W W 1,917,895 $2,173,067 
II/ ¹˙·w . elena Kamis oe oe 66,575 35,003 „57 35, 003 
Arkansas-__ ꝛo»'⁵ruw doe owes 810,702 1, 066, 036 810, 702 1, 066, 036 
California 195, 495 $337,736 1,922,853 3,693,864 2,118,848 4,031,600 
Colorado. ........... 72,521 145,042 79, 639 479, 869 452, 160 24,911 
Connecticut „„ 191, 000 334, 200 191, 000 334, 200 
Delaware: coc .. 8 11, 000 11, 000 11, 000 11,000 
G EE 1,673,390 1,093, 765 1,673,390 1,093, 765 
dree ces sm :s 8 19, 15,61 19, 15,615 
WINGS io 8 1,636,963 2,245,806 1,636,963 2,425,806 
Indiana... 191, 037 193,606 1,050,796 1,512,695 1,241,883 1,706,301 
J(ö·ÄÜ;5: m y 8 1,207,693 1,642,879 1,207,693 1,642,879 
Jö ĩV2-Kſͥ y d 791,977 1,027,069 791,977 1,027,069 
Kentucky. .......... W W W W 1,050,944 1, 139, 675 
(( ³· Am 995,225 1, 260, 128 995,225 1, 260, 128 
iii.... 8 41, 590 „340 41, 590 54, 340 
Maryland W W W 969,572 1, 145, 091 
Mehdi 88 2,465,692 2,635,970 2,465,692 2, 635, 970 
Minnesota- a 88 27,651 41,501 227,651 341,501 
Mississippi... c --2------ 8 1,088,873 1,479,413 1,088,873 1,479,413 
Misch 8 1,174,285 1,473,064 1,174,285 1, 473, 064 
Henni... ae, eee ees 46,036 49,493 46,036 49, 493 
Nebraska... Los A ees 125,906 141,596 125,906 141,596 
New Hampshire 42,350 42,350 42,350 42,350 
New ersee 88 337, 632 423, 027 337, 632 423 , 027 
New Mexico 1,249 12,025 44,553 58,048 45,802 70,078 
New Vork 1,506,333 1,814,271 
rel, 8 2,976,661 2,012,077 2,976,661 2, 012, 077 
FCC 257, 683 198,265 2,397,720 4,757,105 2,655,403 4, 955, 370 
Oklahoma. -2-2-2-2 2222-2-2- 8 743,810 865,033 743,810 865,038 
Oregon W w 294,138 285,196 
Pennsylvania 85,222 61,958 1,473,643 65,685,903 1,558,865 5,747,861 
South Carolina 1,192,543 1,077,514 1,192,543 1,077,514 
Tennesse 1,201,861 533,231 1,201,861 533,231 
Texas tae oe e eie % ro 8 3,597,572 4,882,301 3,597,572 4,882,301 
Utah.........- MPO W W W 108,716 218,667 
Vipassana Geen, desde ci uya 1,382,302 1, 623,037 1,382,302 1,623,037 
Washington W W W W 138, 862 202, 737 
West Virginia W W W W 244, 756 253, 904 
Wisconsin. --------- 8 88,790 111,887 88,790 111,887 
Undistributed 1 250,375 317,830 6,852,413 7,923,428 872,072 1,008,650 
Total. z ze n 1,053,582 1,266,462 38,258,761 50,768,247 39,312,343 52,034,709 


W Withheld to avoid disclosing individual company confidential data. 
1 Includes States indicated by symbol W and Florida, Hawaii, Massachusett (1967), Nevada, New Mexico 
(1966), North Dakota, South Dakota, Vermont, and Wyoming. 
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Table 11.—Shipments of refractories in the United States, by kinds 


Shipments 
Product Unit of 1966 1967 
quantitʒ⸗ xx T —.:̃ — — h h 
Quantity Value Quantity Value 
(thou- (thou- 
sands) sands) 
Clay refractories: 
Fire-clay (including semisilica) brick and shapes, 1,000 9-inch 311,934 $50,375 276,242 538,357 
except super-duty. equivalent 
Superduty fire-clay brick and shapes -...do .... 91,147 26,674 79,078 24,463 
High-alumina brick and shapes (50 percent ....do .... 51,364 26,951 
A120; and over) made substantially of calcined 
diaspore or bauxite.! 
Insulating firebrick and shapes ....do .... 77,688 20,268 59, 363 17, 528 
Ladle brick csl i e -...do .... 210,995 26,296 185,314 23, 766 
Sleeves, nozzles, runner brick and tuyeres. ..... -...do .... 51,222 12,919 45,033 12,232 
Glasshouse pots, tank blocks, feeder parts and Short ton 14,572 5,284 
upper structure shapes used only for glass 
tanks. ! 
Hot-top refractorien 2 2222 LLL Lll cll ....do .... 66,460 5,074 48,436 4,015 
Clay-kiln furniture, radiant-heater elements NA 8,238 7,851 
potters' supplies, and other miscellaneous 
shaped refractory items. 
k COE ponding mortars, airsetting (wet and Short ton 63,541 7,560 62,715 8,692 
ry types). 
Refractory bonding mortars, except air-setting ....do .... 16,372 1,804 14,556 1,692 
types. ? 
Ground crude fire clay, high-alumina clay and ....do .... 531,061 6,000 
silica fire clay. 
Plastic refractories and ramming mixes.?....... -...do .... 201,518 18,677 188,692 16,855 
Castable refractories (hydraulie- setting -...do .... 175,232 17,562 158,256 16,163 
S castable refractories (hydraulic- ....do .... 34,160 4,505 38,615 5,082 
setting). 
Other clay refractory materials sold in lump or do 199,291 5,329 280,792 6,167 
ground form.? 4 
Total clay reiractorien. 2... 22222222222 22222222222 XX 243,516 XX 197,863 
Nonclay refractories: 
Silica brick and shapes 1,000 9-inch 97,244 19,057 71,191 14,701 
equivalent 
Magnesite and magnesite-chrome brick and do 106,697 100,446 94,082 90,200 
shapes (magnesite predominating) (excluding 
molten cast and fused magnesia). 
Chrome and chrome-magnesite brick and shapes ....do .... 34,878 27,209 22,312 18,923 
vr e predeominating (excluding molten 
cast). 
Graphite crucibles, retorts, stopper heads, and Short ton 19,525 14,964 16,587 13,727 
other shaped refractories, containing natural 
graphite. 
Mullite brick and shapes made predominantly of 1,000 9-inch 7,929 10,246 6,566 9,241 
kyanite, silimanite, and alusite or synthetic equivalent 
mullite (excluding molten-cast). 
Extra-high alumina brick and shapes made pre- do 3,802 9,484 2,861 6,932 
dominantly of fused bauxite, fused or dense- 
sintered alumina (excluding molten-cast). 
Silicon carbide brick and shapes made predom- ....do .... 3,996 12,415 1,201 4,136 
nantly of silicon carbide. 
Zircon and zirconia brick and shapes made pre- do 1,958 5,973 1,435 5,997 
dominantly of either of these materials. 
Forsterite, pyrophyllite, molten,cast, dolomite, ....do .... 26,847 40,207 25,760 41,659 
dolomite-magnesite, and other nonclay brick 
and shapes.? 
Mortars: 
Basic bonding mortars (magnesite or Short ton 90,312 7,385 79,886 6,634 
chrome ore predominating). 
Other nonclay refractory mortars ....... -...do .... 41,103 5,983 38,221 5,718 
Nonclay refractory castables (hydraulic-setting) —.....do .... 27,331 5,439 31, 246 6, 786 
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Table 11.—Shipments of refractories in the United States, by kinds—Continued 


Shipments 
Product Unit of 1966 1967 
quantity | ——v-P-. — — —əəəƏəa>-.—Ə— >-—— ə,—əƏ-Ñəə po 
Quantity Value Quantity Value 
(thou- (thou- 
sands) sands) 
Nonclay refractories—Continued 
Plastic refractories and ramming mixes (wet and 
dry types): 
Basic (magnesite, dolomite, or chrome ore do 174,787 19,691 153,455 17,261 
pr redominating). 
Other nonclay plastic refractories and do 46,881 11,483 57,564 12, 603 
ramming mixes. 
Dead-burned magnesia or magnesite. ..... -...do .... 137,060 8,933 100,774 6,241 
Carbon refractories; brick, blocks and do (€) (8) 
shapes, excluding those containing nat- 
ural graphite. 434,441 44,969; 257,101 22,195 
Other nonclay refractory materials sold in ....do .... 99,360 13,438 
lump or ground form.? 
Total nonclay refractories.........-... ----------- XX 343,834 XX 295,784 
Grand total reiraetorien --.-----_-- XX 587,350 XX 493,647 


NA Not available. XX Not applicable. 


1 Excludes data for mullite and extra-high alumina refractories. These products are included with millite and 
extra-high alumina brick and shapes in the nonclay refractories section. 
2 Includes data for bonding mortars which contain up to 66 percent A1:Os, dry basis. Bonding mortars which 
contain more than 60 percent Al2O3 dry basis are included in the nonclay refra tories section. 


s Represents only shipments by establishments classified in “manufacturing” 


ments to refractory producers for the manufacture of brick and other refractories. 
4 Includes data for calcined clay, ground brick, and siliceous and other gunning mixes. 


s Includes carbon refractories, 1967. 
6 Included with fosterite, etc. 


industries, and excludes ship- 


Table 12.—Shipments of principal structural clay products in the United States 


Product 1963 1964 1965 


Unglazed brick (building) 


1,000 standard brick.. 7,405,000 7,743,800 8,089,131 


Nr eee ce kes thousands $267,100 $284,600 $301,038 
Unglazed STEET tile short tons 342, 800 311, 400 313, 260 
Value ee thousands $5,600 $5,400 $5,128 
Vitrified clay sewer pipe and fittings 
short tons. 1, 771, 900 1,837,200 1,732,159 
Value. o ee sms thousands. . $97,700 $104,000 $103,420 
Facing tile, seramic glazed, including glazed 
brick. ...........- 1, 000-brick equivalent. . 352,900 332, 700 307, 944 
iii 8 thousands $28,600 $27,500 $25,430 
Facing tile, unglazed and salt glazed 
1,000-tile, 8-by 5- by 12-inch, equivalent. . 8,500 6,900 6,327 
lll. es thousands 51, 700 31, 500 31,435 
Clay floor and wall tile and accessories, in- 
cluding quarry tile ....1,000 square feet. . 267,100 288,800 283, 385 
MValu6. nns aro thousands.. $137,900 $146,200 $141,739 


Total value thousands.. $538,600 $569,200 3578, 190 


1966 


7,606,237 
$292,914 
267,431 
$5,317 


1,610,318 
$96, 707 


292,525 
$25,179 


5,207 
$1,284 


272, 688 
$133,266 


$554,667 


1967 


7,117,353 
$285,630 
284,517 
$4,900 


1,572,167 
$97,330 


230,064 
$21,274 


3,352 
$837 


257, 532 
$128, 139 


$538,110 
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Table 13.—World production of china clay, by countries ! 2 
(Short tons) 


Country 1963 1964 1965 1966 1967 » 
North America: 
N ³˙¹¹¹¹ 51, 325 70, 796 89, 436 106, 473 86, 632 
United States 3,163,573 3, 331,342 3,608,953 4, 385, 446 3,973,143 
South America: 
Argentina... 39,572 47,098 80,411 r 79,366 NA 
T TEEN 40,674 50,665 r 33,813 r 44,561 82,434 
Colombia r 82, 673 r 88,945 r 91,492 r 17,976 NA 
, tele elt 418 370 215 982 890 
EE ere 58 364 430 460 NA 
Europe: 
Austria (marketable / r 115,528 r 119, 873 r 115,953 r 112, 664 e 115,000 
Belgium........................- 55,910 NA NA 199,659 108,914 
Bulgaria... oo . l l UU. uD SQ 85,000 91,000 105,000 e 110,000 NA 
Czechoslovakia. 350, 000 345, 000 365, 000 e 370, 000 NA 
Denmark: 
Giese 8 13, 296 8,818 7,548 16, 535 16,535 
Washed and pressed. ......... r 7,275 NA 2,756 3,307 3,307 
France . 299, 599 316, 887 325, 614 r 479,994 NA 
Germany, West (marketable) ) 427,414 451,371 440, 462 r 448,640 897,071 
Greece. -22MM r 83,807 r 54,600 e 60,600 e 77,000 e 77,000 
EES EE 48,760 55,488 59,525 r 68,343 NA 
taly: 
e TEEN r 109,129 107,352 78,704 r 76, 443 96,742 
Kaolinic earth... ..........-. 111,978 103,881 51,082 NA NA 
Portügal. ! eee ees 41,871 r 42,211 r 44,527 r 37,551 39,882 
Spain KE ESA EE e 228 , 849 155,345 r 161,723 NA NA 
SSS Y/«ôö§/«O ( 8 34, 969 48, 544 r 46, 004 r 30, 093 NA 
S/ ·ðw ³ ee oe ec ce 1,650,000 1,650,000 71,750,000 71,750,000 1,900,000 
United Kingdom. ................ r 2, 125, 254 2, 277,372 *'2,473,584 e 2,712,000 2,935,000 
Yugoslavia 4, 500 5, 500 5, 500 5, 500 4, 400 
Africa: 
ErfOn..- 221222222 seh ees NA NA e 200 r 94,962 8,311 
Kenya... coke oec iE 7,345 1,420 1,889 984 1,605 
Mozambioue ----2--------- 6 11 165 38 63 
Ni.. 88 17 3 29 22 358 
Rhodesia, Southern 12, 240 21, 000 NA NA NA 
South Africa, Republic off 37,412 43,495 45,629 44,664 36,194 
Swaziland 2,211 344 830 647 2,050 
e ee 201 2222 342 344 
"T United Arab Republic............. 23,158 69,221 52,663 55,101 NA 
ja: 
Hong Kʒon gg 5, 621 5, 648 5,277 6, 463 9, 447 
India A een Los cs on ai r 554,462 r §72,099 647,313 709,533 710,990 
AE EEN 109,381 118,333 98,415 r 129,591 165,838 
Korea, South. .................-- 57,609 66,729 79,635 123,717 113, 181 
Maass bec e ere 1,317 1,591 1,749 1, 765 1,969 
Pakistan iss. jira eee covets: 1,084 1,421 8,308 3,187 
JJ - Seto au u ees te 47,000 47,000 56,000 65,000 67,000 
Vietnam, South... 4,928 2,283 A N 
Oceania: Australia. 49,889 r 50,532 r 66,845 r 56,123 NA 
Sfr ( r 10,034,229 * 10,423,737 * 11,051,392 r 12, 425, 601 NA 
e Estimate. P Preliminary. r Revised. NA Not available. 


1 China clay is also produced in Brazil, China (Mainland), Kast Germany, Israel, Rumania, and Thailand, 
but data o SÉ KEE are not available: a negligible quantity is produced in Malagasy and Paraguay. 

2 Compiled mostly from data available June 1968. 

3 Includes kaolinic clay. 

4 Includes sold or used as such (both saleable and non-saleable varieties). 

§ Includes ball clay. 

€ Total is of listed figures only; no undisclosed data included. 


Coal—Bituminous and Lignite 


By W. H. Young ' and J. J. Gallagher ° 


There was general improvement in the 
bituminous coal and lignite industry in 
1967, compared with 1966. Preliminary 
figures indicated that most of the major 
items in the industry increased. Though 
production increased, consumption de- 
clined slightly, resulting in a buildup of 
stockpiles. 

This chapter includes all coal produced 
in the United States except Pennsylvania 
anthracite, Texas lignite, and bituminous 
coal and lignite from mines that produced 
less than 1,000 tons per year. All quantity 


figures refer to marketable coal and ex- 
clude washery and other refuse, and all 
figures are preliminary except those on 
distribution, exports, imports, and world 
production. Final detailed figures will be 
published as a supplement to the Mineral 
Industry Survey, the Weekly Coal Report, 
and in the 1968 Minerals Yearbook. 


1 Assistant chief, Section of Fuels, Division 
of Statistics. 

2 Supervisory industry economist, Division of 
Mineral Studies. 


Table 1.—Salient statistics of the bituminous coal and lignite industry in the United States 


Item 1966 1967» Change 
(percent) 
PYOGUCHON EE thousand short tons 533,881 1 551, 000 ＋ 3.2 
Sen ðOVVy/ ;b k ld se iue E do.... 486,266 480, 255 — 1.2 
Stocks at end of year: 
Industrial consumers and retail yards do.... 74,466 93,128 +25.1 
Stocks on upper lake dock do.... 2,8 2,280 — 2.6 
Imports and exports: ? 
ele d EE do. 178 227 +27.5 
i ß ß a baea do.... 49,802 49, 510 + .4 
Price indicators, average per net ton: 
Cost of coking coal at merchant coke owv ens $9.81 $10.50 + 7.0 
Railroad freight charges $3.01 . 
Value LO: b. mine. oc ͤ I. y ee oe $4.54 $4.77 + 5.1 
Method of mining: 
Hand loaded opndergeround thousand short tons.. 28,248 27,947 — 1.0 
Mechanically loaded underground . do.... 310,281 321,887 ＋ 3.6 
Percentage of total underground production mechanically loaded. . . 91.7 92.0 + A 
Mined by etripning. thousand short tons 180,058 185 , 687 + 3.1 
Mined at auger mines do 15,299 15,979 + 4.4 
Mechanically cleaned... „ do.... 340,626 352,640 + 8.5 
Number A EE 6,749 6,8 + .8 
Average number of days worked 219 C edt 
Average number of men working dail e 181 , 752 (0- — ee ee 
Production per man per dag short tons. . 18.52 (4) — s -------- 
Fuel efficiency indicator: Pounds of coal per kilowatt-hour at electric 
Perlen. ue acess 0.87 0.87 -------- 


p Preliminary. 


1 Revision based on later and more complete information. 

2 Bureau of the Census, U.S. Department of Commerce. 

3 Average compiled by the Bureau of Mines from Interstate Commerce Commission Freight Commodity 
Statistics. Effective January 1, 1965, the Interstate Commerce Commission redefined Class I railroads as those 
having annual operating revenues of 5 million dollars or more instead of 3 million dollars or more. On there- 
classified basis the average freight charge in 1965 would have been $3.18, 1964 would have been $3.16 and in 
1963, $3.26. In the years 1957 through 1962, under the new classification the average freight charges remain 


unchanged. 
4 Data not available. 
s Federal Power Commission. 
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DISTRIBUTION AND SHIPMENTS 


Total shipments of bituminous coal and 
lignite in 1967 increased 3.8 percent over 
those of 1966, with most geographic divi- 
sions sharing in the increase. The greatest 
gains were in the South Atlantic, East 
South Central, East North Central, and 
Middle Atlantic geographic divisions. Of 
the total increase in shipments in 1967 


over the 1966 level, amounting to a net 
gain of over 20 million tons, electric utili- 
ties gained 25 million tons, coke and gas 
plants were down 0.8 million tons, retail 
dealers were down 2 million tons. “All 
others” declined 2 million tons, and ex- 
ports were unchanged. 


ECONOMIC ADVANCES 


The symbiotic relationship between 
growth in the coal industry and growth 
in the electric utilities continued through 
1967. New coal-fired steam generating 
units on order or announced during 1967 
totaled 134 units with a total capacity of 
57,223 megawatts that will result in a 
total additional coal demand of 157 mil- 
lion tons. A considerable proportion of 
this demand will be met by new mines 
supplying new generating plants at or 
nearby the mine site, while new mines 
shipping by unit-train will supply an- 
other segment of this demand. Some 22 
mines with an annual capacity of 49 mil- 
lion tons that will provide coal for 
mine-site generating plants were planned 


or under construction during 1967. 
Twenty-one mines capable of annually 
producing 42 million tons to be shipped 
by unit-train were in the planning stage 
or under construction. 

Growth in the metallurgical market 
does not parallel growth in the electric 
utility market although 17 new metal- 
lurgical coal mines capable of producing 
26 milion tons annually were planned or 
under construction during 1967. Al- 
though the majority of these new metal- 
lurgical coal mines will replace obsolete 
or worked-out mines, some of the new 
capacity will be destined for the export 
market. 


TECHNOLOGY 


Noteworthly among the developments 
in underground coal mining during 1967 
was the publication of Schedule 2 G in 
the Federal Register by the Bureau of 
Mines, paving the way for utilization of 
higher voltages on face mining equip- 
ment. The new proposed voltage limits 
increase the maximum allowable alter- 
nating current voltage from 650 to 660 
volts, and to 4,160 volts provided certain 
conditions are met. Adoption of this pro- 
posed limit will lead to installation. of 
higher horsepower motors on face mining 
equipment and to reduction in the size 
of trailing cables that lead from section 
power distribution boxes to mining 
equipment. The need for higher permis- 
sible voltage at the mining face became 
apparent as the horsepower of equipment 
increased and the size of trailing cables 
increased to supply the necessary power 
under existing voltage limitations. 

During 1967, equipment manufacturers 
continued to increase the horsepower of 
drive motors used on face mining equip- 


ment. In anticipation of higher permis- 
sible face voltages, some manufacturers 
delivered machines that operated at 550 
volts alternating current but could, by 
a relatively simple change of connections, 
be modified to operate at 975 volts alter- 
nating current. 

Advances continued in the field of 
underground mine safety with at least 
three manufacturers producing methane- 
monitors for installation on face mining 
equipment following the successful test 
period of initial units. Testing continued 
on a face-mining-machine-mounted de- 
vice designed to depress ignitions of gas 
or coal dust by automatically dispersing 
a cloud of flame-quenching dust upon 
being activated by a detector that senses 
ultra-violet portion of the spectrum from 
light emitted by the ignition. A new ap- 
proach to solving the problem of anchor- 
ing roof bolts in soft strata was intro- 
duced while another approach received 
increasing attention. A new type of roof 
bolt that consists of two  half-bolts 
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stepped throughout the entire length of 
both halves is designed to expand to 
provide anchorage for the entire length 
of the bolt. After a period of testing in 
previous years, the resin-seated roof bolt 
was being commercially produced. 

One of the outstanding contributions 
announced in the field of mining research 
during 1967 was the development of a 
method to predict the sulfur and ash 
content of coal in place from the com- 
puter analysis of core-hole sample anal- 
yses. This technique can be used to pre- 
dict sulfur distribution and washability 
characteristics from exploration core 
drill data ahead of mining. Selective 
mining can then follow predicted dis- 
tribution to produce a uniform metal- 
lurgical coal product. 

Modern longwall mining continued to 
find acceptance in the coal industry dur- 
ing 1967. At least 13 installations. em- 
ploying either shearers or plows were 
operated during the year. A survey of 
the equipment manufacturers indicated 
that equipment for at least eight new in- 
stallations were ordered during the year, 
some by companies with no previous ex- 
perience with this method of mining. 
Originally designed and manufactured 
for use under European mining condi- 
tions that include pack walls to support 
a portion of the caved strata, face sup- 
port units have been modified for U.S. 
mining applications that involve com- 
plete caving of the undermined strata. 
Support units in some U.S. installations 
employ jacks with as great as 140 tons 
maximum yielding resistance. With such 


high yielding resistance, the support 
bases have been enlarged to provide 
larger floor-bearing surfaces to reduce 


the incidence of floor penetration by the 
prop bases. To alleviate methane libera- 
tion problems on longwall faces, at least 
two operators of longwall installations are 
practicing methane control methods in 
addition to normal bleeding of methane 
from virgin longwall panels. At one installa- 
tion, which had previously experimented 
with water infusion, bleeder holes are dril- 
led to depths as great as 152 feet in the de- 
veloped longwall panel in advance of 
mining by the longwall face machine: 
At another installation water infusion of 
bleeder holes was practiced to liberate 
the entrapped methane in advance of 
the retreating longwall face. 

Treatment of airbone dust continued 
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during the year along two veins—collec- 
tion at the face and dilution by inert 
dust. Efforts of one research organization 
show promise for solving the problem of 
airborne dust at the face through the de- 
velopment of a collection system. To be 
installed on face equipment, the system 
employs several intake collection points 
and wet cyclones to concentrate the dust. 
Automatic trickle dusters mounted on 
face exhaust fans were manufactured to 
disperse inert rock dust in the return 
airways to dilute float dust produced by 
face mining machines. 

Continuing the trend in underground 
haulage, higher powered models of bat- 
tery-powered tractors and larger capacity 
trailers were introduced. Battery-powered 
rubber-tired tractors with a gross weight 
in excess of 12 tons were available while 
rubber-tired trailers were available with 
a maximum capacity of 16 tons. The 
number of large-capacity mines opened 
that employ this type of haulage equip- 
ment exclusively continued to increase. 

Emphasis in surface mining continued 
to be on large- capacity earth-moving 
equipment. While no new marks were set 
in the maximum size of shovels used in 
overburden removal, the upper limit in 
sizes of draglines used for this purpose 
continued to rise. A  130-cubic-yard 
dragline of U.S. manufacture was placed 
in operation in Australia, surpassing the 
previous limit of 85 cubic yards. The 
beginning of construction on a 145-cubic- 
yard model in Indiana and a 220-cubic- 
yard model in Ohio portends new rec- 
ords in the capacity of earth-moving 
equipment. The new  220-cubic-yard 
dragline, with a 315-foot boom and a 
total weight of 27 million pounds, is 
scheduled for completion in 1968. 
Known as the “Big Muskie,” this behe- 
moth will remove 325 tons of overburden 
in one pass. Built as a part of a $40 mil- 
lion expansion progam, the shovel will 
uncover coal that will be transported by 
two 1,500-ton-capacity trains shuttling 
over an electric railway system between 
the mine and an electric power generat- 
ing plant. Although no coal-hauling 
trucks larger than the 240-ton capacity 
unit announced in 1965 were built in 
1967, haulage units in the 100- to 120- 
ton capacity range are being selected for 
new surface mines and to replace 
smaller-sized haulage units at existing 
mines. Of concern to manufacturers of 
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coal-loading shovels was the swing to 
articulated front-end loaders for coal 
loading. Being more versatile than coal 
loading shovels, these machines serve 
multiple purposes such as coal loading, 
overburden removal, coalbed cleaning, 
and general grading. They are ideally 
suited for selective mining where the coal- 
bed consists of several benches separated 
by partings that the operator wishes to 
discard prior to loading. The capacity of 
end-loader followed the trend toward 
large-sized surface mining equipment 
with 10-cubic-yard-capacity loaders be- 
coming commonplace while a 30-cubic- 
yard-capacity end-loader was displayed 
at an equipment show. 

Interest in the environment effects of 
surface mining and surface mine re- 
clamation increased. The Department of 
the Interior released a report? that pre- 
sents the results of a nationwide survey 
of the effects of surface mining aud sets 
forth recommendation that presaged in- 
creased surface mine reclamation legis- 
lation. In keeping with these recommen- 
dations, the Department issued standards 
for reclamation of surface mining opera- 
tions on  Interior-administered public 
lands, Indian lands, and acquired areas. 
Bills were introduced in Congress that 
generally followed the recommendations 
of the report. In line with increased 
interest in surface mine reclamation, a 
number of legislative bodies in States 
with no reclamation laws introduced or 
enacted surface mining laws during 1967 
while similar bodies in several States with 
existing reclamation laws enacted or in- 
troduced more stringent requirements. 

Several imaginative approaches to 
problems of both surface mining reclama- 
tion and solid waste disposal were ini- 
tiated. Plans were formulated by officials 
of a major Eastern city, a railroad, and 
a strip mining company to embark on a 
program in which refuse from the city 
would be carried by unit-trains to 
abandoned anthracite strip mines where 
it would be deposited and covered with 
earth from the strip-mine spoil bank. A 
somewhat similar plan was initiated in 
the bituminous-coal fields of northwestern 
Maryland where a pilot project of sani- 
tary landfill in abandoned strip mines 
was started by the Maryland Health 
Service. In another approach, addition 
of fly ash to spoil was shown to assist 
in reclamation of strip mine spoil by in- 
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creasing the pH and making the spoil 
texture more amenable to plant growth. 
The first surface mine reclamation proj- 
ect submitted under the provisions of the 
Appalachian Regional Development Act 
of 1965 was approved by the Appala- 
chian Regional Commission. The project 
called for the restoration of 177 acres 
of strip-mined land in the Moraine State 
Park in Butler County, Pa. 

Coal preparation advances followed 
evolutionary lines established im prior 
years with increasing emphasis on heavy- 
medium equipment. The first heavy- 
medium unit for producing three pro- 
ducts—clean coal, middlings, and refuse 
—completed a full year of operation. 
Removal of sulfur from fine coal sizes 
received increasing attention, with hydro- 
cyclones being used to concentrate the sul- 
fur, and sieve bends being used to isolate 
it for removal. Flotation was increasingly 
used to clarify preparation plant treat- 
ment water in closed and open circuits 
and to beneficiate fine sizes. Increasing 
emphasis was placed on reducing par- 
ticulate matter in thermal dryer stacks 
and dust collectors to meet the require- 
ments of new regulations enacted by the 
States. Both dry-type collectors and wet 
scrubbers were being investigated. 

In keeping with the trend toward unit- 
train shipments of coal in the last several 
years, new preparation facilities were 
constructed in 1967 with special coal 
handling and storage facilities designed 
for unit-train loading. Some older prep- 
aration plants were equipped for unit- 
train handling to enable operators to 
compete with newer facilities. Although 
track storage still is being used by some 
operators, in order to adapt their opera- 
tions to unit-train movement, many pro- 
ducers have been installing large new silo- 
or bin-type storage facilities. Of the types 
of storage available, ground storage ap- 
pears to be most popular because of the 
low capital investment required and the 
inherent flexibility of capacity. 

Although the unit-train concept has 
been thought practicable for only large 
tonnage producers, the  transloading 
principle has been applied to demonstrate 
the possibilities for small producers to 
ship by unit-train. The first coal storage 
and loading facility using this principle 


3 U.S. Department of the Interior. Surface 
Mining and Our Environment. 1967, 124 pp. 
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operated throughout 1967. Through a 
unique combination of unloading, stor- 
age and unit-train loading units, this 
facility enables a number of mines within 
a 25-mile radius of the site to ship by 
unit-train that might not otherwise be 
able to reap the benefits of unit-train 
shipping rates. Comprised of three silos, 
with a total capacity of 42,000 tons, and 
appropriate conveying units, the complex 
is capable of loading unit-trains with a 
capacity of up to 10,000 tons at a rate 
of 4,000 tons per hour. 

Significant gains continued in the 
trend toward  unit-train shipments of 
coal that started in 1962. Spokesman 
for the coal and transportation industries 
estimated that at least a third of the 
coal produced in 1967 traveled by unit- 
train. In a series of continuing experi- 
ments on the efficient use of locomotive 
power with maximum train tonnage, a 
major coal-carrying railroad operated a 
500-car super train over a distance of 
157 miles. The train was about 4 miles 
long and weighed more than 47,000 tons 
for a new record in bulk train shipments. 

Increased application of new tech- 
nology in transportation was also in 
evidence in water transportation. The 
building of powerplants adjacent to 
waterways, to take advantage of low 
transportation costs, was on the increase. 
To meet the need for decreased handling 
time in barge unloading at powerplants, 
one equipment manufacturer designed 
and built a continuous bucket barge un- 
loader with an average design capacity 
of 800 tons per hour. Among the ad- 
vantages cited for this new system were 
lower maintenance cost, lower power con- 
sumption, and lower manpower require- 
ments. Ocean transportation continued 
to follow the trend in other forms of 
transportation toward large shipments. 
The record for coal loading into single 
ships continued to be broken as it has 
been repeatedly in recent years. After 
setting a record for loading in January 
of 83,868 tons on its maiden voyage, the 
Cetra Columba set a new record of 91,- 
443 tons in June. 

Announcement of an agreement be- 
tween a coal company planning to open 
a mine in the virtually virgin coal area 
of the Black Mesa field in Árizona and 
a newly formed pipeline company fore- 
told renewed interest in slurry pipeline 
transportation in the United States. To 


335 


be in operation sometime during 1970, 
the pipeline will transport coal about 275 
miles from a mine in northeastern Ari- 
zona to an electric power generating 
plant in southern Nevada. This pipeline 
development was part of the largest 
coal contract to be signed in the history 
of the industry; the contract called for 
a minimum supply of 117 million tons 
over a period of 35 years, and amounted 
to a $500 million coal purchase. 

Of major importance to the coal in- 
dustry during 1967 was the accelerated 
movement in mergers of oil companies 
and coal companies toward a “total en- 
ergy’ company concept. In addition to 
mergers with existing coal companies, 
this movement was broadened with the 
purchase of leasing of coal reserves by 
oil companies and the formation of coal 
mining branches within oil company or- 
ganizational structures. One major oil 
company announced the acquisition of 
“several hundred thousand acres” of 
coal lands in five States as a part of a 
$20 million coal program that is being 
supplemented at the rate of about $12 
million per year. 

Sparking the trend toward coal as a 
supplemental source of hydrocarbon raw 
materials was the dedication of the coal- 
to-gasoline conversion pilot plant, built 
by a major coal company under a re- 
search contract with the Department of 
the Interior. Engineering evaluations of 
the coal liquefaction process utilized at 
the pilot plant indicate that the result- 
ing synthetic gasoline can be produced 
for 10 to 12 cents per gallon. The pilot 
plant will be operated for 2 to 3 years 
to provide data that can be used for 
construction of a commercial plant by 
private industry. A contract amendment 
that provides for the construction and 
operation of a pilot plant for the pro- 
duction of pipeline-quality gas was ex- 
ecuted by the Department of the In- 
terior and the Institute of Gas Tech- 
nology. Based on the conversion of coal, 
process estimates based on laboratory 
performance indicate that gas completely 
interchangeable with natural gas can be 
produced from coal for 35 to 40 cents 
per million cubic feet. The process used 
is hydrogasification and consumes only 
coal, air, and water. Char produced by 
the reaction will be consumed in a mag- 
netohydrodynamic generator to provide 
energy for the reaction. 
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Interest in lignite reserves was boosted 
by the signing of a $8.5 million amend- 
ment to the Department’s contract with 
a major coal company to provide for the 
construction of a lignite gasification pilot 
plant at Rapid City, S. D. The future 
utilization of vast remaining reserves of 
lignite in the Montana, North Dakota, 
and South Dakota area will be influenced 
by the successful performance of this 
pilot plant. The process, to be employed 
at the plant known as the CO; (carbon 
dioxide) Acceptor Process, produced in 
laboratory tests a low-cost pipeline gas 
suitable for use in the Nation's existing 
gas systems. i 

Promise for future increased markets 
for lignite was indicated in the results 
of research on production of carbon 
disulfide—a chemical essential in manu- 
facturing rayon and cellophane. Cost 
estimates from laboratory data indicated 
a favorable outlook for industrial applica- 
tion of the process. The process consists 
essentially of the controlled reaction of 
sulfur from natural gas with lignite char. 
Both natural gas and lignite occur in 
North Dakota in quantities suitable for 
future industry based on this process. 
Annual carbon disulfide production is 
over 660 million pounds, worth approxi- 
mately $30 million. 

With the signing of Air Quality Act 
of 1967, the adoption and proposed 
adoption of air quality regulations by 
several States and the publication of cri- 
teria for Sulfur dioxide emissions from 
federal facilities in three metropolitan 
areas, research on the environmental 
aspects of coal utilization received in- 
creased impetus. Emphasis of research 
by federal agencies and private industry 
is primarily placed on removal of sulfur 
dioxide from stack effluent following 
combustion. However, the removal of 
sulfur from coal prior to combustion re- 
ceived attention. Preliminary results fom 
a pilot plant operation indicated 90 per- 
cent removal of sulfur oxides by the 
alkalized alumina process. Even higher 
rates of removal were claimed by a 
process that utilizes a dolomite additive. 
Sponsored by 12 electric utility com- 
panies, a pilot plant was installed at an 
electric generating station to study the 
reduction of sulfur in coal prior to com- 
bustion. Initial laboratory tests demons- 
strated the removal of 60 to 70 percent 
of the sulfur in coal at the powerplant 
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site during pulverization, using existing 
coal-cleaning processes in a novel com- 
bination. An entirely different approach 
to sulfur removal was taken by a coal 
company that announced the selection of 
an engineering firm to design a pilot 
plant to produce deashed, low-sulfur 
coal. To be constructed under contract 
with the Department of the Interior, the 
pilot plant will develop engineering data 
for design and construction of com- 
mercial-size units and wil produce 
deashed, low-sulfur coal for market test- 
ing. Other means of assuring high am- 
bient air quality receiving attention were 
the location of coal-burning powerplants 
outside heavily populated areas and the 
use of high stacks. 

Solid emissions from  coal-burning 
powerplants were not overlooked during 
1967. Papers presented at the first Fly 
Ash. Symposium! foreshadowed the 
eventual increased use of fly ash and 
bottom ash. Some 20 million tons of fly 
ash is collected annually and research 
efforts are continuing to develop eco- 
nomically marketable products. Industry 
spokesman projected the amount pro- 
duced annually by coal-burning power- 
plants to reach 45 million tons by 1980. 
Only 1.25 million tons is being used 
annually as a construction-material addi- 
tive, while the balance presents a waste 
disposal problem for the utilities industry 
and the public. 

A pilot plant began operations to de- 
velop engineering costs and design fac- 
tors for a commercial plant to produce 
brick from fly ash. The process involves 
the use of a combination of fly and bot- 
tom ash in predetermined amounts to 
yield acceptable bricks of high quality. 
Cost studies indicate that the pilot plant, 
which is designed to produce hollow 
block and paving tile as well as brick, 
will demonstrate that brick can be pro- 
duced at a commercial scale for less 
than $30 per 1,000. A corporation was 
formed to process fly ash from a major 
electric utility company’s powerplant 
while a coal company acquired a fly ash 
processing company as the opening 
gambit of a market widening program. 


4Faber, John H., John P. Capp, and John 
D. Spencer (comps.). Fly Ash Utilization. Pro- 
ceedings: Edison Electric Institute-National Coal 
Association-Bureau of Mines Symposium, Pitts- 
burgh Pennsylvania, March 14-16, 1967. BuMines 
Inf. Circ. 8848, 1967, 345 pp. 
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Research promoted by utility and coal 
companies and Federal and State agen- 
cies include the use of fly ash in construc- 
tion materials, in soil stabilization, and 
as a source of common and rare metals. 
In line with the use of solid wastes in 
building materials as a means of alleviat- 
ing disposal problems, a contract be- 
tween the Department of the Interior 
and a private research firm was an- 
nounced to study the use of coal washery 
wastes in building materials. Although 
about 20-million tons of coal dusts is 
generated annually at washeries, only 
about half that amount is recovered 
and sold. As well as producing a val- 
uable product, successful research re- 
sults would offer promise for reducing 
stream pollution from waste discharges. 

Concern with water pollution spurred 
additional efforts to establish effective 
control techniques. Agencies of Federal 
and State Governments, industry, and 
private research groups continued efforts 
to reduce stream pollution. A contract 
was signed for the design of the first 
plant to produce potable water by flash- 
distillation with coal-supplied power. A 
neutralization technique for treating 
mine effluent with inexpensive coarse 
limestone was announced. A major coal 
company announced plans for two re- 
search projects at mine sites to deter- 
mine costs and develop data for treating 
acid mine water. The practicability of 
lime neutralization plants under certain 
conditions continued to be demonstrated 
at pioneer installations. Additional re- 
search grants were awarded for studies 
of the complex nature of acid mine 
drainage and of various treatment tech- 
niques, including bacterial action as a 
means for removing iron compounds 
from mine effluent. 

Coal research continued at a high pace 
in other areas to develop new markets for 
coal, and to eliminate or reduce problems 
associated with the utilization of coal. A 
process for producing hydrogen cyanide 
from the reaction of coal with ammonia 
was announced. Projected yields of 
hydrogen cyanide range from 140 to 220 
pounds per ton of coal while cost proj- 
ections indicate that a plant using 20,000 
tons of coal per year could produce 
hydrogen cyanide profitably, as a copro- 
duct with thermal grade carbon black, 
for about 7 cents per pound. Construc- 
tion began on a coal-based, sewage- 


337 


treatment plant that will develop costs 
for future commercial adaption of this 
process. A pilot boiler was developed to 
provide preliminary parameters and 
prove the economic feasibility of flui- 
dized-bed combustion. The  ash-fouling 
tendencies of certain elements in lignite 
continued to receive the attention of coal 
researchers. Development began on a 
process for treating coal in a high-tem- 
perature gas stream to produce useful 
gaseous, liquid, and chemical products. 
A study was initiated to determine 
potential markets for char derived from 
coal conversion processes developed for 
producing liquid and gaseous hydro- 
carbons. 

With the upswing in coal demand and 
installation of new mines to meet these 
demands, coal industry spokesmen 
voiced fears of an acute shortage in 
manpower of the type necessary to op- 
erate and maintain increasingly complex 
coal production equipment. One survey 
indicated that at least 30,000 men 
would be needed for each succeeding 
year of a 4-year period. Public officials, 
both Federal and State, are working in 
conjunction with industry to assure a 
sufficient supply of trained labor. Man- 
power training programs were started in 
one major coal-producing State to train 
needed mechanics and electricians. Vo- 
cational schools in concerned coal-pro- 
ducing States initiated courses to provide 
students with the necessary skills. 
Several large coal producing companies 
started training programs, with the aid 
of State educational facilities and person- 
nel, to upgrade the skills of existing 
maintenance personnel and to train new 
mechanics and electricians. Broader use 
was made of Federal and State programs 
to upgrade the skills of supervisors and 
to train supervisor candidates in mine 
safety. To encourage men to remain in 
the coalfields and follow a career in 
mining, companies embarked on a con- 
certed campaign to publicize the bene- 
fits of a mining career. One coal com- 
pany started construction on two model 
towns near new mines as part of a cam- 
paign to recruit new employees. Modeled 
after typical urban development, com- 
plete with shopping centers, schools, and 
recreational areas, these “new” towns 
will be constructed and managed by 
companies other than the coal company 
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to avoid the pitfalls associated with past 
“company” towns. 

Promise for increased interchange of 
coal research information in future years 
between coal producing Nations was evi- 
dent during 1967. Recognizing the uni- 
versal problems in air pollution abate- 
ment and coal research, arrangements 
were made for exchange of information 
with coal research groups in the Eco- 
nomic Commission for Europe (ECE) 
Nations. A group of specialists from 
seven member Nations of the Organiza- 
tion for Economic and Cooperative De- 
velopment (OECD) toured coal produc- 
tion and transportation facilities in the 
United States. The first Fly Ash Utiliza- 


MINERALS YEARBOOK, 1967 


tion Symposium was preceded by a 
U.N. sponsored conference on the same 
subject and was attended by members of 
ECE’s Group of Experts on the Utiliza- 
tion of Ash. Consideration by the Gov- 
ernment of Czechoslovakia of an Amer- 
ican-developed process for sintering fly 
ash was a direct consequence of this 
meeting. Scientists from Poland's Central 
Mining Institute at Katowice toured both 
Government and industry coal research 
establishments. Similar arrangements 
were made with coal research groups 
from other nations as an important step 
in the development of an international 
information exchange program on natu- 
ral resources. 
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Table 4.—Estimated weekly production ! of bituminous coal and lignite in 1967 and final 
production in 1966 


(Thousand short tons) 


1966 1967 
Week ended— Maximum Average Week ended— Maximum Average 
Production number of production Production number of production 
working per working working per working 
days day days day 
Jan. 1....... 289 20.1 31,946 
Jan. 8 10,281 6 1,714 Jan. 7....... 9,644 5 1,929 
Jan. 15. 10,722 6 1, 787 an. 14. 11,270 6 1,878 
Jan. 22 10,607 6 1,768 Jan. 21...... 11,149 6 1,858 
Jan. 29 10,116 6 1,686 Jan. 28...... 11,275 6 1,879 
Feb. 5 8,842 6 1,474 Feb. 4 10, 817 6 1, 803 
Feb. 12 10,171 6 1, 695 Feb. 1112 10, 531 6 1,755 
Feb. 19...... 10,238 6 1,706 Feb. 18 11,125 6 1,854 
Feb. 26 10,805 6 1,801 Feb. 25. 10, 645 6 1.774 
Mar. 5. 10, 325 6 1,721 Mar. 4. 10, 630 6 1,772 
Mar. 12...... 10,464 6 1,744 Mar. 112 9,191 6 1,532 
Mar. 19...... 10,809 6 1,802  Mar.18...... 10,408 6 1,734 
Mar. 26...... 10,710 6 1,785  Mar.25...... 10,937 6 1,823 
Apr. 2......- 9,37 5.3 1,768 Apr. 1........ 11,198 5.5 2,036 
Apr. 10, 476 6 1,746 Apr. 8. 10,914 6 1,819 
Apr. 16.....- 6,295 6 1,049 Apr. 15...... 11,185 6 1,864 
Apr. 23...... 5,741 6 957 Apr. 22 11,393 6 1,899 
Apr. 30 7,355 6 1,226 Apr. 29______ 11,432 6 1,905 
Mey 7 10,519 6 1,758 May 6....... 11,368 6 1,895 
May 14...... 10,923 6 1,821 May 13...... 11,082 6 1,847 
May 21 11,006 6 1,884 May 20 10,917 6 1,820 
May 28. 11,444 6 1,907 May 27 11, 639 6 1,940 
June 4 9, 686 5.1 1,899 June 33 9,593 5.1 1,881 
June II 11,495 6 1,916 June 10 11, 543 6 1,924 
June 18...... 11,624 6 1,937 June 177. 11,510 6 1,918 
June 25. 11,383 5.8 1,968 June 24. 11,497 6 1,916 
July 22 5,271 2.9 1,818 July 1....... 6,010 2.4 2,504 
uly 9. 3, 782 1.8 2,101 July 8....... 3,963 1.5 2,642 
July 166 8,940 4.4 2,032 July 15...... 9,720 4.5 2,160 
July 23 9,766 5.3 1,848 July 22...... 9,526 5.2 1,832 
July 30...... 11,504 6 1,917 July 29...... 11,281 6 1,880 
Aug. 6....... 10,679 6 1,780 Aug. 5 10, 994 6 1,832 
Aug. 13...... 10,913 6 1,819 Aug. 122 11,187 6 1,865 
Aug. 200 11,482 6 1,914 Aug. 19. 11. 132 6 1,855 
Aug. 27 11,506 6 1,918 Aug. 26 10, 957 6 1,826 
Sept. 3....... 11, 492 6 1,915 Sept. 22. 11, 305 6 1,884 
Sept. 10...... 9,887 5 1,977 Sept. 9 9,447 5 1,889 
Sept. 17...... 11,298 6 1,8883 Sept. 16...... 11,212 6 1,869 
Sept. 24..... 11,163 6 1,861 Sept. 23..... 11,114 6 1,852 
Oe... 10, 753 6 1,792 Sept. 30______ 11,098 6 1,850 
Oct. 8....... 11,429 6 1,905 Oct. 7 11,001 6 1,834 
Oct. 18. 11,677 6 1,946 Oct. 14. 11,075 6 1,846 
Oct. 22 11,520 6 1,920 Oct. 21...... 10,993 6 1,832 
Oct. 29 11,673 6 1,946 Oct. 28...... 11,330 6 1,888 
Nov. 5. 11,530 6 1,922  NoV.4....... 10,987 6 1,831 
Nov. 12...... 10,092 5.3 1,904  NoV.ll...... 11,020 5.6 1,968 
Nov. 19...... 11,354 6 1,892  Nov.18...... 11,451 6 1,909 
Nov. 266 10, 015 5 2,003 NOV. 255. 9,538 5 1,908 
Dec. 3....... 11,241 6 1,874 Dec ....... 11,131 6 1,855 
Dec. 10 11,373 6 1,896  Dec.9....... 11,122 6 1,854 
Dec. 17 11,655 6 1,943 Dec. 16 10, 635 6 1,773 
Dec. 24 11,400 6 1,900 Dec. 23...... 10,611 6 1,769 
Dec. 31...... 8,988 5 1,798 Dec. 30 8,272 5 1,654 
Total.. 533,881 297.0 1,798 Total 551, 000 295. 8 1,863 


1 Figures are based principally upon railroad carloadings and shipments on the Allegheny and Monongahela 
Rivers, supplemented by direct reportsfrom certain localsources. These estimates include coal both shipped by 
truck, and used at the mines, and the totals represent output for all mines producing 1,000 tons or more per 
year. 

s Figures represent output and number of working days in that part of week included in calendar year shown. 
Total production for the week ending January 1, 1966, was 8,950,000 net tons. 

3 Average daily output for the entire week and not for working days in the calendar year shown. 
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CONSUMPTION AND STOCKS 


Table 5.—Consumption of bituminous coal and lignite, by consumer class, with retail 
deliveries in the United States 


(Thousand short tons) 


Manufacturing and mining industries 


Bunker — > T Retail 
Year and month Electric lake Other deliveries Total of 
power vessel Beehive Oven Steel and manufac- to other classes 
utilities! and coke coke rolling Cement turing con- shown 6 
foreign 2 plants plants mills? mills and sumers 5 
mining 
indus- 
tries 4 
19633 209,038 670 1,613 76,020 7,401 8,138 82,797 23,548 409, 225 
/ A 88 223,032 711 2,025 86,732 7,394 8,679 82,928 19,615 431, 116 
EE eebe 242,729 655 2,693 92,086 7,466 8,873 85,614 19,048 459, 164 
1966: 
Januar ---------- 24, 063 1 161 7,377 764 924 8,663 3,189 45,142 
February...........- 21,268 160 7,041 724 649 7,771 2, 947 40, 555 
March E EES 21,631 4 188 7,988 696 63 7,981 1,865 41,016 
PTC ĩ c 20, 324 54 175 7,645 599 731 7,398 1,102 38 ,028 
EE 19,972 82 185 8,080 556 740 7,080 706 37,401 
June... 21,269 78 200 7,951 504 789 6,684 498 37,973 
July. EE 22,962 68 169 8,048 420 763 6,316 474 39,220 
August 22, 684 77 237 8,084 433 745 6,600 938 39, 798 
September. 20, 990 72 233 7,833 478 788 6,640 15,432 38,466 
October... .......... 22,009 176 231 7,975 584 778 7,583 2, 023 41,259 
November 22, 433 77 222 7, 718 607 789 8,023 2,163 42,032 
December 24, 602 20 208 7,783 752 790 8,593 2,628 45,376 
"Total: 264,202 609 2,969 293,523 7,117 9,149 89,3382 19,965 486,266 
1967: 
Januar 24, 728 1 200 7,746 716 692 8,335 2,610 45,028 
February 22 88 153 7,096 661 647 7,643 2,550 41, 508 
March... 22,910 4 103 7,876 633 732 7,773 1,680 41,711 
ApDprnl 20,955 47 99 7,508 518 701 6,809 729 37,366 
May ¿Z 8 21,543 69 96 7,740 513 789 6,707 693 38,150 
³ð— sit Ses 22,318 69 990 7,237 424 68 6,331 433 87,590 
July. clc coles 21,999 53 78 7,289 396 681 5,755 473 36,724 
August ............- 22,922 61 98 7,430 413 703 6,313 895 38 ,835 
September 21, 133 56 93 7,345 418 767 6,010 11,311 37, 133 
October 22, 528 55 120 7,709 494 795 6,821 1, 592 40,114 
November 23, 364 43 122 7,718 552 943 7,339 1,985 42,066 
December 24, 631 9 122 8, 043 592 784 7,706 2,148 44, 035 
Total... uu l L: 271,784 467 1,374 90,737 6,330 8,922 83,542 17,099 480,255 


1 Federal Power Commission. 

z Bureau of the Census, U.S. Department of Commerce, Ore and Coal Exchange. 

3 Estimates based upon reports collected from a selected list of representative steel and rolling mills. 

4 Estimates based upon reports collected from a selected list of representative manufacturing plants. 

5 Estimates based upon reports collected from a selected list of representative retailers. Includes some coal 
shipped by truck from mine to final destination. 

6 The total of classes shown approximates total consumption. The calculation of consumption from produc- 
tion, imports, exports, and changes in stocks is not as accurate as the Total of classes shown” because certain 
significant items of stocks are not included in year-end stocks. These items are: Stocks on Lake and Tidewater 
docks, stocks at other intermediate storage piles between mine and consumer, and coal in transit. 
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Table 6.—Stocks of bituminous coal and lignite in the hands of commerical consumers and 
in the retail dealers’ yards in the United States 


Days’ supply at current rate of consumption on date of stocktaking 


Manufacturing and mining industries 


Total stocks — — 
Date (thousand Other 
short tons) Electric Oven Steel and manu- Retail 
power coke rolling Cement facturing dealers Total 
utilities plants mills mills and 
mining 
industries 
1966: 

Jan. 81..... 71, 889 64 43 16 88 87 8 49 
Feb. 28. 69, 055 62 39 18 89 38 2 48 
Mar. 31.... 73, 526 70 44 17 48 46 3 56 
ME 30. 68,115 69 84 16 41 45 6 54 
ay 31. 69,761 75 83 18 48 48 10 58 
June 30.... 73, 173 71 94 20 46 52 17 58 
July 31..... 65,344 63 26 26 46 51 19 52 
Aug. 31. 68,558 67 28 27 50 50 10 58 
Sept. 30. Q. 72,471 74 29 23 48 49 6 56 
Oct. 81..... 75, 336 77 32 19 51 44 4 57 
Nov. 30. .. 75, 534 79 33 17 51 39 4 54 
5 31. 74,466 67 37 16 51 88 8 51 
Jan. 31 72,951 64 37 17 54 39 50 
Feb. 28. 70, 196 61 37 14 45 86 47 
Mar. 81.... 71,231 69 97 17 39 88 53 
Apr. 80.... 74,696 71 89 19 86 48 60 
ay 31. 80,209 84 42 20 87 46 65 


Nov.80.... 95,001 92 42 18 49 44 
Dec. 31. 93,128 88 42 18 58 42 
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Table 7.—Distribution of bituminous coal and lignite, 1967, by method of movement and 
consumer use 


(Thousand short tons) 
Used at 
Shipments Electric Cokeand Retail  Allothers Railroad mines and 
utilities gas plants dealers fuel sales to 
employees 
Total shipments to all destinations in 
the United States, Canada, and Mex- 
ico, by all methods of movements and 
consumer use, and overseas exports.. 296,177 99,786 18,789 99,895 1,179 1,678 
Shipments to all destinations in the 
United States, Canada, and Mexico 
by specific method of movement and 
consumer use: 
Method of movement: 
r Eee 152,940 50,951 10,984 61,925 osasu 8 
River and ex- river 63,296 27,959 1,245 8.89 . . oaaae 
Great Lakes 114. 23,947 18,456 8,178 12.502. 2. ` dee 
Tidewater 3... .. 14,527 6,266 4 T9 EE 
g kat ĩð On GA 25,119 1,154 3,383 11.941. 2. 2:222 
Tramway, conveyor, and 
rivate railroad. .......... 16,848 ........ ... EE 
Method of movement and/or 
consumer uses unknown 1,179 1,678 
Total... ee sees es 296,177 99,786 18,789 99,895 1,179 1,678 
Canadian U.S. U.S. 
Great Great tidewater Overseas Net 
Lakes Lakes dock exports‘ change Total 
commerical dock storage š in mine 
docks 3 storage 3 inventory 
Total shipments to all destinations in 
the United States, Canada, and Mex- 
ico, by all methods of movements and 
consumer use, and overseas exports. . 368 — 622 34,174 663 552, 647 
Shipments to all destinations in the 
United States, Canada, and Mexico 
by specific method of movement and 
consumer use: 
Method of movement: 
Jͥ̃˙ͥÜö⁰ùiůõ ² ꝝę ⅛ f ĩðͤ y y deet 276, 800 
River and ex-rive mn; „„ 99, 396 
Greast Lakat (owl Boece. Kamba a Ju Sau. ctelaest, Mure E 53,078 
i ⁵ðU ] §Äͥ Qusan. ͤ K ĩᷣ y SS Beete 21, 370 
Cl ³Ü umu T—?Ä8 47,597 
Tramway, conveyor, and 
Private Taroads EE 16,406 
Method of movement and/or 
consumer uses unknown. ....... 368 —62 .......- 34,174 663 38,000 
ff A EE 368 —62 — 34,174 663 552, 647 


1 Excludes shipments to Canadian Great Lakes commercial docks and U.S. dock storage for which consumer 
uses are not available; however, includes vessel fuel, the destinations of which are not available. 

2 Excludes overseas exports and U.S. tidewater dock storage for which consumer uses are not available; 
however, includes bunker fuel, the destinations of which are not available. 

3 Consumer use unknown. 

4Excludes Canada; consumer use unknown. 
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Table 8.—Distribution of bituminous coal and lignite, 1967, by district of origin and 
consumer use 


(Thousand short tons) 
Used at 
District of origin 1 Electric Coke and Retail All others Railroad mines and 
utilities gas plants dealers fuel sales to 
employees 
J]; 2 cee OEC ent RP oe SR een CT eRe m eR 29,088 3,870 444 8,280 191 455 
Ee 8,689 24,663 564 6,924 8 24 
/ ³˙i˙ A 37, 766 7,025 588 8,122 40 20 
SPERE ECONTRA CENE 91,630 ........ 1,579 12,198 159 32 
rb ¾ͤ Kw 88 2,124 17,607 1,528 2,660 151 628 
ae nT Ie OANE SAO sma 8 60,789 82,824 8,074 80,699 288 896 
E 41,206 19 1,557 4,670 52 
ee ee ee 45,909 2,108 2,253 15,631 160 45 
e eee eet 1223333 ĩ 450 6,137 115 9 
ü Kd ͤ ĩ 8 689 2... 8 IU] secures | ited eee 
t Eo SE 9,006 6,139 186 818 ....... 2 
/// ³ h . AAA 88 435 G2 siesta: ee Dee 
/ ³˙¹—.- A ET 4,472 128 81 480 . 
///ͤ.õĩ¹Üð¹·¹i.Añ yd 549  ........ 43 TI- Leissas 4 
J!! 8 2,040 2, 876 294 813 ꝓ—9̃ 2 
IS ĩ A 2,860 ........ 5 dA. eet, Maie 
/// EEN 2,821 27 114 624 81 2 
2 TEE 784 1,890 757 577 8 31 
7A TEE 3,119 2252252 293 575 86 24 
22 ONG 28 sis accretions 8 463 ........ T9 838 3 4 
Total E 296,177 99,786 18,789 99,895 1,179 1,678 
Canadian U.S. U.S. Net 
Great Great tidewater Overseas change 
Lakes Lakes dock exports‘ in e Total 
commercial dock storage 3 inventory 
docks 3 storage š 
| eT M 8 15 22828 1,339 68 43,698 
9882988 STEM Vu CCC — 41 40, 890 
Sand E 96 92 —5 714 62 54, 470 
& Z c oe TP EE m 59 n C: Y . . . suo. 140 45,650 
(y ca x 3 119 14 15,708 441 40,973 
Bie eee he ee ee ete 118 — 86 —9 16,418 — 89 149,312 
| "Sr C / Wesce 38 47,728 
Lu ñ ¾ ↄ . 88 er, A 8 —42 66,028 
De ek ete uec f y Mute eit 16 19,006 
12 e taa a , ñß́gßds f E. nic EE Masti 874 
KEE —5 16,091 
. ³Ä cun ule ⁵ð // y ĩ y ĩͤ ĩ gu dE 497 
IDE ouo ß e dde —28 5,135 
/ p" EE 2 67 
AG 326 tec aie en ita ene ri meo ðx ß . é ⁊ðx ß ĩ⁊ ; ᷑ ß maa 21 5, 546 
IJ188. oÜW¹i¹wqꝓ¹-ͥ . ⅛ꝛꝶ7;⁊˙m x 8 —7 2,892 
Jö EEN 3,619 
///) a d PN ͤã yym xx ER 18 4,060 
Oe eich Bec tasnuy sas k seine. een, wee . ee 74 4,121 
h // ⁰ͥ⁰ͥ⁰⁰⁰ ͥ k ³ð d veniale y em Sau SSS 1,387 
/ ³ĩð A teed is 368 —62 `... 84,174 663 552,647 


1 Source for producing districts: Bureau of Mines. Bituminous Coal and Lignite Distribution Calendar Year 
1967. Mineral Industry Survey, March 1968, 39 pp. 


xcludes Texas. 
3 Consumer use unknown. 


4 Excludes Canada; consumer use unknown. 
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Table 9.— Distribution of bituminous coal and lignite, 1967, by destination and consumer use 


(Thousand short tons) 
Electric Coke Retail All 
Destination Total utilities and gas dealers others 1 
plants 
New England: 

(TT oe et ests 4,022 8,418 ......... 110 494 
Connecticut 4,793 4,080 488 12 268 
Maine, New Hampshire, Vermont, and 

Rh )J 86 926 T19- 252255256 42 165 
Middle Atlantic: 
00ͤͤõĩ«ͥ²iUAF ] — Nm 27, 300 14, 380 5, 980 165 6, 825 
New Jereesg -020200 , 865 : 16 957 
Ivanil o Se ec tee 61,197 23, 595 27,869 781 9,452 
East No Central: 
ORIG EEN 58,726 80,086 11,610 2,191 14,889 
TREE 40,441 20,624 12,321 1,070 ,42 
ll TEE 46,710 29,497 ,449 4,074 9,690 
Michigan 84,959 19,605 4,591 1,485 9,278 
Wiscon i 15, 581 858 497 1.914 4,812 
West North Central: 
innesota. ---.--- 2-2 7,142 4,187 929 685 1,891 
to ul no Se aes do 5,549 S220. c. ee 855 1,967 

crua grate an Ease We Sa De Rate anus , 889 6,944 219 189 , 087 
North Dakota and South Dakota 8,427 622 ` 2... 867 488 
Nebraska and Kansas 1,254 861 ......... 46 847 

South Atlantic: 
Delaware and M den 3 14,954 8,713 5,898 98 766 
Det of Columbia. 2 886 54 89 2251 

JJ wk um t SPEED 14, 854 8,896 7 768 5,188 
Wert Virginia EEN 23,244 12,671 4,885 892 5,296 
North UR EE 17,515 14,8349 ......... 636 2,530 
gun e .. ul l l u anken 5,554 877 `... — 269 1,408 

Kiel, araya) Ferde nee TEE 11,492 10,519 ......... 177 796 
East Sou 
Kentueky o EE Pe SASA xʒ 19,046 14,087 1,958 498 2,008 
Tennessee.. -0-an 18,185 14,777 174 555 2,679 
Alabama and Mississippi 24, 081 14,550 7,982 97 1,502 
eR TA i Okiah and 
oma, 
9 AA 955 -...------ 822 28 110 
Mountain: 
Col 671i!!! 8 4,720 2,919 1,057 289 455 
f/ ieee ecco 2,858 479 1,865 198 816 
Montana and Idaho. .................- 968 828 427 218 
Lino GEES 2,494 2,291 ......... 28 175 
New Mexico 2,526 2,504 ........- 6 17 
Arizona and Nevada 700 661 ......... 25 14 
gen abi d O 541 191 350 
ington and Oregon................ DÉI ......... ......... 
ne ß os 2,051 222 2,017 14 20 
WITT EEN 952 185 ..... pe 48 174 
Canada EE 14,856 4,982 5,518 442 8,969 
r, e cecus de cre cb 1... ese ee Seene eee ( 62 
Destinations not revealablo 994 487 160 49 298 
Destinations and/or consumer uses not 
available: 
Great Lakes movement: 
an commercial docks. ........ BOG. eege e Aue EDac ĩð-K susu < 
Vessel fuel..................---..- ny mE E CCS 
U.S. dock storage.................- CJ dime y Qua 
Tidewater movement: 
Overseas exports (except Canada)... 34,174 ......... ))) 
BunkerfUM. o eae; . . (UO x ]ðé d. K reet, “does 
%%% ᷣ̃ ůñůll.. pce, uU AE tee Viu cuum ĩð m ce 
Railroad fuel: 
U.S. eompan ies I.148. 2.222. ⁵ ũ ¼— caxscress 
Canadian companies die (Seer cece, x y | be care 
Coal used at mines and sales to employees. 6e. •˙ dy 8 
Net change in mine inventory..........- Odo 2222: ß lee 
TOUM ˙•AAA·¹⁰A ATT e . Sebetu esd 


1 Excludes vessel fuel and bunker fuel, the destinations of which are not available. 


3 A considerable block of tonnage is included under Destinations not revealable.“ 
s Excludes shipments to Canadian Great Lakes commercial docks and Canadian railroad companies. 
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Table 11.—The changing levels of bituminous coal and lignite markets—indexes of physical 
volumes shipped to markets, 1957 and 1963-67, by geographic division, States of 
destination, and consumer use 


Geographic division, State of destination, 1957 Index 1957 = 100 (except where noted) 
and consumer use (thousand ——. -y Ko Tn ---—[ 
short tons) 1963 1964 1965 1966 1967 


Total. EE 493 ,895 92.4 98.3 103.8 107.8 111.9 
Electric utilities 160, 754 131.5 142.7 155.1 169.0 184.2 
Coke and gas plants. 112,901 73.8 84.7 89.0 89.1 88.4 
Retail dealers 39,230 66.3 58.4 58.2 52.7 47.9 
All others (includes vessel and bunker 

]Th 88 108,711 90. 8 92.2 92. 8 93.7 91.9 
Railroad fuel (U.S. and Canada)) 9,581 16.1 15.0 13.7 13.7 12.9 
Canadian Great Lakes commercial docks 

(consumer use not available) 2,785 21.3 30.0 38.6 15.4 13.2 
U.S. Great Lakes dock storage (con- 

sumer use not available) 1. NA 23.0 — 207.6 — 182.9 — 102.0 — 120.4 
U.S. tidewater dock storage (consumer 

use not available) ?................- NA 23.1 34.6 38.5 15.4 
Coal used at mines and sales to 

„„ 3,125 56.1 62. 6 63.0 67.1 53.7 
Net change in mine inventory.........- 1,142 — 108.5 — 131.7 13.3 25.5 58.1 
Overseas exports (excludes Canada— 

consumer use not available). 55, 666 59.9 60.6 62.4 60.2 61.4 

New England._____________.._______.__-- 11,909 84.1 84.0 89.3 91.3 81.8 
Electric utilities 6,012 129.2 136.4 149.8 157.3 135.8 
Coke and gas plant nne 1,345 85.1 85.4 35.1 83.8 85.9 
Retail dealers 1,279 23.5 19.2 16.7 14.5 12.8 
All others... 3,273 45.1 33.2 29.1 23.8 28.3 

Massachusetts... LLL cca cssc scs rs 5,354 81.2 77.7 87.4 82.5 75.1 
Electric utilities. 2, 575 133.3 133. 0 159. 5 156.1 132.7 
Coke and gas plants 751 .0 .0 .0 .0 .0 
Retail dealers- -22-22222222-2 755 21.5 21.2 16.0 14.4 14.6 
All others 1,273 59.0 45.1 35.7 22.5 38.8 

Connecticut. |... 2. LLL La LLL cL 2-2 4,105 105.7 116.1 118.6 132.4 116.8 
Electric utilities. 2,567 186.0 155.2 159.8 182.1 157.0 
Coke and gas plants. 594 79.5 80.1 79.5 76.4 81.3 
Retail dealers... .... 222... --- 139 34.5 18.7 9.4 8.6 8.6 
All others__________________________. 805 41.0 34.8 35.3 36.4 33.3 

Maine, New Hampshire, Vermont, and 

Rhode Island... ......................- 2,450 54.3 44.1 44.4 42.0 37.8 
Electric utilities. 870 97.2 90.7 91.5 87.8 82.6 
Retail dealers 385 23.4 15.6 20.5 16.9 10.9 
All others 1,195 33.0 19.3 17.9 16.7 13.8 

Middle Atlan tie. 92, 596 85.8 97.4 103.4 101.4 104.1 
Electric utilities. 31,662 108.3 121.4 134.0 182.8 140.0 
Coke and gas plants. 38,448 68.0 83.5 90.1 87.1 88.0 
Retail dealers. 2,498 54.3 45.8 53.0 43.8 38.5 
All othersʒ __- 19, 988 88. 5 92.3 86.8 86.5 86.2 

New York k.k. 26,753 83.8 96.9 101.0 94.6 102.0 
Electric utilities. 12,335 91.1 104.4 112.2 101.2 116.2 
Coke and gas plant? 5,693 70.6 100.5 109.7 103.3 105.0 
Retail dealers 769 48.5 39.9 47.9 33.8 21.5 
All others 7,956 85.3 88.2 82.7 84.0 85.8 

New Jersey 7,814 88.0 96.3 115.2 111.2 100.7 
Electric utilities 4,284 115.1 133.7 168.2 166.9 149.5 
Coke and gas plant 1,249 31.8 28.0 35.0 40.9 39.2 
Retail dealers 130 44. 6 20. 0 31. 5 12.3 11.5 
All others 2,151 69.2 66.1 61.3 47.1 44.5 

Pennsylvania 58,029 86.5 97.7 102.9 108.2 105.5 
Electric utilities. 15,043 120.6 131.9 142.1 148.9 156.9 
Coke and gas plants 81,506 68.9 82.6 88.7 86.0 86.9 
Retail dealers. 1,599 51.9 50.0 57.2 51.1 48.8 
All others 9,881 95.3 101.3 95.6 97.0 95.7 

East North Central _ aaan 3 170,697 96.3 101.5 108.7 112.6 115.1 
Electric utilities. ; 118.8 128.1 138.2 151.7 162.8 
Coke and eagapolants .........- 38,757 71. 5 80.9 83.1 86.6 83.8 
Retail dealers. .......... 2... 21,321 66.7 58.7 59.8 54.9 50.3 
Eo otherg. -2-222222 22-a 3 44,183 98.6 100.3 102.5 104.5 102.0 

Ohio 8 55,6 88.4 91.9 94.9 103.6 105.6 
^glectric utilities. 20,193 118.9 117.7 122.8 140.3 149.0 
Coke and gas plants. ................- 15,661 57.9 66.8 69.1 78.1 74.1 
Retail dealers 5,077 51.7 49.3 50. 6 45.9 43.2 
All others 14,681 98.6 97.8 99.1 100.4 101.1 

Indiana 84,938 94.8 102.7 105.6 110.0 115.8 
Electric utilities 12,853 119.5 132.4 139.7 144.7 160.5 
Coke and gas plants_______________--- 13,736 77.9 86.3 86.8 89.2 89.7 
Retail dealers. 2,796 62.2 48.7 44.6 41.6 38.3 
All others. 5,553 96.0 101.7 103.7 115.5 115.7 

Illinois. 342,718 91.5 97.1 103.8 108.6 109.3 
Electric utilities. 18,584 112.6 123.7 135.5 149.6 158.7 
Coke and gas plants 3,925 71.8 84.8 91.9 92.4 87.9 


See footnotes at end of table. 
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Table 11.—The changing levels of bituminous coal and lignite markets—indexes of physical 
volumes shipped to markets, 1957 and 1963-67, by geographic division, States of 
destination, and consumer use Continued 


Geographic division, State of destination, 1957 Index 1957 = 100 (except where noted) 
and consumer use (thousand —— -c— — 
short tons) 1968 1964 1965 1966 1967 


Illinois—Continued 
Retail d 


eälerg .. .. 8,628 61.8 55.8 52.9 49.4 47.2 
Al o iere uu u u u SDT: 311,586 87.0 89.4 95.0 92.2 88.6 
EE 26,255 118.8 117.8 127.3 182.4 188.2 
Electric utilities 9,839 188.0 149.8 172.4 187.7 199.8 
Coke and gas plants 4,871 98.7 108:9 109.5 102.8 94.1 
Retail dealerg 2- -2...20 0------- 8,868 64.0 52.6 60.3 54.4 44.1 
Allotherg._______ 8 8,171 114.8 112.2 111.1 115.8 118.5 
WHCODBID c ˙ ˙ A a 11.174 117.8 124.6 131.2 184.7 189.4 
Electric utilities. 4,967 122.6 184.1 189.3 152.7 168.3 
Coke and gas plants 558 60.9 74.7 92.8 .0 89.1 
Retail dealers. 1,457 166.0 142.5 160.1 145.2 131.4 
All other 4,192 108.1 118.8 116.7 116.6 114.8 
West North Central___.______._-_________ 3 20,824 111.6 114.9 119.9 124.7 128.5 
Electric utilities. 8,278 159.2 166.9 178.8 198.8 214.9 
Coke and gas plants. .... ............ 1,518 51.1 78.8 75.0 76.5 15.6 
Retail dealers. 4,079 63.8 58.4 52.8 46.8 40.8 
All others 3 6,949 96.2 96.9 99.6 93.2 88.9 
Ippegota ee 5,832 115.2 132.7 138.9 144.0 183.9 
Electric utilities 1,810 176.7 212.7 228.4 255.5 228.6 
Coke and gas plants 1,206 55.0 85.5 78.9 18.9 77.0 
Retail dealers 558 122.1 105.1 128.9 128.8 128.9 
All others 1,768 91.1 91.7 96.3 79.0 78.9 
17%%%%%ũ ( 8 3 4,878 108.1 99.4 112.9 111.5 113.8 
Electric utilities. ,846 187.8 125.6 149.7 157.9 174.8 
Retail dealers 1,254 56.9 43.7 45.1 28.8 
All others. 31,778 113.7 111.5 122.6 117.2 110.6 
Missouri 6, 862 115.1 118.1 120.1 123.8 186.8 
Electric utilities. 2,605 200.2 208.0 212.7 228.3 266.6 
Coke and gas plants. 812 86.2 50.6 59.6 67.0 70.2 
Retail dealers. 1,495 86.2 80.6 28.3 18.5 12.6 | 
All others... ..-..... LLL Lco LL LLL LL. 2.450 82.8 86.6 88.5 84.2 83.1 
North Dakota and South Dakota. `, 2,416 87.5 90.7 91.5 124.0 141.8 
Electric utilities 1,378 89.5 94.6 98.5 157.7 190.3 
Retail dealers. 517 101.4 93.0 84. 5 77.0 71.0 
All others. 521 68.3 7.9 80.0 81.6 84.1 
Nebraska and Kansas 1,336 136.2 128.3 120.5 102.8 93.9 
Electric utilities. 639 156.2 144.8 165.6 124.6 134.7 
Retail dealerg 2...20 00aaaannnMMMMM 260 56.9 48.1 84.6 28.1 17.7 
All others 437 154.0 139. 6 105.7 116.9 79.4 
South Atlantic- e 52, 560 121.4 129.1 137.1 153.1 168.4 
Electric uüitiee ... 22,251 161.7 174.0 192.5 231.5 267.7 
Coke and gas plants 11,321 79.6 90.5 95.5 92.0 91.4 
Retail dealers 4,765 61.2 66.3 55.5 52.6 50.6 
All others 14,223 109.9 110.7 110.8 112.9 118.7 
Delaware and Marvland .------------ 10,358 105.9 118.9 128.3 186.0 144.4 
Electric utilities. 8,000 167.3 192.5 238.1 210.3 290.4 
Coke and gas plants 5,414 81.5 92.8 94.5 91.7 99.6 
Retail dealers 420 80.2 84.3 53.3 26.4 22.1 
All others. 1,524 78.9 76.4 62.6 58.8 49.5 
District of Columbia 1,097 * 65.5 * 58.2 449.3 481.8 480.8 
Electric utilitiens 609 59.1 61.4 49.4 81.6 89.7 
Retail dealers 188 80.8 72.9 63.8 53.7 47.8 
All others 800 * 69.0 442.7 440.0 499.7 483.7 
MM oe eo K Sie se 10,658 126 .2 180.6 181.6 185.3 140.8 
Electric utilities. 4,485 166.9 176.4 170-;8 185.9 200.6 
Coke and gas plan ts 165 80.8 76.4 161.2 157.6 43.6 
Retail dealers 1,756 59.8 61.4 51.8 47.3 42.9 
All eege, eebe 4,197 115.1 113.4 122.4 117.8 122.8 
West Virginia 15,771 106.2 115.4 122.6 127.8 147.4 
Electric utilities. 6,290 114.2 121.8 188.8 152.5 201.4 
Coke and gas plants 5,742 79.2 88.7 94. 6 90.4 85.1 
Retail dealer 302 94.0 85.4 92.4 101.7 129.8 
Allotheras:..—. 88 8,487 18775 152.0 143.8 147.4 154.1 
North Carolina „ͤ 8, 716 128.4 188.0 142.0 176.1 201.0 
Electric utilities 4,958 160.0 171.4 189.1 246.8 289.7 
Retail dealers 1,248 63.9 59.8 50.2 51.2 51.0 
All others 2,515 98.0 98.9 94.7 98.9 100.6 
South Carolina 8,050 145.6 144.3 141.0 167.8 182.1 
Electric utilities 3 856 289.0 808.. 9 278.9 878.5 452.9 
Retail dealers 821 91.0 94.1 82.2 92.2 83.8 
All others 1,878 89.5 80.0 88.1 84.5 75.2 
Georgia and Floridas 8,015 218.5 229.6 276.0 851.7 881.2 
lectric utilities. 2,108 266.4 286.1 856.4 455.8 499.0 
Retail dealers 580 56.4 58.8 42.1 2.1 83.4 
All others 877 138.2 160.7 155.4 208.0 211.1 


See footnotes at end of table. 
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Table 11—The changing levels of bituminous coal and lignite markets—indexes of physical 
volumes shipped to markets, 1957 and 1963-67, by geographic division, States of 
destination, and consumer use—Continued 


Geographic division, State of destination, 1957 Index 1957 = 100 (except where noted) 
and consumer use (thousand —-———————————————— m 


ahort tons) 1963 1964 1965 1966 1967 


East South Central. 43,288 109.6 115.2 120.4 126.9 141.7 
Eleetric utilities 23,572 137.6 145.8 149.5 159.8 184.2 
Coke and gas plants 10,880 78.6 81.7 88.6 90.0 97.0 
Retail dealers. 2,494 80.2 62.1 56.0 50.7 46.1 
All others 6,887 78.1 81.5 91.5 97.8 97.8 

Kentucky. EE 11,167 138.4 144.6 150.7 158.0 170.6 
Electric utilities. 6,758 154.4 165.4 176.6 187.6 208.4 
Coke and gas plants. 1,688 111.5 110.9 114.0 104.0 116.3 
Retail dealers. 834 95.3 77.3 62.4 66.2 59.7 
All others. 1,892 123.9 129.8 129.9 140.0 132.3 

Tennessee.. 15,104 99.0 93.2 92.0 98.1 120.4 
Electric utilitiemꝛmummꝛmamn— IILI 9,876 119.4 112.1 107.6 115.7 149.6 
Coke and gas plants. ................. 258 84.5 59.3 10.2 69.8 67.4 
Retail dealers 1,206 72.1 61.2 63.2 50.4 46.0 
All others 8,764 55.0 56.2 61.9 69.0 71.2 

Alabama and Mississippi 17,012 100.0 115.4 125.6 182.1 141.6 
Electric utilities. 6,938 147.1 178.0 182.9 195.3 209.7 

oke and gas pnianta -_----__--__ 8,439 65.7 76. 5 84.1 87. 8 94.0 
Retail dealers. 454 73. 8 36.6 25.1 22.9 21.4 
All others. 1,181 78.6 84.8 124.4 119.5 127.2 

West South Central: Arkansas, Louisiana, 

Oklahoma, and Texas 2. 1,868 42.9 58.8 62.4 58.0 51.1 
Electric utilities $ 100.0 75.0 .0 .0 " 
Coke and gas plants... e, 1,050 58.7 82.5 94.9 90.3 78.8 
Retail dealers. ` 161 23.0 19.3 17.4 17.4 14.3 
All other. 2o22 ao 2222222 592 22.3 81.1 24.0 18.2 18.6 

Mountain. 8,779 123.8 141.9 157.9 160.6 162.4 
Electric utilities... ns. 1,487 405.8 485.0 572.5 605.0 639.0 
Coke and gas plants 8,772 65.3 74.1 85.3 83.9 77.5 
Retail dealers.. 2 2 .... .... ..... 1,350 83.1 86.3 85.0 77.3 71.6 
All others. 2,220 63.2 68.7 57.3 53.9 53.6 

Colorado 3,264 115.0 118.8 137.9 144.1 144.6 
Electric utilities... 2 -2 . 2 222. 687 264.3 281.2 857.5 401.5 424.9 
Coke and gas plants 1,324 85.6 83.5 99.8 93.1 79.8 
Retail dealers. 26 87.7 102.1 113.2 105.2 88.7 
All others. 927 55.7 54.7 38.1 40.1 49.1 

JJ ð Ä ²ĩðͤ Vd 3,748 62.3 72.2 76.5 79.3 76.1 
Electric utilitie ns. 367 118.8 111.7 102.7 182.4 180.5 
Coke and gas plants 2,448 54.4 69.0 17.5 78.9 76.2 
Retail dealers. 334 73.1 69.5 62.6 55.7 57.8 
All others. 599 53.9 62.4 64.3 61.9 52.8 

Montana and Idaho ` |... ............. 923 115.5 128.9 116.5 107.8 104.9 
Electric utilities. 1 160.3 164.2 165.9 181.6 183.2 
Retail dealers 593 80.8 80.6 72.8 68.6 72.0 
All others. 329 91.2 127.1 105.2 89.1 64.7 

Wyoming_-__.. r 8 607 925.7 318.9 861.8 428.5 410.9 
Electric utilities. 840 520.3 518.2 597.4 716.8 673.8 

etail dealers. 61 86.9 82.0 82.0 63.9 45.9 
All others.. 206 75.2 60.2 55.8 60.7 85.0 

New Mexico 7). 92 100.0 191.6 221.3 184.1 228.1 
Electric utilities . 37 100.0 195.0 227.8 190.2 230.8 
Retail dealers 12 188.3 150.0 108.3 58.9 41.7 
All others. 43 58.1 81.4 46.5 80.2 89.5 

Arizona and Nevada... . |... ............ 145 387.6 897.9 497,9 509.7 482.8 
Electric utilities = .. 5 181.0 186.1 177.8 186.3 197.3 
Retail dealerg 22222222 24 158.3 225.0 808.3 888.8 104.2 
All others. 116 18.8 51.8 46.6 19.8 12.1 

SEENEN 8,142 80.1 88.8 101.1 82.0 82.5 
Electric utilities. .0 .0 .0 .0 . 0 
Coke and gas plante 1,708 96.8 115.7 137.1 107.7 118.1 
Retail dealers 877 72.4 75.9 87.8 71.1 54.4 
All others. 1,053 56.2 50.0 47.9 44.4 85.1 

Washington and Oregon 1,824 62.5 58.5 60.3 51.9 40.9 
Electric utilities... ...... .. 8 .0 .0 . 0 . 0 . 0 
Retail dealers 367 73.3 75.7 86.6 69.2 52.0 
All others LLL 954 58.6 52.0 50.8 45.4 36.7 

California... ... 2 LL Lc LL LLL LLL 1,818 93.0 110.8 180.8 108.9 112.8 
Electric utilities ns. 1 . 0 .0 .0 .0 .0 
Coke and gas plants. 1,708 96.8 115.7 187.1 107.7 118.1 
Retail dealers. 10 40.0 80.0 130.0 140.0 140.0 
All others. 99 83.3 31.8 24.2 35.4 20.2 

Alaska aa. ; 829 103.1 101. 6 95.2 108.5 114.8 
Electric utilities. 470 71.5 75.3 92.3 43.4 28.7 
Retail dealers. 49 108.2 89.8 81.6 89.8 87.8 
All others. 810 150.8 148.2 101.6 196.8 249.7 


See footnotes at end of table. 
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Table 11.—The changing levels of bituminous coal and lignite markets—indexes of physical 
volumes shipped to markets, 1957 and 1963-67, by geographic division, States of 
destination, and consumer use—Continued 


Geographic division, State of destination, 1957 Index 1957 = 100 (except where noted) 
and consumer use (thousand — menea eenen ae a ee — 
short tons) 1963 1964 1965 1966 1967 
/ ³oꝓO- a detest uu, s 17, 878 76.8 79.3 87.4 88.4 85.8 
Electric utilities. 567 437.9 560.0 705.6 794.7 869.8 
Coke and gas plants. ................. 4,602 122.8 120.5 115.0 127.2 119.8 
Retail dealers 857 94.6 64.4 83.8 65.1 51.6 
All Others. . emos 7,188 57.0 55.0 62.2 61.4 55.3 
Canadian Great Lakes commerical docks | 
(consumer use not available 2,785 21.3 30.0 38.6 15.4 18.2 
Canadien railroad companies 1,884 4.9 6.2 4.0 2.5 1.8 
Mexico EE EEN NA 84.2 94.7 105.8 94.7 108.8 
All others 18... NA 84.2 94.7 105.3 94.7 108.8 
Destinations not revealable !! _---.--- 97.8 108.4 100.4 87.8 72.0 
Electric utilities U2... 22 eee ------- 34.2 61.8 105.0 62.0 98.0 
Coke and gas plants !!,.. eee 161.0 161.5 54.8 83.4 42.8 
Retail dealers 11... 32.3 35.4 89.8 80.8 49.5 
A eee el, a 133.2 134.1 138.8 124.6 72.7 
Destinations not available: 
Great Lakes vessel fuel !12__________._.- 1,859 58.6 59.5 54.0 56.7 47.2 
Tidewater bunker fuel 112. add 41 43.9 41.5 31.7 81.7 12.2 
Railroad fuel, United States companies 13_ 7,697 18.9 17.2 16.1 16.4 14.9 


NA Not available. | 

1 For Great Lakes dock storage the annual base period is 1959 =100. The 1959 annual tonnage was 304 tons. 

2 For tidewater dock storage the annual base period is 1959 = 100. The 1959 annual tonnage was 26 tons. 

3 District 15 shipments to Illinois included with Iowa. 

4 A considerable block of tonnage is included under Destinations not revealable.”’ 

5 For electric utilities in Arkansas, Louisiana, Oklahoma, and Texas the annual base period is 1963 100. 
The 1963 tonnage shipped to electric utilities was 24,000 tons. 

6 For electric utilities in Montana and Idaho the annual base period is 1959 100. The 1959 tonnage shipped 
to electric utilities was 179,000 tons. 

7 For total shipments and electric utilities to New Mexico the annual base period is 1963 =100. Total ship- 
ments to New Mexico were 1,132,000 tons and for electric utilities 1,085,000 tons. 

s For electric utilities in Arizona and Nevada the annual base period is 1962 = 100. The 1962 annual tonnage 
shipped to electric utilities was 335,000 tons. 

8 Includes shipments to Canadian Great Lakes commercial docks and Canadian railroad companies. 

10 Since tonnages for Mexico were first published in 1960, yearly indexes are based on 1960=100. In thou- 
sands of tons, 1960 tons were total 57, all others 57. 

11 Since Destinations not revealable" were first published during 1960, the calendar year indexes are based 
on 1960 = 100. In thousands of tons these figures are as follows: Calendar year 1960 total not revealable 1,880, 
electric utilities 497, coke and gas plants 374, retail dealers 99, all others 410. 

12 Included in summary at beginning of table in “All others.” 

13 Included in summary at beginning of table in “Railroad fuel.” 


Table 12.—Exports of bituminous coal, by 
country groups 


(Thousand short tons) 


Country group 1965 1966 1967 


Canada (including 
Newfoundland) and 
Mexico 15,721 15,882 15,328 

Overseas (all other 
countries): 

West Indies and 
Central America. 2 (1) 6 
Bermuda, Green- 
land, and Terri- 
tory of St. 
Pierre and 
Miquelon 


South America 


Total overseas... 34, 460 
Grand total. 50, 181 


1 Less than 14 unit. 


5 
2,618 
22,984 
7,794 
9 

15 
33,420 


49,302 


34,182 
49,510 
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Table 13.—Bituminous coal exported from the United States, by countries ! 
(Short tons) 


Country 1965 1966 1967 
Ii 619, 662 662, 523 590, 348 
J ³⁰¹· tD¼ vy ete eee 1 
Belgium- Luxembourg 2,214,749 1,840,544 1,422,246 
%%%C%ͤ»ͤ—⁊.ꝛ ⅛ðV hu ⁊ð é— .f. a 8 1,210,517 1,739,113 1,734,561 
Canada. oco soe loo eec EE 15,660,773 15,828,528 15,265,502 
Chile ih ge er ec 126,194 156,182 193,141 
(RTR d EES 5,833 12888 1 
Dominican Republic 084 ;⁵—ub k 8 
PF ?ö’ ⅛˙Ü2-ö26::: ð-d z y y K eee dee eae 2, 069, 602 1,578,517 2,130,969 
Germany, d owed 88 120,614 157,559 77,845 
Germany, West 4, 729, 895 4,894,331 4, 693, 782 
G oi. w A 88 20.328: ¿Lulo uy DZ sole eee es 
JöCöĩÄà .ẽ ꝗꝙ . x 8 313,115 355, 516 267, 236 
%//%/%Cͤãã ĩ ĩ˙»¹. ß ⁰ydm vy x LOC ee 8,930, 666 7,805,553 5,816,341 
yof Z Sri RCM mt ys 8 7,491,114 7,790, 585 12, 226, 739 
N] ³oÜWwmma ⁰·wͥͥ SU d ce ede ae 60, 439 52, 535 „648 
Netherlands 3,371, 223 3,165,221 2,227, 488 
] ³⁰²¹àà(ſſ SSO Zila kuy Sayt 8 „912 4 
Norway ³·1woiÜ! ð ͤ y y ce 2 Sk. 164, 663 220, 484 245, 874 
WT DEER 103 , 604 120,598 85,897 
Saint Pierre and Miquelon, Territory of.___ ” 2,832 5,028 6,354 

(e ote e f ¼⁵¼⁵ f 8 1,376,609 1,193,662 1,011,928 
E e EES 398 951, 280 61 
Switzerland... ..... 8 88,816 24,116 38,669 
Trinidad and Tobago 1:082... 3 Sones 252 
United Kingdom. ............. 2 LLL LLL LLL LLL sss s22c2- b: 111 8 8.141 
e ß , CS HESS 37,015 54, 075 43,306 
Yugoslavia_ l... oo ein id air c E 558 , 394 596,095 582 , 094 

e . . Nas eee a acon 66,411 92,630 11,195 

TOU. xi ou eur EEN 50,181,361 49,302,390 49,510,381 


1 Amounts stated do not include fuel or bunker coal loaded on vessels engaged in foreign trade, which aggre- 
gated 242,833 tons in 1965, 214,515 tons in 1966, and 145,497 tons in 1967. 


Table 14.—Bituminous coal exported from the United States, by customs districts 
(Short tons) 


Customs district 1965 1966 1967 

Baltimore, Md 2,791,262 2,389,902 1,943,826 
Boston, Mass Ih hee ze guna 
Bulalo,N.Y nonam aevo ³ði r 1,755,870 1,005,646 557,571 
CCJJJJ]]½]]½]½W/ E ccce er LA I EAT , 672 73,549 62,488 
Cleveland, Ohio „„ 13, 106, 688 13, 884, 336 14, 043, 606 
Detroit: MPH ⁵ ³ðÄÄ lis eee masus sa 117,380 122,158 65,905 
Duluth; Minn. ] «283A % ⁰ MU k y eeu ncm 7,128 3,710 3,360 
II . 6˙1 ee ae y bbe Sa S 49,079 49,024 46,586 
Galveston, NEE EEN IT CL WË 
Great Falls, Montt ß, . ee 
Antes ⁵ 52 260 
eich, ⁰ c D. ccc 10, 168 3,392 14,927 
Los Angeles, Call. . e looted 30 10, 027 265 
Nell. 8 321 30 355 
Nille ²³ðV—³-. ͥ¶⁰ r Se see 4, 867 6,771 6,312 
New York EECH 6,355 16, 606 
/ ³o˙—˙.ꝗͥ½qq¼⁵ ) ß br 
NORHOlk, VÀ... nsu i sumere eo io ĩðù 88 81,933,465 31,473,385 32,607,361 
Ogdensburg, NY 251,244 67,565 129,125 
Pembina; Nea Kees oo caua v dccua du aie cmm aud ; 430 520 
Philadelphia, r eo ce ð 32,229 51,772 263 
Portland, Maie. a i ho he eee oie 7 25918: x: é 
Providence, B.E... ⁵ ↄi / ⁰ð ⁰ky y ces % acs Sos 
lh aou uade cte bee 18,498 85,223 24,680 
San Diego, Calif... o solo S S eee Se es 101 119 
San Francisco, Calif._._........_.-._..------------------ 96 ener 2,554 
Seattle, . ⅛ ß ee deele 400 1:910. ee 
III ĩÄ˙i1⅛½i½n¼l!!l.!.!!..... veer ß iEe ERa 40 

1771 EE 50, 181, 361 49,802, 890 49,510,381 


r Revised. 
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Table 15.—Shipments of bituminous coal to 
possessions and other areas administered 
by the United States , 


(Short tons) 

Territory 1965 1966 1967 
American Samoa. 119 ....... 
Puerto Rico 1,044 552 1,052 
Virgin Islands........... 64 40 ....... 


Table 16.—Bituminous coal! imported for consumption in the United States, by 


countries and customs districts 


(Short tons) 
Country and customs district 1965 1966 - 1967 
Vie 
Canada—ͤpm] t 184,328 177,672 175,070 
beer Ge We EE i 
c a S: B See 2 PES MAC 
J%w !!!.: vB rr y ĩð é ĩðͤ d 8 540 
United Kingdo n 9 öõö 8 
%¹ũàà K EE 184, 399 177, 672 227, 838 
Customs distriet 
, ß e . . nee ee 51, 548 
B Fa, E, ³ÜW.r kd (xy 2, 195 3,089 
PFF ³oðW³WWA. m cence EE 1, 000 427 87 
MUNN oie ue ß waeus RM EN s qud E 868 1,084 1,265 
REL PRAO, TOY... 2 ⁵ðx eee yy Cu MOD T. 74 
hh /n ³¹ qq Uuec ³ AA A SOS 
Great Falls, Montt 14, 907 13,219 19,983 
Honolulu, Hawai Ek ee, ĩðͤ s 
Juneau, Alaska D. ones uec. Su Ds ES S Sas 
Los Angeles, Calif....... 2: LLL LLL . . .. .. ........- Bae ett “ete nee 
New York ũ .... 8 J). eebe 
Pembina, N. Dak 2 2222 2L c lc c LLL LLL sls scr 1,255 1,368 2,837 
Portland; Mans.... Ul Duos Ge 166,747 152,879 147,965 
Seattle, Wass 4;öÜ— ... 8 
tt!!! pp p ae tN eS n 184, 899 177, 672 227, 888 


1 Includes slack, culm, and lignite. 
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Table 17.— World production of bituminous coal, anthracite, and lignite, by countries ! ? 
(Thousand short tons) 


Country 1963 1964 1965 1966 1967 P 
North America: 
Canada: 
1 ERAEN tae ese 8,702 9,325 9,525 9,818 9,387 
Eeer 1,874 1,994 : 2,078 ,008 
Greenland: Bituminous................ 44 26 22 87 85 
Mexico: Bituminous. ................- 2,283 : 2,357 2,211 2,316 2,380 
United States: 
Anthracite (Pennsylvania)......... 18,267 17,184 14,866 12,941 12,256 
Bituminous.....................- 456,228 484,048 509,045 530,000 546,590 
Lignitg:--.-. 222222505055 oL 2,705 2,950 3,048 ; 4,410 
South America: ! 
Argentina: Bituminous (mined). ....... 276 467 596 666 e 440 
Brazil: Bituminous (including lignite) - ` ` 2,834 8,578 8,729 4,041 4,782 
Chile: Bituminous (roined) 1,895 1,972 1,904 11, 821 1. 649 
Colombia: Bituminous... s 3,527 3,807 3,417 r 3,307 e 3,420 
Peru: Bituminous and anthracite. ...... 144 r 162 r 142 r 171 193 
Venezuela: Bituminous...... 46 42 34 87 87 
Europe: 
Albania: Läenite ...............-- 278 322 e 830 e 840 e 880 
Austria: 
a er a EECH 7 AESI 115 114 65 22 15 
Tt é 6, 672 6, 350 6, 008 5, 824 5, 075 
ier ee Bituminous and anthracite — r 23, 607 28,485 21,810 19,289 18,116 
garia: 
fier tia and anthracite. ....... 725 671 608 540 e 515 
IE! ·˙ꝛ⅛bn.·˙ꝛ¹ ũ aoe 22, 349 26, 181 26, 996 27,148 e 31,750 
Czechoslovakia: 
Pituminous ------------------ 31,191 31,211 30, 568 r 29,463 e 28,440 
ipnila 2 te cus 80,803 83, 840 80,707 r 81,690 71,650 
PDA Lignite.. .................- 2,769 2,420 2,346 r 2,185 e 2,090 
ance: 
Bituminous and anthracite 52,649 58,469 56,601 55,488 52,498 
AA eee ͤk kn ee os 2,724 2,474 2,965 2,826 3,230 
Germany: 
Bituminous and anthracite: 
ageet 2,787 2,579 2,438 r 2,190 e 1,980 
T m Pa ee eee ee 156, 656 156, 750 148,897 * 138,858 123, 506 
gnite: 
LN nt 280,228 283,212 Á *7276,499 274,515 275, 580 
(p Lu E NEM EMEN 117,572 122,294 112,338 * 108,128 106, 666 
Pech coal: West... 2,029 ; 1,913 1,280 981 
Greece: Denite U... 2... ...- r 8,887 4, 254 r 5, 600 e 5, 500 e 5, 500 
ungary: 
Bituminou s 4, 090 4, 547 4, 808 4, 806 4, 468 
ETA d EG 29, 508 30, 229 29, 845 28, 647 25, 327 
. Bituminous and anthracite. ... 257 255 204 193 201 
Ye 
SE and anthracite. ....... r 645 519 r 429 461 452 
erfand; EE r1,505 1,326 11,114 1. 175 2, 426 
PM nds: Bituminous and anthracite. 12,686 12, 655 12,617 11,080 8,890 
iaia P11 Z: m Ot was 124,726 129,360 180,989 134,459 136, 576 
TEEN 16,914 22,355 24,941 27,015 e 26,350 
Portugal: 
Anthracite... 22 ---_- Llc. 459 489 472 s 472 488 
LAghiló.. e 157 111 99 56 43 
Rumania: 
Bituminous and anthracite ?_______ 6,284 6,495 6,654 r 6,956 7,275 
T Dignite u s. 8 5,084 5,766 6,679 7,872 8,422 
pain: 
Ei nous and antbhraceite 14,229 13,444 r 14, 267 14,106 13,608 
Oe ee n sss 85 2, 870 r 8,057 2,901 961 
Svalbard 10 Spitzbergen): Bituminous: 
Controlled by Norway 421 487 470 r 478 450 
Controlled by U.S.S. R. (shipments). 408 r 422 e * 440 e 440 e 440 
Ui Bituminous. s 109 93 65 r 44 e 22 
SC EN and anthracite r 435, 555 250, 701 471,658 1 484, 095 490, 000 
Lignite___ ˙·¹r¹iꝛĩAꝛĩꝛ ee eue 150, 565 159, 975 165,181 1 161,418 e166, 000 
United Kingdom: Bituminous and 
Anthraeit' ee ironia 219, 291 216, 863 209,999 r 195, 522 192, 824 
Yugoslavia: 
Bituminous. ....................- 1,418 1,391 1,289 1,268 992 
AR , os gee bro ias 28,810 31,139 81,733 31,040 28,178 
rica: 
Algeria: Bituminous and anthracite. . ... 42 51 50 e 55 e 55 
Congo (Kinshasa): Bituminous 101 110 126 121 147 
Malagasy Republic: Bituminous... 2 4 „ 2 


See footnotes at end of table. 
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Table 17.—World production of bituminous coal, anthracite, and lignite, by countries ! 2 
— Continued 


(Thousand short tons) 


Country 1963 1964 1965 1966 1967 p 
Africa—Continued 

Morocco: Anthracite. __........-...--- 445 441 462 497 531 
Mozambique: Bituminous. ............ 812 270 262 r 325 811 
Nigeria: Bituminous. ................- 636 771 816 705 e 220 
Rhodesia, Southern: Bituminous........ 3,020 3,355 3, 868 e 3,850 8,019 
South Africa, Republic of: Bituminous 

and anthracite (marketable)......... r 46,797 49,513 53,418 52,847 54,844 
Swaziland: Anthracite and bituminous..  ......... 83 74 86 


Tanzania: Bituminoug s. 2 1 2 2 2 


United Arab Republic: Bituminous..... ......... ......... 22 e 22 NA 
"t Zambia: Bituminous. .... 2... 22.2.22. --------- „ 126 433 
a: 
Afghanistan: Bituminous 3... 108 125 r 146 155 e 160 
Burma: Bituminoug s. 8 11 11 er 17 e 17 
China, mainland: Bituminous, 
i EE and lignite e 300, 000 320, 000 330, 000 360, 000 250, 000 
ndia: 
Bituminous.___.... ---------- 72, 704 68, 828 76,611 17, 753 77, 714 
Lign ite 1,101 1,730 2,535 2,831 8,198 
Indonesia: Bituminous. . .............. r 651 492 430 853 229 
jan: Bituminous *....... 222 llc... 213 302 303 e 330 e 330 
apan: 
Bituminous and anthra cite 57,377 56,140 54,602 56,601 51,859 
Il; eee bee 1,008 762 632 498 403 
Korea: 
North: Anthracite, bituminous, and 
(rh 15,476 15,983 er 19, 620 e 21, 500 e 23, 590 
South: Anthracite__. 9, 765 10, 606 11,296 12,801 13,708 
Mongolia: Lignite and bituminous. ..... 931 780 1,091 r1,107 e1,170 
Pakistan: Bituminous and lignite r 1,348 1,338 r1,621 r 1,497 e 1,500 
Philippines: Bituminous. .............. 17 127 105 r 83 72 
Taiwan: Bituminous. ...............-.- 5,302 5,542 5,571 5,528 5,598 
Thailand: Lign ite. 151 115 138 188 869 
Turkey (salable): 
Bituminounu s r 4, 570 t 4,903 r 4,851 r 5, 394 5, 546 
Ligni te r 3, 568 r 4,267 r 4,592 r 5,262 e 5,200 
Viet-Nam: 
North: Anthrac ite r 3,689 r 8,748 e 8,900 e 3,900 e 3,100 
South: Anthra cite 115 05 Q So ß mee 
Oceania: 
Australia 
Bituminous._._.. .. . . 27,839 80,689 85,204 r 37,334 38, 875 
If; AAA S.S. 20, 672 21,319 r 23,137 24,400 26,193 
New Zealand: 
Bituminous and anthracite 2,890 3,047 2,801 2,721 2,467 
LÉIT de EE 181 175 176 185 186 
Total lign ite r 783,941 819,930 812,750 * 807,593 803, 590 
Total bituminous and anthracite 
(by subtraction ))) )) r 2, 138,989 72,210,794 * 2,269,976 72,811,359 2, 198, 991 
Total, all grades r 2, 922, 930 73,030,724 r 3,082,726 7 8,118,952 3, 002, 581 
e Estimate. P Preliminary. r Revised. NA Not available. 
1 Ecuador produces a negligible amount of coal. 
2 Compiled mostly from data available June 1968. 


3 Includes a preponderant share of low-grade bituminous. 

Output from U.S.S.R. in Asia (including Sakhalin) included with U.S.S.R. in Europe. 
5 Year ended March 20 of year following that stated. 

s Totals are of listed figures only; no undisclosed data included. 


Coal—Pennsylvania Anthracite 


By Staff, Division of Environmental Activities 


All of the reported production of an- 
thracite in the United States originates in 
13 counties located in northeast Pennsyl- 
vania. In 1967 this production, derived 
from underground mines, strip pits, culm 
and silt banks, and river dredges, totaled 
12.3 million short tons, a decrease of 5.3 
percent from the 1966 level. 

The lower output in the United States 


in 1967 compared with that of 1966 par- 
allels a similar trend in world anthracite 
production which registered a 9-million- 
ton decline during the same period. 


Legislation and Government Programs. 
—Federal cooperation with the Common- 
wealth of Pennsylvania on the control of 
mine water continued in 1967 under the 


Table 1.—Salient statistics of the Pennsylvania anthracite industry 


1963 1964 1965 1966 1967 
Production: 
Preparation plants short tons 17,415,365 16, 335, 700 14,023,269 12, 139, 106 11, 481, 582 
Dredees 022.2. 691,370 704, 748 699,857 661,017 631,660 
Used at collieries for power and heat 
short tons 160,649 143,803 142,829 141,141 142,821 
Total production......... do.... 18,267,384 17,184,251 14,865,955 12,941,264 12,256,063 
Value.. ------------ thousands $153, 503 $148,648 $122,021 $100, 663 $96,160 
Average sales realization per short ton on 
preparation plant shipments (excludes 
dredge coal): 
Pea and larger $11.65 $12.38 $11.70 $11.11 $11.53 
. Buckwheat No. 1 and smaller $6.43 $6.56 $6.48 $6.40 $6.35 
AU 61208... em tuuc osse duds $8.64 $8.93 $8.51 $8.08 $8.15 
Percentage of total preparation plant 
shipments (excludes dredge coal): 
ea and larger 42.4 40.8 39.0 35.6 84.8 
Buckwheat No. 1 and smaller...... 57.6 59.2 61.0 64.4 65.2 
Exports 1____ -------- short tons 3, 357,840 1,575,097 850, 630 766, 025 594,797 
Imper ti ecole eus 8 2 4, NA NA NA NA 
Consumption (apparent) . do.... 14,100,000 14,400,000 12,900,000 11,400,000 10, 800, 000 
Average number of days worked 21 214 204 203 219 
Average number of men working daily. . 13,498 Es 144 11,132 9,292 7,750 
Output per man per day... .short tons 6.27 6.11 6.55 6.87 7.21 
Output per man per year do.... 1,354 1, 308 1,336 1,395 1,579 
Quantity cut by machines do 240, 427 417, 080 329, 328 246, 658 146, 908 
Quantity mined by strippin „ 7,467,842 7, 177, 188 5, 938, 982 5, 253,408 4, 740, 187 
Quantity loaded by machines under- 
ground. ...............- short tons. 8,665,962 3,455,034 3, 246,034 2,590,547 1,997,806 
Distribution: 
Receipts in New England 4_ Se 2 422,012 331,780 241,638 $149,010 .......... 
Exports to Canada 1......... " 794,585 636,867 642, 657 624,280 448 , 744 
Loaded into vessels at Lake Erie . 
short tons 191,609 216,590 224,460 208,432 206,975 
Receipts at Duluth-Superior ? 
short tons 32,615 47,649 hh ³· A 88 


NA Not available. 

1 U. S. Department of Commerce, 1963-67 export data does not include shipments to U. S. military forces. 
See NOTE, tables 2 and 34. 

2 : Import data discontinued with August 1963. 

inning with 1961 exports to the U.S. military forces in West Germany were taken into consideration. 

See N TE on Mino export tables. 
4 Commonwealth of Massachusetts, Divi:ion on the Necessaries of Life 
5 Data discontinued with Se tember 1966. 
6 Ore and Coal Exchange, Cleveland, Ohio. 
7 Lake Superior area office, Corps of 'Engineers, U.S. Army, Duluth, Minn. 
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Act of July 15, 1955 (Public Law 162), 
as did cooperative activities related to 
surface subsidence resulting from under- 
ground mining operations. 

Under the Appalachian Program, Fed- 
eral agencies continued to participate in 
mine-void filling, mine fire control, and 
land reclamation projects in the anthra- 
cite region, as approved by the Appa- 
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lachian Regional Commission. 

The Federal Government policy of sup- 
plying Pennsylvania anthracite as a por- 
tion of the solid mineral fuel needs of the 
U.S. Armed Forces, West Germany, was 
continued in 1967. Shipments to West 
Germany and the Netherlands totaled 
826,968 tons, an increase of slightly more 
than 8 percent over 1966 shipments. 


DOMESTIC PRODUCTION 


Production of Pennsylvania anthracite 
totaling 12.3 million short tons in 1967 
was approximately 0.7 million tons, or 5.3 
percent below the 1966 output. 

A slight increase in output from the 
Lehigh region was not sufficient to offset 
the losses in production incurred in the 
Schuylkill and Wyoming regions. Simi- 
larly, the increased recovery of coal from 
culm banks did not counterbalance the 
lower output of the underground mines, 
strip pits, and river dredges. 

Over the past several years (1962-67) 
the combined secondary recovery of fuel 
from culm banks and the dredging of silt 
from rivers has remained at a fairly con- 


stant level, fluctuating between 3.4 and 
4.3 million tons annually. The contribu- 
tion to total availability, represented by 
these sources, has increased from 20 to 35 
percent. 

A significant portion of the fuel ob- 


tained from culm banks and by dredging is 
used for the generation of electric power. 
Although the demands for electricity are 
expected to increase, the sources of sec- 
ondary recoveries of anthracite fuel are 
diminishing. It is improbable that the 
increased need for electric power will re- 
sult in expanded output of culm bank and 
dredge anthracite. 


VALUES AND PRICES 


The average value of all Pennsylvania 
anthracite, including colliery fuel and 
dredge coal, was $7.85 per short ton, 1 
percent above the 1966 realization. Based 
on total production, the value of the year’s 
output was $96.2 million. 

Retail prices quoted for Pennsylvania 
anthracite during 1967, as reported in 
trade journals, fluctuated over the year, 


but were generally in line with 1966 quo- 
tations until the end of the period. Year- 
end quotations in 1967 were appreciably 
higher, however, than those of 1966. This 
may have been due primarily to the ex- 
tended period of cold weather that en- 
veloped the domestic market area during 
the final weeks of the year. 


CONSUMPTION AND USES 


The apparent domestic consumption of 
anthracite (production, minus shipments 
to U.S. Armed Forces, West Germany, 
and to export) during 1967 fell approxi- 
mately 0.6 million tons below that of 
1966. This deviation from the previous 
year’s consumption pattern is represented 
almost entirely by the decline in the sales 
of anthracite for residential and commer- 
cial heating purposes. 

During the winter of 1967-68, a pro- 
tracted period of abnormally cold weather 
created an unusually heavy demand for 
certain anthracite sizes. Because of the 


inherent rigidity of production schedules, 
which require considerable time to ap- 
preciably alter, plus difficulty of transport, 
the industry was unable to meet all de- 
mands for specific sizes of prepared coal. 
Over the past years, retail merchants, 
who are the final link in the chain of sup- 
ply from the preparation plant to the ulti- 
mate space heating domestic consumer, 
have shown an increasing reluctance to 
procure sufficient stocks of prepared coal 
during the “off? season to guard against 
emergencies due to abnormal weather. 
The combination of an unusually cold 
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winter, the inflexibility of production 
schedules at the mines, and insufficient 
stocks in the hands of anthracite mer- 


FOREIGN 


Increased shipments to the European 
Coal and Steel Community countries and 
to markets in Asia and Oceania were off- 
set by smaller export tonnages to Canada 
and other destinations. The net result 
was a decrease in exports of anthracite in 
1967 of 594,797 short tons, 22.4 percent 
below the 1966 level. This performance 
marks a continuation of a 5-year down- 
trend in the export demand for Pennsyl- 
vania anthracite. 
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chants may account for the major portion 
of the decrease in domestic consumption 


in 1967. 


TRADE 


Although anthracite from the Pennsyl- 
vania region is shipped to the Nether- 
lands and West Germany for ultimate 
delivery to, and use by, the U.S. Armed 
Forces, West Germany, this offshore move- 
ment is not, technically, an export, and 
is not included in the export total. In 
1967 shipments against the military re- 
quirements totaled 826,968 short tons, an 
increase of 61,994 tons over the 1966 
level. 


WORLD REVIEW 


Precise data are not available from all 
anthracite producing countries. Some 
country figures are only estimates while 
certain other producers include in their 
official data some fuels which, by U.S. 
standards, are of no higher quality than 
semianthracite. Despite these  discrep- 
ancies, information pertaining to the 1967 
output, when compared with data from 
similar sources for previous years, is suffi- 
ciently accurate to indicate general trends. 
Based on such information, and in full 


recognition of the margin of error that 
could exist, it is indicated that total 
world production of anthracite in 1967 
(some 205.9 million tons) was 4.1 percent 
below the 1966 output. 

Anthracite production generally reflects 
the demand. The ready availability of 
alternative and more convenient fuels at 
competitive prices is considered to be the 
principle reason for the lessening demand 
for anthracite in world fuel markets. 


TECHNOLOGY 


While mo significant advances were 
made in anthracite underground mining 
techniques, surface-mining (stripping) 
methods were improved. An 85, cubic- 
yard-dragline, largest in the anthracite 
region, began operations in the Eastern 
Middle field. The 300-foot boom has a 
depth capacity of 220 feet. The new 
machine is working in conjunction with 
a previously installed 65-cubic-yard-drag- 
line to recover anthracite from pillars in 
two beds totaling up to 40 feet thick, in 
an area that has an estimated 10-year 
stripping life. 

Investigations are in progress on a 
high-pressure gasifier utilizing a fixed-bed 
grate type producer at 100 pounds per 
square inch and standard anthracite fuel 
to determine equipment operating char- 
acteristics. The work is designed to pro- 
duce new information on operations at 
higher pressures than presently available. 
Also under investigation in the use of No. 


5 Buckwheat size anthracite in a fluidized- 
bed burner to develop a universal type 
combustor for power generation. The ob- 
jectives are lower combustion tempera- 
tures, higher heat transfer rates, and 
reduced air pollution. 

The Bureau of Mines conducted pres- 
sure-drop studies in a  4-foot-diameter 
simulated blast furnace shaft to compare 
anthracite metallurgical briquets with 
coke and formcoke.! 

Laboratory tests were conducted to de- 
termine the feasibility of separating an- 
thracite particles from a water-anthracite 
slurry by atomizing the water and remov- 
ing the resultant mist in an air current. 


1 Baker, A. F., W. S. Sanner, R. F. Tenney, 
and J. W. Eckerd. Experimental Study of 


Pressure Drop Across Fixed Beds of Anthra- 


cite Briquets and Blast Furnace Materials. Bu- 
Mines Rept. of Inv. 6945, 1967, 28 pp. 

2 Brady, G. A., Harold H. Griffiths, and J. 
W. Eckerd. Dewatering Anthracite Slurry. Bu- 
Mines Rept. of Inv. 7012, 1967, 18 pp. 
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Tests were made on seven anthracite 
samples from the Ross Bottom bed to 
determine cleaning characteristics, proxi- 
mate and ultimate analyses, specific grav- 
ity, grindability, content, and ash fusion 
point.? 

Tests were conducted on hollow-core 
anthracite briquets as a blast furnace fuel 
in which metal production rates of 42 to 
45 tons per day were obtained in an ex- 
perimental blast furnace.* 

Experiments in filing mine voids with 
pneumatical injected fly ash for con- 
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trolling mine fires were conducted at the 
Bureau of Mines Experimental Coal 
Mine, Bruceton, Pa. Impressive results 
were obtained, and the technique is now 
being utilized successfully in mine fire 
control project work. 


3 Brady, G. A., and H. H. Griffiths. Properties 
of Anthracite From the Bottom Ross Bed. 
BuMines Rept. of Inv. 7086, 1968, 29 pp. 

4 Eckerd, . W. R. E. McKeever, P. L. 
Woolf, and W. S. Sanner. Hollow-Core Anthra- 
cite Briquets as Blast Furnace Fuel BuMines 
Rept. of Inv. 7157, 1968, 13 pp. 
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Table 3.—Trends in the Pennsylvania anthracite industry 


Produc- Apparent 
tion Value of Average Exports! Imports! consump- Average 
Year (thousand production value per (thousand (thousand tion number 
short (thousands) short ton short short (thousand of em- 
tons) tons) tons) short ployees 
tons) 
1 e 18,267 $153,503 $8.40 8,357 15 14,100 13,498 
1064... m 17,184 148, 648 8.65 1,575 NA 14,400 13,144 
19885... 2 8 14,866 122,021 8.21 851 NA 12,900 11,132 
% e 12,941 100, 663 7.78 766 NA 11,400 9,292 
LL noc umo suysu 12,256 96,160 7.85 595 NA 10,800 7.750 
Quantity Quantity uantity 
Average Average Average cut by produced by oaded 
Year ` number tons tons machines stripping mechanically 
of days per man per man (thousand (thousand underground 
worked per day per year short short. tons) (thousand 
tons) short tons) 
1833s. 88 216 6.27 1,354 240 7,468 8,666 
/., rose 214 6.11 1,308 417 7,177 8,455 
1965... AA 8 204 6. 55 1,336 329 5,989 8,246 
1966 uuu ie tat 208 6.87 1,895 247 5,258 2,591 
1961. i Be eet 219 y 1,579 147 4,740 1,998 


NA Not available. 

MSS Department of Commerce. Export data does not include shipments to U.S. military forces. See NOTE, 
tables 2 an p 

2 por pened January-August. Beginning with September, anthracite import data are included with bitumin- 
ous coal. 
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Table 4.—Commercial production of Pennsylvania 


From preparation plants 
Size Lehigh region Schuylkill region 
Rail Truck Total Rail Truck Total 


Quantity, thousand short tons: 


Fr; nsnm ee. m cee è / See. edd 
^ MR eee eet el 8 137 5 141 67 1 68 
EO EE 8 270 64 334 224 288 512 
Cheinutrtr;r”r oe ees ee ee A Deet 179 191 370 157 429 586 
Poa en EE Be ( awe 84 190 274 116 322 438 
Total pea and larger 670 449 1,119 564 1,041 1, 605 
Buckwheat No. 1111. 135 187 322 217 387 — 603 
Buckwheat No. 2 (ricſ )))) 49 222 271 105 396 501 
Buckwheat No. 3 (barleyy yy 137 139 277 141 468 609 
Buckwheat No. 4A4Aʒ¶˖ LLL Lll c 22222222 132 50 182 153 211 364 
Buckwheat No. 5555 ..l 471 14 485 516 182 699 
e e . ae at 60 336 395 609 480 1,090 
Total buckwheat No. 1 and smaller 984 949 1,932 1,742 2,124 3,865 
Grand total... 1,654 1,397 3,051 2,306 3,165 5,470 
Value, thousands: m mE 
Lump't*and hh ⅛ð SEA, Guten deua EE usss ts 
Bg: c PA s E yy 8 $1,739 $53 $1,792 $838 $14 $851 
S ³⁰·¹ AA ĩÄ—AAA ð i S Cu u d 3, 390 789 4,179 2,682 3,359 6, 041 
Ghee ⅛ K»8⁵õꝛu; 8 2,225 2,383 4,607 1,827 4,931 6,758 
|n OMNES" 773 1, 806 2, 579 1,023 2,987 4,010 
Total pea and larger ---- 8,127 5,081 13,157 6,370 11,290 17,660 
Buckwheat No. 11. 1,206 1,695 2,901 1,989 3,455 5,444 
Buckwheat No. 2 (rice) 2c c cc cLll.- 427 2,178 2,605 891 3,452 4,343 
Buckwheat No. 3 (barley). )) 1,064 1,086 2,150 1,049 3,474 4,523 
Buckwheat No. 4. 718 280 997 885 1,116 2,001 
Buckwheat No. 5_.____..__..-______--.------ 2,578 74 2,652 2,547 739 3,286 
Jö eet 190 1,045 1,285 2,537 1,769 4,306 
Total buckwheat No. 1 and smaller.......... 6,184 6,358 12,541 9,899 14,005 23,903 
Grand total_....._......_..-_...---------- 14,310 11,388 25,698 16,269 25,295 41,564 
Average value per ton: i 
ump- and h/ gedet 268608 d e gees LEE 
POO cae ete oe oo ato Soe eS S t S $12.69 $12.26 $12.68 $12.50 $12.30 $12.49 
STOVE oense ei ³¹¹¹i yd ⁊ K 12.54 12.41 12.51 11.98 11.65 11.80 
hh 8 12.41 12.50 12.46 11.63 11.49 11. 53 
Pel. lllo a ee ne Se 9.24 9.50 9.42 8.83 9.27 9.15 
Total pea and larger 12.12 11.21 11.76 11.30 10.85 11.00 
Buckwheat No. 1111. 8.94 9.06 9.01 9.17 8.94 9.02 
Buckwheat No. 2 (rice). .. 222. c. cc. L.- 8.78 9.80 9.62 8.48 8.72 8.67 
Buckwheat No. 3 (barley) ...................- 7.75 7.80 7.78 7.44 7.43 7.43 
Buckwheat No. 4. 5.44 5.57 5.48 5.78 5.29 5.50 
Buckwheat No. 5. 5.47 5.23 5.46 4.93 4.05 4.70 
fr - E A E 3.20 3.11 3.13 4.16 3.68 3.95 
Total buckwheat No. 1 and smaller 6.29 6.70 6.49 5.68 6.59 6.18 
Grand total... | 8.65 8.15 8.42 7.06 7.99 7.60 


! Includes Sullivan County. 

? Quantity of lump included is insignificant. 

3 Less than Le unit. 

Includes various mixtures of buckwheat Nos. 2 to 5 and coal of relatively low dollar value. 
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anthracite in 1967, by regions and sizes 


From preparation plants 
Wyoming region 1 Total preparation plants From river dredging Total 
Rail Truck Total Rail Truck Total Rail Truck Total Rail Truck Total 


~------ (2) . J). ĩð V seses. AY (5 
86 3 89 290 8 298: 5-122 W 290 8 298 
238 117 354 732 469. ö ( cedens 732 469 1,201 


66 13 78 351 274 624 ...... 25 2 351 299 649 

66 111 177 1,053 308 1,361 ...... 11 11 1,053 319 1,372 

18 432 450 7 1,248 1,935 574 22 596 1,261 1,269 2,531 

453 1,237 1,690 3,179 4,309 7,487 574 57 632 $8,753 4,866 8,119 
974 1,986 2,960 4,934 6,548 11,482 574 57 632 5,508 6,605 12,113 
Se $1 1 81 /// scele (8 $1 $1 
$1,098 36 1.134 $3,674 %%% Anecd unies $3,674 103 3,777 
3,010 1.477 4,487 9,082 5,624 14,706 ...... ...... ------ 9,082 5,624 14,706 
1,907 3,866 5,774 5,960 11,180 17,189 ...... ...... ..-.-- 5,960 11,180 17,139 


467 3,374 3,841 2,264 8,167 10,430 ...... ...... .....- 2.964 8,167 10,430 
6,483 8,753 15,236 20,980 25,074 46,054 . .... ...... 


ES 20,980 25,074 46,054 
862 2,915 3,778 4,058 8,065 12,123 ...... ...... .....- 4,058 8,065 12,123 


442 1,972 1,468 3,440 ...... $120 $120 1,972 1,588 3,560 
355 450 806 5,480 1,263 143 cesses 38 8 5,480 1, 301 6,781 
57 1,044 1,101 2,785 3,859 6, 643 $2,034 65 2,099 4,819 3,924 8,743 


3,321 7,807 11,128 19,403 28,169 47,573 2,034 223 2,257 21,437 28,392 49,829 
9,804 16,560 26,364 40,383 53,244 93,626 2,034 223 2,257 42,417 53,466 95,883 


12.45 11.68 11.99 11.95 11.20 11.58 ...... ...... ...... 11.95 11.20 11.53 
9.54 9.62 9.60 9.18 9.20 9.19. ced cuexess resa 9.18 9.20 9.19 
9.42 9.62 9.59 8.77 9.25 910 cosets ᷣͤᷣ ( chos: 8.77 9.25 9.16 
7.43 7.45 7.44 7.53 7.50 //” Mti ee 7.53 7.50 7.51 
5.63 5.75 5.65 5.62 5.36 55 561. $4.78 $4.78 5.62 5.32 5.48 
5.41 4.04 4.55 5.20 4.10 4.95 sss. 3.62 3.62 5.20 4.09 4.94 
3.19 2.42 2.45 4.05 3.09 3.43 $3.54 3.01 3.52 3.82 3.09 3.45 
7.33 6.31 6.58 6.10 6.54 6.35 3.54 3.89 3.57 5.71 6.50 6.14 

10.07 8.34 8.91 8.19 8.13 8.15 3.54 3.89 3.57 7.70 8.09 7.92 


366 MINERALS YEARBOOK, 1967 


Table 5.—Sizes of Pennsylvania anthracite (excluding dredge coal) prepared at plants in 


1967, by regions 
(Percent) 
- Lehigh region Schuylkill region 
ize — —u-¼t — 
Shipped Shipped Shipped Shipped 

by rail by truck Total by rail by truck Total 

Lump ! and broken %%% AA iter! adno SS s 
!!Ü·Ü ¾ . Ait E EOE 8.3 0.3 4. 6 2.9 (2) 1.2 
StOVe o o ee eae ee eee eee 16.3 4.6 11.0 9.7 9.1 9.4 
Chestnut! 10. 8 18. 6 12.1 6. 8 13. 6 10.7 
)))%/%/%öÜöWõ»ͤ——kfww— 8 5.1 13. 6 9.0 5.1 10.2 8.0 
Total pea and larger. 40.5 32.1 86.7 24.5 82.9 29.3 
Buckwheat No. 111. 8.2 13.4 10.5 9.4 12.2 11.0 
Buckwheat No. 2 (rice) EE 2.9 15.9 8.9 4.6 12.5 9.2 
Buckwheat No. 3 (barley) ............-. 8.3 10.0 9.1 6.1 14.8 11.1 
Buckwheat No. 4.....................- 8.0 3.6 6.0 6.6 6.6 6.7 
Buckwheat No. 55 28.5 1.0 15.9 22.4 5.8 12.8 
Other Sie os ³ꝛ˙w¹ K v EA 3.6 24.0 12.9 26.4 15.2 19.9 
Total buckwheat No. 1andsmaller. 59.5 67.9 63.3 75.6 67.1 7.07 

Wyoming region 4 Total 

Lump land broken...................- RN (2 to ` "gg (2) (2) 
Egg. EE 8.8 0.1 8.0 5.9 0.1 2.6 
I p 24.4 5.9 12.0 14.8 7.2 10.5 
Ghetnuunt eu 15.9 15.8 15.8 10.0 14.3 12.4 
|: ee EE 4.4 15.9 12.1 4.9 12.6 9.3 
Total pea and larger 53.5 37.7 42.9 85.6 94.2 84.8 

=== — 

Buckwheat No. 11... 9.3 15.3 13.3 9.0 13.4 11.5 
Buckwheat No. 2 (rice) ................ 4.6 11.8 9.4 4.0 13.0 9.2 
Buckwheat No. 8 (barley).............. 17.8 7.8 10.6 9.1 11.5 10.4 
Buckwheat No. 4A 6.7 . 6 2. 6 7.1 4.2 5.4 
Buckwheat No. 555. 6.8 5.6 6.0 21.3 4.7 11.9 
AM : 8 1.8 21.7 15.2 13.9 19. 0 16.8 
Total buckwheat No. 1 and smaller. 46.5 62.3 57.1 64.4 65.8 65.2 


1 Quantity of lump included is insignificant. 

2 Less than 0.05 percent. 

3 Includes various mixtures of buckwheat Nos. 2 to 5 and coal of relatively low dollar value. 
4 Includes Sullivan County. 
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Table 6.—Sizes of Pennsylvania anthracite (excluding dredge coal) prepared at plants, by 


regions 
(Percent) 
Lehigh region Schuylkill region 
Size 1968 1964 1965 1966 1967 1968 1964 1965 1966 1967 
Lump ! and broken Beale SiGe. wees. en C) (3): 252 Guas. cues 
E See E DE 2.3 3.3 3.9 2.7 4.6 1.1 0.9 1.0 0.9 1.2 
d EE 9.7 11.8 11.8 11.1 11.0 11.9 11.3 10.3 9.3 9.4 
Chestnut EE 11.7 14.1 14.9 12.4 12.1 15.0 14.2 12.0 12.0 10.7 
G.L cee ĩðͤ K eases Ge 10.1 10.3 9.4 7.4 9.0 10.3 9.1 8.4 8.3 8.0 
Total pea and larger eee 88.8 39.5 40.0 33.6 36.7 38.3 35.5 31.7 30.5 29.3 
Buckwheat No. 1111111. 9.3 10.4 10.5 11.3 10.5 12.3 11.8 11.9 12.1 11.0 
Buckwheat No. 2 (rice) ............... 8.7 10.5 9.5 9.9 8.9 9.7 9.8 10.1 10.2 9.2 
Buckwheat. No. 3 (barley) )))) 9.8 11.0 10.2 9.1 9.1 11.2 11.7 18.5 13.3 11.1 
Buckwheat No. 44. 7.8 6.8 5.5 6.2 6.0 6.8 6.6 6.5 7.0 6.7 
Buckwheat No. 5555. 16.8 12.1 12.5 14.8 15.9 12.8 18.8 14.7 14.1 12.8 
GGG! ei eG Le 13.8 9.7 11.8 15.1 12.9 8.9 12.8 11,6 12.8 19.9 
Total buckwheat No. 1 and 
i ee cr ne ee 66.2 60.5 60.0 66.4 68.3 61.7 64.5 68.3 69.5 70.7 
Wyoming region + Total 
Lump i and broken (2) (2) (3) (2) (2) (3) (2) (2) (2) (3) 
Bee eon ..... 4.9 4.6 4.7 3.4 3.0 2.6 2.5 2.8 2.0 2.6 
EC 16.7 15.2 15.0 18.1 12.0 18.0 12.6 12.1 10.8 10.5 
Chestnut 18.5 17.3 16.6 17.2 15.8 15.4 15.2 14.1 13.5 12.4 
ORS Ge ote ee eta 13.9 12.9 12.9 12.6 12.1 11.4 10.5 10.0 9.8 9.38 
Total pea and larger............ 54.0 50.0 49.2 46.3 42.9 42.4 40.8 89.0 35.6 34.8 
Buckwheat No. 11. 15.1 13.9 13.8 15.0 13.3 12.6 11.9 12.2 12.7 11.5 
Buckwheat No. 2 (rice) 9.3 9.2 9.2 9.7 9.4 9.3 9.5 7 9.9 9.2 
Buckwheat No. 8 (barley) ) 10.9 10.3 10.7 10.8 10.6 10.8 11.1 11.9 11.6 10.4 
Buckwheat No. 4... 2.4 2.2 3.8 4.7 2.6 5.6 5.3 5.4 6.2 5.4 
Buckwheat No. 555 . . . . . . ....-.- 4.0 3.1 2.9 4.8 6.0 10.8 9.9 10.5 11.6 11.9 
dee 4.8 11.8 10.4 9.2 15.2 8.5 11.5 11.8 12.4 16.8 
Total buckwheat No. 1 and 
err. siue 46.0 50.0 50.8 58.7 57.1 57.6 59.2 61.0 64.4 65.2 
1 Quantity of lump included is insignificant. 
? Less than 0.05 percent. 
3 Includes various mixtures of buckwheat Nos. 2 to 5 and coal of relatively low dollar value. 
* Includes Sullivan County. 
Table 7.—Production of Pennsylvania anthracite in 1967, by regions 
(Thousand short tons and thousand dollars) 
Production 
Region Rail shipments Truck shipments Colliery fuel Total ! 
Quantity Value? Quantity Value? Quan- Value Quantity Value? 
tity 
Lehigh: 
reparation plants.... 1,654 314, 310 1,897 $11,388 8 374 3,059 325, 778 
Schuylkill: 7 
Preparation plants.. 2,306 16,269 8,165 25,295 6 54 5,477 41,618 
Dredges. ...........- f 574 2,034 57 228 eed, kee 682 2,257 
Total Schuylkill.... 2,880 18,303 38,222 25,518 6 54 6,108 43,875 
Wyoming: 


Preparation plants 3. 974 9, 804 1,986 16, 560 128 148 8,088 26,512 
Total: ! 

Preparation plants.... 4,984 40,383 6,548 53,244 143 277 11,624 93,903 

Dredges._.... .. . . 574 2,034 57 223 682 2,257 


Grand total 1. 5, 508 42,417 6, 605 53, 466 143 277 12, 256 96,160 


weaeawses A “s oer e ep 


1 Data may not add to totals shown because of independent rounding. 

2 Value given for shipments is that at which coal left possession of producing company; does not include selling 
expenses. 

3 Includes Sullivan County. 
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Table 8.— Pennsylvania anthracite produced, by fields 
(Thousand short tons) 


Field 1963 1964 1965 1966 1967 
Eastern Middle: Breakers and washer ies. 2,657 2,189 2,027 2,009 2,039 
Western Middle: 7 i 
Breakers and washer ies. 4,270 4,492 3,428 3,025 2,893 
Fegg; eee EE 36 84 36 26 27 
lh dete eyes se — 4,307 4,526 3,464 3,051 2,920 
Southern: 
| Breakers and washeries...................... 4,858 4,592 4,160 3,781 3,604 
PP cit ee ee lead 656 672 664 635 605 
Totali. x ꝛ KK. ee LL et 5,514 5,264 4,824 4,416 4,209 
Northern: Breakers and washerie s 5,790 5,206 4,551 3,465 3, 088 
Total: | 
Breakers and washeries.....................- 17,576 16,479 14,165 12,280 11,624 
Dredges. 2-522: m0. A eiue 692 705 700 662 632 
Grand totali... bees on Sesecies 18,267 17,184 14,866 12,941 12,256 


1 Data may not add to totals shown because of independent rounding. 
? Includes Sullivan County. 


Table 9.—Production of Pennsylvania anthracite in 1967, by counties 
(Thousand short tons and thousand dollars) 


8 Rail shipments Truck shipments Colliery fuel Total production 1 
ounty — Oo [ ——ͤ—ͤ—e—äöd 
Quantity Value? Quantity Value? Quan- Value Quantity Value 
tity 
Berks, Lancaster, and 
Snyder... 574 $2,034 40 SIL i22 ex 614 $2,175 
SEO o.oo zione 424 3,496 200 Jö; Boake 624 4,373 
Columbia. 276 2, 768 141 1.021 eie: 418 3,788 
Dauphin- --------------- 50 209 105 |. 459 155 668 
Lackawanna............- 208 1,899 245 1,662 (3) $3 453 3,564 
LebanólD....---ilacaccaex denan ³ðWAA d ⁵ðͤ 14 ĩð ⸗ é 3 
Luzerne 1,671 15,841 2,458 20,920 135 214 4,264 36,975 
Northumberland 3, 426 778 6, 047 (3 1,455 9,476 
Schuylkill............... 1,628 12,742 2,600 22,140 7 57 4,235 34,939 
SU VH: i.c . Sees. duse uchat 35 184 222 ³ðV 35 184 
Susquehanna............- (3) 2 (3) o Boose (3) 6 
Pl! ee 5,508 42,417 6,605 53,466 143 277 12,256 96,160 


1 Data may not add to totals shown because of independent rounding. 
3 Value given for shipments is that at which coal left possession of producing company; does not include 


selling expenses. 
3 Less than Le unit. 


Table 10.—Pennsylvania anthracite produced in 1967, classified as fresh-mined, culm-bank, 
and river coal, by fields 
(Thousand short tons) 


Fresh-mined coal 


Underground mines From 
Field — —— i. From river 
Mechan- Hand Strip pits culm dredg- Total 1 
ically loaded Total ! banks ing 
loaded 
Eastern Middle 15 10 25 1,259 TOD. nhac 2,039 
Western Middle 167 368 535 1,123 1,235 27 2,920 
Southern 376 881 1.257 1,492 855 605 4,209 
Northern 2_____._------------ 1,440 2252555 1,440 866 782. ee 3,088 
!! e 1,998 1,260 3,258 4,740 3,627 632 12,256 


1 Data may not add to totals shown because of independent rounding. 
? Includes Sullivan County. 


© 
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Table 11.—Pennsylvania anthracite produced in 1967, classified as fresh-mined, culm-bank, 
and river coal, by regions 


(Thousand short tons) 


Fresh-mined coal 


Underground mines From 
Region —  — — From river Total ! 
Mechan- Hand Strip pits culm dredg- 
ically loaded Total 1 banks ing 
loaded 
ih Se se Satta 15 33 48 1,878 1,134 __ 8 3,059 
Schuylkill ...............-..- 548 1,226 1,769 1,997 1,710 632 6,108 
Wyoming ) 1,440 ........ 1,440 866 782 xs 3,088 
Total 111212. _ 1,998 1,260 3,258 4,740 3,627 632 12,256 


1 Data may not add to totals Shown because of independent rounding. 
2 Includes Sullivan County. 


Table 12.—Production of Pennsylvania anthracite from strip pits 


Mined by Percent of Number of Average 


stripping  fresh-mined men number 

(thousand total employed of days 

short tons) | | worked 
1963- ode LED NULL E oe 1,468 52.7 8,025 224 
19064... SS Sua ³ d M e eR y i ME u Se 7,177 54.9 8,075 217 
11). 8 5, 939 52.9 2, 849 217 
ö EE 5, 253 56.2 2, 085 225 

1967: 

Lehigh region 1, 878 97. 5 674 257 
Schuylkill region 1,997 53.0 828 217 
Wyoming region l.l... .l.- 866 37.5 881 244 
Total? or average 4,740 59.3 1,883 237 


1 Includes Sullivan County. 
? Data may not add to totals shown 88 of independent rounding. 


Table 13.—Power shovels and draglines used in recovering coal from culm banks and 
stripping Pennsylvania anthracite, by type of power 


1965 1966 1967 

Type of power Num- Num- Num- Num- Num- Num- 

ber of ber of her of ber of ber of ber of 

ower drag- Total power drag- Total power drag- Total 

shovels lines shovels lines shovels lines 
Gasoline 29 6 35 20 1 21 4 6 10 
Electric. ............. 5 32 59 91 28 53 81 27 43 70 
Diesel ono ... dr 84 175 259 72 149 221 93 140 233 
Diesel-electric.. ................--- 4 1 5 3 2 5 1 1 2 
otal. see arma certos 149 241 390 123 205 328 125 190 315 


Table 14.—Production of Pennsylvania anthracite from culm banks, by regions 
(Thousand short tons) 


Year Lehigh Schuylkill Wyoming Total 1 
region region region 
JJJ/J•·öͤ%m LU ui Ui eu em ES 1,298 1,389 706 3,393 
1966 EE 936 1,580 897 3,413 
Ki EE 833 1,380 716 2,930 
177 JZ 8 971 1,390 578 2,938 


df!  —— 1,134 1,710 182 3,627 


1 Data may not add to totals shown because of independent rounding. 
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Table 15.—Pennsylvania anthracite produced by dredges in 1967, by rivers, including 
tributaries 


(Thousand short tons and thousand dollars) 


Value 
River Production 
Total Average 
Sehuyikill 2. e225. so oe oe oe eS eee tte 89 $116 $3.00 
G ³˙¹ S 598 2,140 8.61 
TOtal EE beaten 682 2,257 8.57 


1 Data may not add to totals shown because of independent rounding. 


Table 16.—Pennsylvania anthracite produced by dredges, by rivers, including tributaries 
(Thousand short tons and thousand dollars) 


| Schuylkill Susque- Average 
Year River hanna Total Total value value 

River (per ton) 
1968........... 535 „ 84 608 692 32,469 33.57 
1004... o oon a ⅛ y 98 607 705 2, 8.35 
KEEN 86 614 700 2, 837 3.84 
Är. (EE 57 606 662 2,287 8.46 
ff w- 8 39 593 682 2,257 8.57 


Table 17.—Estimated production of Pennsylvania anthracite, by weeks, in 1967 1 


Week ended— "Thousand Week ended— Thousand Week ended— Thousand 


short tons short tons short tons 

l 8 206 May 13333. 228 Sept. 16066. 267 

Ep E.M A m n 

a MOV ON 246 June 8............- 221 Get .. ..... 279 

Feb, 4............. 13 | 10 209; — — JA: undo zz 263 

C 208 J RP 8 239 21. ci 235 

18 lloc 217 X ... / ¿S 257 S E E 241 

EE 294 July 1...2... 179 Nov. 444 216 

Mar. 4............- 206 | |  8............. e 241 

3 225 15... ˙ 8 241 T 221 

ER ĩ sz ner 220 2722 a cus 248 EE 203 

EE 194 222 u ene 255 Dec. ˙ cece 279 

ADh 12:222 241 Aug. D: 266 CCC 241 

1 218 55 248 16... oss 256 

15 usi 246 C 266 2^ WEEN 217 

29 EE pom 292 = BB ei coc ce ke 231 dU. llt 200 
i auics 251 Sept. 2............. 285 

May 6. 245. ^" "9 cede 211 Total......... 12,256 


1 Estimated from weekly carloadings as reported by the Association of American Railroads and other factors; 
adjusted to annual production from Bureau of Mines ¢canvaas. 


Table 18.—Estimated monthly production of Pennsylvania anthracite ! 
(Thousand short tons) 


Month 1965 1966 1967 
r ² eru ³⁰ ces EE ss dL 1,215 1,108 1,101 
Fobia y ꝙ˙”“wꝗmn.. pa e yd eee seen eee 1,006 1,091 
Match... ⁰•-„A 0d mx 1. 256 1,083 979 
April: um . ß 1,127 1,058 952 
V HTTP ET Kk 8 1,264 1,103 1,102 
JUGE. uec les cerae dd eee cele ⁰⁰ytdß 1,565 9 
Julyssol socis a) seeds sed 8 1,209 745 899 
AUSPUS EE 1,244 1,191 1,132 
GEES den 1,313 1,145 1.071 
aj as ss . JJ ͤ EE 1,221 1,221 1,078 
November, u coche ee usan uma 1,208 1,145 1,017 
IR EE 1,238 1,103 
J7õöÜ;1ñ ¶ vm: ] mm., 8 14, 866 12,941 12,256 


1 Production is estimated from weekly carloadings, as reported by the Association of American Railroads, and 
includes mine fuel, coal sold locally, and dredge coal. 
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Table 19.—Pennsylvania anthracite loaded mechanically underground, by fields 
(Thousand short tons) 


Hand-loaded face Total n 
Scraper loaders ! Pit-car conveyors, all 
Field loaders types 2 


1966 1967 1966 1967 1966 1967 1966 1967 


Northern 916 700 23 32 1,041 709 1,979 1,440 
Eastern Middle 7 7 ( ` ser 18 8 25 15 
Western Middle... 19 19 zoll creer 151 155 170 167 
Southern- - -2-0-00 174 189 7 2 235 185 416 376 

Totals___ 1.116 908 30 34 1,444 1,056 2,591 1,998 


1 Includes mobile loaders. 

2 Shaker chutes, including those Sopa with duckbills. 

3 Data may not add to totals shown because of independent rounding. 
4 Less than 14 unit. 


Table 20.—Pennsylvania anthracite loaded mechanically underground 
(Thousand short tons) 


Scraper loaders Mobile loaders Conveyor ! and pit- Total ? loaded 
Y car loaders mechanically 
ear ——— MÀ —— —ͤ—e—— —V € HÀ 
Number Quan- Number Quan- Number uantity Number uantity 
of tity of tity of oaded of oaded 
units loaded units loaded units units 

1963 see tk 147 862 30 305 512 2,499 689 3, 666 
1964 ˙m h (D PA 139 750 81 493 495 „21 665 3, 455 
1965 E 155 907 25 393 403 1,946 583 3,246 
TEE 151 788 30 328 383 1,474 564 2,591 
EI LEE 119 707 21 201 228 1,090 868 1,998 


1 Includes duckbills and other self-loading conveyors. 
2 Data may not add to totals shown because of independent rounding. 


Table 21.—Trends in mechanical loading 1, hand loading, and stripping of Pennsylvania 
anthracite 


(Thousand short tons) 


Fresh-mined coal 


Underground Strip pits 

Year Percent Percent Percent 

Mechan- of total Hand of total of total 
ical under- loading under- Total? Quantity fresh- Total 2 

loading ground ground mined 
1968 JP 3, 666 54 3,049 45.4 6,715 7,468 14,183 
1964 foe Zz ß 3,455 58.7 2,434 41.3 5,889 7,177 54.9 13,066 
e EE 3,246 1.3 2,051 38.7 5,297 5,939 52.9 11,236 
ENNER 2,591 63.4 1,498 86.6 4,088 5,258 2 9, 842 
J96T1 uo 8 1,998 1,260 88.7 8,258 4,740 .8 7,998 


1 Mechanical loading includes coal handled on pute loaders and hand-loaded face conveyors. 
2 Data may not add to totals shown because of independent rounding. 
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Table 22.—Standard anthracite specifications approved and adopted by the Anthracite 
Committee, effective July 28, 1947 


Size Round test mesh (inches) Over- 
size, 
maxi- 
mum 
Broken { Through 4 Jats 
Over 314 to 88 -— 
! yu 2 na NER Through 31⁄ to 3. 
Over 254. occ ce ceeds "E 
EE Through 27 14 
Over 14 HEN 
Chestnut Through 1 --- 1% 
Over 1 Jeet 
POA oc Through 1 10 
Over 44 n meas 
Buckwheat No. 1......------ Through 2 0 
Over WA SA 
Buckwheat No. 2 (rice) ...... Through j 10 
ver h- 3 SS? 
Buckwheat No. 3 (barley) ---- Throug VVV 10 
T bl cr are mu m m m ee are m EE sana 
Buckwheat No. A .. Theouch bcne So Se eee 20 
RN! esee ehe et 
Buckwheat No. 5............ Through $6...........-.-- 0 


Percent 
Undersize Maximum impurities ! 
Maxi- Mini- Slate Bone Ash? 
mum mum 
3 E? 2 11 
5 Vie .....- Lc Nel 
Sas. uu 1% 2 11 
5 71⁄4 -.---. „ 
„„ 2 1 
15 Tg aaa- ERSTE PES 
1 3 1 
5 „ 55 
icu cues 4 2 
5 73 Led. apud 
JF EE 18 
5 73 55 
JJ MERE See 8 
17 71⁄4 ------ PME Ee 
wake, (cate "RE ass 15 
0 10 SO rue 
RCNH — a nde 15 
30 10 us. desire 
No limit ` Ge 16 


1 When slate content in sizes from broken to chestnut, inclusive, is less than above standards, bone content 
may be increased by 114 times the decrease in slate content under the allowable limits, but slate content 


specified above shall not be exceeded in any event. 


A tolerance of 1 percent is allowed on maximum percentage of undersize and maximum percentage of ash 


content. 


Maximum percentage of undersize is applicable only to anthracite as itis produced at preparation plant. Slate 


is defined as any material that has less than 40 percent fixed carbon. 
Bone is defined 
2 Ash determinations are on a dry basis. 


as any material that has 40 percent or more, but less than 76 percent, fixed carbon. 
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Table 23.—Average sales realization of Pennsylvania anthracite (excluding dredge coal) 
at preparation plants, by regions and sizes 


(Per short ton) 
s: Lehigh region Schuylkill region 
ize — . — — —-— — TT 
1963 1964 1965 1966 1967 1963 1964 1965 1966 1967 
Lump i and broken $12.62 $913.76 ..... ..... --..-. 
EU. 2er Eee $11.75 $13.04 $12.95 $12.46 $12.68 11.81 12.92 $12.65 $12.42 $12.49 
StUVO. c cuc acie nua a 12.28 13.41 12.62 12. 12.51 11.92 12.59 11.73 11.30 11.80 
Cheetnut --------- 12.89 13.44 12.50 11.95 12.46 11.86 12.52 11.68 11.04 11.53 
—I— ee eee 9.89 11.06 10.09 9.00 9.42 9.63 10.18 9.37 8.66 9.15 
Total pea andlarger.. 11.57 12.78 12.01 11.37 11.76 11.28 11.95 11.11 10.51 11.00 
Buckwheat No. 1........... 8.76 9.68 9.28 8.45 9.01 8.78 9.42 8.69 8.68 9.02 
Buckwheat No. 2 (rice) _ ` ` 9.25 10.00 9.66 9.32 9.62 8.68 8.99 8.53 8.28 8.67 
Buckwheat No. 3 (barley)... 6.74 7.21 7.57 7.53 7.78 6.67 6.87 7.12 7.19 7.43 
Buckwheat No. 4........... 4.97 5.33 5.57 5.59 5.48 4.70 4.98 5.26 5.32 5.50 
Buckwheat No. 5..........- 4.86 5.17 5.86 5.38 5.46 4.12 4.43 4.31 4.61 4.70 
AM -------- 3.00 3.16 2.98 2.99 3.13 3.25 3.37 3.44 3.57 3.95 
Total buekwheat No. 
| 1 and smaller 5.89 6.85 6.66 6.26 6.49 6.16 6.25 6.19 6.23 6.18 
Total all sizes 7.81 9.19 8.80 7.98 8.42 8.12 8.28 7.75 7.53 7.60 
Wyoming region 3 Total 
Lump i and broken $11.72 $12.42 $12.39 $12.50 $14.96 $12.10 $12.84 $12.39 $12.50 $14.96 
Egg -———————— 8 12.19 12.90 13.12 12.51 12.74 12.03 12.94 12.99 12.48 12.65 
EE 12.42 13.06 12.58 12.17 12.66 12.19 12.92 12.25 11.77 12.25 
Chestnut... 32  . secs cle 12.62 13.18 12.51 12.04 12.81 12.24 12.92 12.17 11.59 12.03 
PO08..-.-.. 52 10.83 11.42 10.62 10.34 10.73 10.15 10.82 10.02 9.35 9.75 
Total pea and larger 12.06 12.67 12.09 11.65 11.99 11.65 12.38 11.70 11.11 11.53 
Buckwheat No. 1........... 9.51 10.04 9.34 9.01 9.60 9.06 9.69 9.03 38.74 9.19 
Buckwheat No. 2 (rice) 9.41 9.73 9.42 9.18 9.59 9.00 9.43 9.08 8.77 9.16 
Buckwheat No. 3 (barley)... 6.53 6.93 7.42 7.30 7.44 6.64 6.95 7.28 7.28 7.61 
Buckwheat No. 444. 5.60 5.22 5.82 6.16 5.65 4.90 5.10 5.45 5.56 6.51 
Buckwheat No. 5........... 4.77 4.95 5.08 5.48 4.55 4.44 4.66 4.64 4.93 4.95 
Other 2.___ cz 1.92 1.87 1.80 2.04 2.45 2.94 2.88 2.86 3.09 3.43 
Total buckwheat No. 
1 and smaller 7.46 6.97 6.91 6.96 6.58 6.43 6.56 6.48 6.40 6.35 
Total all sizes. s 9.94 9.82 9.46 9.18 8.91 8.64 8.93 8.51 8.08 8.15 


1 Quantity of lump included is insignificant. 
2 Includes various mixtures of buckwheat Nos. 2 to 5 and coal of relatively low dollar value. 
3 Includes Sullivan County. 
Table 24.—Average value of Pennsylvania anthracite from all sources, by regions ! 


(Per short ton) 


1966 1967 
Region Shipped Shipped Colliery Shipped Shipped Colliery 
by rail by truck fuel Total  byrail by truck fuel Total 
Lehigh.................. $7.94 $8.02 $8.61 $7.98 $8.65 $8.15 $8.82 $8.42 
Schuylkill............... 6.29 7.84 7.83 7.12 6.35 7.92 8.75 7.18 
Wyoming 32332 9.81 8.69 1.52 8.85 10.07 8.34 1.16 8.58 
Total... 7.51 8.12 2.22 7.78 7.70 8.09 1.94 7.85 


1 Value given for shipments is that at which coal left possession of producing company; does not include 
selling EE 
s Includes Sullivan County. 
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Table 25.— Wholesale prices of Pennsylvania anthracite, in 1967, by sizes 1 


(Per short ton) 
Size Winter Spring discount Summer-fall End of year 
Egg and stove. ae $13.50-$14.00 $12.50 $13.00—$13.50 $14.00-$14.75 
SE EE 13.25- 13.75 12.25 12. 75— 13.25 13.75- 14.25 
J ³ĩV.1m. 8 10. 25— 11. 00 10. 00 10.25- 10. 75 10.75- 11.25 
SE Nö WEEN 9. 35— 10.10 9.25 9.50- 9.85 10.10- 10. 50 
Buckwheat No. 2 (rice) 9.25- 9.85 9.25 9.50- 9.85 10.10- 10.50 
Buckwheat No. 3 (barley)....... 8.70- 8.75 8.50-8.70 8.50— 8.70 8.70— 9.00 


1 As quoted in The Black Diamond Magazine. All prices are per short ton f.o.b. at mines. 


Table 26.—Employment at operations producing Pennsylvania anthracite 
(including strip contractors) in 1967 


Lehigh SE Wyo- Total 
region k ming ` xkwy ³ 4  vsÑVD 
region region 1 1967 1966 
Average number of men working daily: 
Underground e y A per 42 1,038 1,207 2,287 3,332 
In Strip EE 674 828 381 1,883 2,085 
At culm banks 161 257 152 570 502 
At preparation plant 519 979 395 1,893 1,956 
Other surface) k 40 327 685 1,052 1,389 
Total excluding dredge operations. ........... 1,486 3,429 2,820 7,685 9,214 
Dredge operations 65; basasa 6 78 
rr p ee ee be dii S 1,436 3,494 2,820 7,750 9,292 
gie number of days active: 
operations except dredgen ............... 225 214 222 219 202 
Dredge operations 284 284 271 
Average, all operations. ..................- 225 215 222 219 203 
Man-days of labor: 
All operations except dredges. ................. 323,181 733,960 625,069 1,682,210 1,861,848 
Dredge operations 18,490 ....... 18,490 i 
Total, all operation 323,181 752,450 625,069 1,700,700 1,882,978 
Av SC e tons per man-day: 
All operations except Ce E ER UNE ESE 9.47 7.46 4.94 6.91 6.60 
Dredge operations 84.16 ....... 34.16 31.32 
Average, all operations 9.47 8.12 4.94 7.21 6. 87 


1 Includes Sullivan County. 


Table 27.— Employment at operations producing Pennsylvania anthracite (including strip 
contractors) by counties 


County 1966 1967 County 1966 1967 

Berks, Lancaster, Lebanon, and Northumberland 1,093 846 

Slee AE 71 57 Schuylkill....................... 3,128 2,785 
rr y eee ar ce 284 214 Sullivan 14 14 
CGolumkie -2-22 ------------ 238 227 Susquehanna and Wayne 11... 5 2 
, ous 124 107 — — 
Lacka wann 840 480 Total nc ceo = eee 9,292 7,750 
ET EE 3,550 3,068 


1 None employed in Wayne in 1967. 
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Table 29.—Truck shipments of Pennsylvania anthracite in 1967, by months, and by State 
of destination 1 


(Thousand short tons) 


Destination January February March April May June July 
Pennsylvania: 

Within region. 208 231 201 151 147 104 100 
Outside region 268 254 222 173 205 174 140 
New York. ..................- 51 41 43 28 34 34 19 
New Jersey 34 28 23 16 20 26 19 
Delaeware 2-2-2220 3 2 1 (2) (2) 1 2 
Marvlangd _- 10 15 6 5 3 3 3 

District of Columbia 1 1 (2) (2) (29 — uico (?) 

Other States | 3 2 2 1 (2) (2) (2) 
Total 3: 196777 578 574 500 375 410 344 283 
1966 652 662 514 463 455 419 306 

August Sep- October Novem- Decem- Total 3 Percent of 
tember ber ber total trucked 
Pennsylvania: 

Within region 113 153 162 206 209 1,986 37.4 
Outside region 186 177 208 234 244 2,485 46.8 
Now ell A auaa Sans 23 28 36 42 39 418 7. 8 
New Jersey... 22 23 25 26 25 286 5.4 
Delaware. 2 1 3 3 3 23 . 4 
Marvland -a-a 6 7 9 8 12 89 1.7 
District of Columbia (2 (2) (2) 2 (2) 6 ol 
Other States 1 1 2 2 3 20 .4 
Total 3: 19677 354 391 445 523 535 5,312 100.0 
1966... 416 436 533 537 628 6,021 100.0 


1 Compiled from reports of Pennsylvania Department of Mines and Mineral Industries; does not include 
dredge coal. 

2 Less than 1⁄4 unit. 

s Data may not add to totals shown because of independent rounding. 


Table 30.—Truck shipments of Pennsylvania anthracite, by destinations ! 


(Thousand short tons) 


Destination 1963 1964 1965 1966 1967 

Pennsylvania: 
Within ese Se eee 3,228 3,231 2,712 2, 343 1,986 
Outside region 3,156 3,284 3,015 2,685 2,485 
New York... u iie cy ia aS us ues e LAU LE de eR 870 692 521 477 418 
New S SOS S koe oo eo ee ee s s 547 501 440 392 286 
RIETS ee h voc dax iei y EE 37 34 30 26 29 
Maryland. o se ie wh EEN 90 78 63 69 89 
District of Columbia. 4 5 7 8 6 
Other Sta EE 87 36 24 21 20 
Total e shat ra aucun ⁵ĩðN pe dd 7,970 7,862 6,812 6,021 5,312 


á 1 5 from reports of Pennsylvania Department of Mines and Mineral Industries; does not include 
redge coal. 
2 Data may not add to totals shown because of independent rounding. 
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Table 31.—Rail shipments of Pennsylvania anthracite, by destinations 1 
(Thousand short tons) 


Destination 1963 1964 1965 1966 1967 

New England States 407 381 298 221 174 
New York usa mu , te ee eet hoes 1,516 1,317 1,056 957 708 
New Jeraen s s s ee ne ee ene 675 641 654 399 823 
Pennsylvania... l... 2,002 2,209 1,780 1,247 1,052 
aware hu ß ß ald ae ee tae aes 17 12 6 4 5 
Maryland BEEN 208 230 184 210 83 
District of Columbia 15 19 12 9 10 
APOIO TEE eee Lee 1 12 89 29 13 
"3 EE 139 162 142 121 85 
Cõĩ§¹ö¹́ÜDl......... yt 26 72 80 67 51 
üüĩ[ê1 ↄ ð ⁵ĩ 8 78 102 121 103 114 
i ³ðWA ͤ dy ⁊ᷣͤ K cee 25 29 21 19 16 
III] ⁰¹Ü¹ ii ·˙¹ ³ es 8 21 39 25 22 
Ml ⁰ ¹·w- un 8 35 51 84 54 41 
Other States 217 232 272 305 244 
Total United States 5, 878 5,493 4,788 3, 768 2,936 
EI EC FE 647 513 464 434 306 
Other foreign countries 1,954 1,444 1,170 741 894 
Grand total * Ul U Uu l l l l. L ete chee oe 7,979 7,450 6,422 4,943 4,136 


1 Compiled from reports of Pennsylvania Department of Mines and Mineral Industries; does not include 


dredge coal. 
* Data may not add to totals shown because of independent rounding. 


Table 32.—Consumption of Pennsylvania anthracite in the United States, by consumer 
categories 


(Thousand short tons) 


Resi- Iron and steel industry 
dential — 
and Colliery  Rail- Electric Briquet Cement Sinter- Other Unac- 
Year com- fuel roads utili- plants plants Coke ing and Other‘ indus- counted 
mercial ties 2 making pellet- trial 1 for ! 
heat- izing 3 
ing ! 
1963.... 7,890 161 NA 2,155 W 184 451 766 670 1,664 159 
1964.... 7,550 144 NA 2,239 W 153 492 1,014 NA 2,713 95 
1965.... 6,628 143 NA ,158 W 269 507 966 NA 2,071 158 
1966____ 5,622 141 NA 2,192 W 187 515 897 NA 1, 715 181 
1967. 5, 035 143 NA 2,186 W NA 528 819 NA 2,089 50 


NA Not available. 

W Withheld to avoid disclosing of individual company confidential data. 

1 Calculated. 

2 Federal Power Commission. 

3 Annual Statistical Report, American Iron and Steel Institute. 

* Contains a small but not exactly determined amount of anthracite used for sintering. 
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Table 33.—Apparent consumption of anthracite, heating and range oil, and natural gas, 
in the principal anthracite markets 


(Thousand short tons) 


New District Per- 
Fuel Eng- New New Penn- Dela- Mary- of Total cent of 
land York Jersey sylvania ware land Colum- total 
bia fuels 
Anthracite (all users): ! 
1§ö»Ü˙ y 381 22,009 21,142 8,725 46 309 24 12, 636 8.5 
1965 te 8 298 21,577 21,094 7,507 36 247 19 10,778 6.7 
1966.-__....... 8 221 21,434 2790 6,275 30 279 18 9,047 5.5 
Ee 174 21,121 2609 5,523 28 171 16 7,642 4.4 
Oil (heating and range): ? 
19644... 31,432 30,988 12,851 12, 484 934 4,692 1,498 94,879 68.7 
19858... eet 34,950 36,670 13,469 13,123 975 4,534 2.173 105,894 66.2 
1 k- 34,202 37,015 14,247 13,155 1,037 4,882 2,217 106,755 65.1 
196772; 2 soe eS 37,586 40,156 16,967 15,512 965 5,080 2,762 119,028 67.5 
Natural gas: ¢ 
1964... 4,850 14,499 5, 303 13, 080 262 3, 397 (5) 41,391 27.8 
„ 190602... ZS te tees 5,129 15.465 5,565 13,359 289 3,568 (5) 43,375 27.1 
196 5, 520 18, 280 6,003 14, 404 320 3, 616 (5) 48,148 29.4 
e 196 Ts EE 6,121 17,427 6, 681 14,750 364 4,255 (5) 49,598 28.1 
otal: 
1964... 2522222522 36,663 47,496 19,296 34,289 1,242 8,398 61,522 148,906 100.0 
/ E E EE 40,377 53,712 20,128 33,989 1,300 8,349 2,192 160,047 100.0 
1966_......... eo. 39,943 56,729 21,049 33,834 1,387 8,777 2,285 163,945 100:0 
19% 4 hsc» 43,881 58,704 24,257 35,785 1,857 9,506 2,778 176,268 100.0 


1 Pennsylvania Department of Mines and Mineral Industries. 

2 Part of the anthracite shown as snipped to New Jersey is reshipped to New York. 

3 Converted to coal equivalent upon the basis of 4 barrels of fuel oil equaling 1 ton of coal. 

* Converted to coal equivalent upon the basis of 24,190 cubic feet of natural gas equaling 1 ton of coal. 
§ District of Columbia included with Maryland. 

6 Natural gas for the District of Columbia included with Maryland. 
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Table 34.—U.S. exports of anthracite by countries and customs districts 
(Thousand short tons) 


Country 1966 1967 Customs district 1966 1967 
North America: North Atlantie: 
Canada 624 449 Portland, Maine 3 Sue 
Has x 2 New York City. ..........- 4 4 
Mexico 23 11 Philadelphia. . 290 277 
Panama 1 8 
Trinidad and Tobago (1) 1 South Atlantic: 
Gilf 8 1 1 Baltimore (1) 14 
—— Norfolk... Veo 7 2 
Total. ioc A 649 472 
= Gulf Coast: 
South America: Houston 7 4 
Argenting. ll. 4 2 New Orleans 2 9 
Papil. o u AA 6 2 Mexican border: Laredo 23 11 
(his. cb us mE 1 1 
Surinam 1 2 Northern border: 
Venezuela 9 8 G tee 345 220 
GA. ᷣ K aeae (1) (1) Chieago ---------- 2 tonus 
Detroit EE 7 2 
d Ke WEE 21 15 Ogdengburg. ----.-------- 75 50 
==—nFn Pembina... .............. 1 
Europe: St. Albangsgsg sg 1 
Belgium- Luxembourg (1) (1) Pacific Coast: Seattle 
France..............-...-.- 9 1 Other ⅛ ʃͤẽ—⏓— ... (1) 
/// ˙·m ³ ea 32 45 
Norway-.-.....--..---..-- "pee S EDc4wols 166 595 
Rumania 10 11 
Spain MASS ana DOM SD 10 (1) 
nited Kingdom........... 1. we. 
Other... uus A ei 1 1 
„ u u u 2 sz. 65 58 
// Le ⁰ Uo caus (!) 1 
Asia: 
TCB %¼mſ ! es 3 5 
Jap ⁵ð 8 2 8 
Thailand_ 6 5 
Viet-Nam, South. ..........- 17 26 
EE / — duce dodo 1 1 
TOUBL 29 45 
Oceania 2 4 
Grand total. 766 595 


1 Less than 1⁄4 unit. 


NOTE: According to the Association of American Railroads, 879, 849 short tons of anthracite was exported 
to Europe during 1967 compared with 830,216 tons for 1966. Of this total 826,968 tons was consigned to West 
Germany and Netherlands, including exports to the U.S. military forces, compared with 764,974 tons for 1966. 
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Table 35.—World production of anthracite, by countries 1 


(Thousand short tons) 
Country 1963 1964 1965 1966 1967 P 
e ß su 8, 562 8, 710 7,934 7, 336 5, 503 
Bulgaris we y mt Li 8 239 244 209 e 185 NA 
China, mainland e. .......... 22. 22 222 LLL Ls Lll 22,000 23,100 24,300 25,400 19,840 
FF ³·¹AA a By gustu Ld mua 11,998 13,511 13,660 (713,950 e 12,840 
Germany, Wees 14,969 16,217 15, 526 13,725 12, 103 
ET DEE 164 169 130 133 e 136 
RE 15 10 7 „„ ee 
Japan c zo i eee c aac ris seek 1,982 1,884 1,797 1,777 1,669 
Korea: 
North Os et, Se te See Sees 10, 700 12,300 16,000 17,100 18,700 
Eeer 9,764 10, 606 11,296 12,801 13,708 
ei ul l i ee ee ee ee 445 441 462 497 531 
Netherlands 3_____._-...-___-_-.----.--.--------- r 4,200 r 4, 639 r 4,884 r4,845 ¢ 4,275 
New Zealand- ù ù òiÄ NEA (2) (2) (2) (2) NA 
POPULUM iui neu ri e 11 35 9 15 6 
Portugal. 2.2 e uc cenae Leu SELL eA dat 459 489 472 r 463 488 
EE EE 17 17 17 17 17 
South Africa, Republic of z 1,270 1,450 1,375 1,187 1,411 
e . A iar EE 3,057 2,954 3,059 3, 028 3,058 
f ZS Su . a, greece 4 33 74 86 
e . a a 84, 528 86, 906 88,700 er 90, 400 e 91,500 
United Kingdom. ns 4,658 5,150 4,707 4,986 2 4, 630 
United States (Pennsylvania)) 18,267 17,184 14,866 12,941 12,256 
Viet-Nam: | 
N ² o . -r au ua bau 3, 689 e 3,700 e 3,900 e 3,900 e¢3,100 
S ³o˙ſſ i Are 115 BO. wet, uM 8 
Ota REN r 201, 109 *209,805 213,343 *214,760 205,857 


e Estimate. p Preliminary. r Revised. NA Not available. 

1 Compiled mostly from data available June 1968. 

2T.ess than 14 unit. 

3 Revised to exclude coal with more than 10 percent volatile matter. 
* Total is of listed figures only; no undisclosed data included. 


NOTE: An undetermined amount of semi-anthracite is included in the figures for some countries. 


Cobalt 


By Horace T. Reno’ 


The world’s supply of cobalt in 1967 
was more than adequate to meet the de- 
mand. Mines produced more than 20,000 
tons of cobalt, the U.S. Government sold 
3,000 tons of cobalt from its stockpile, 
and world consumers used less cobalt 
than in 1966. 

Legislation and Government Programs. 


The General Services Administration 
(GSA) sold cobalt from the Defense Pro- 
duction Act Inventory in the first half of 
1967 for domestic consumption only, but 
relaxed this restriction July 3, 1967, to 
permit sales for export. On December 31, 
1967, U.S. Government stockpiles con- 
tained 95,249,020 pounds of cobalt. 


DOMESTIC PRODUCTION 


Cobalt is produced in the United States 
as a by-product of iron ore mining and 


is recovered in processing zinc concen- 
trate. The quantities are not significant. 


CONSUMPTION AND USES 


Domestic cobalt consumption decreased 
in 1967 compared with 1966 levels fol- 
lowing the downward trend in the metal 
economy. The pattern of cobalt usage 
was not changed significantly from that of 
the last few years, although data reported 
to the Bureau of Mines indicate propor- 
tionately less cobalt used in high-tempera- 


ture, high-strength alloys. In all proba- 
bility the change was due more to 
imperfect canvassing and reporting rather 
than to any actual change in the pattern 
of usage. 


Table 1.—Salient cobalt statistics 


(Thousand pounds of contained cobalt) 


United States: 
Consumptioꝶ “nn 
Imports for consumption 
Stocks, Dec. 31: Consumer, 
Price: Metall per pound 
World: Productioůo nnn 


1 Mining engineer, Division of Mineral 
Studies. 

1963 1964 1965 1966 1967 
10, 529 10, 650 13,595 14,205 13,976 
10,522 12,443 15,408 18,823 8,215 

1,09 1,420 1,590 1,996 2,471 

$1.50 $1.50 $1.65 $1.65 $1.85 

2,048 34,964 37,634 44,188 40,090 


Table 2.—Cobalt materials consumed by refiners or processors in the United States 


(Thousand pounds of contained cobalt) 


Form ! 1963 
Alloy and concentrate 1,075 
Merl Su 1,339 
Hydrate ß 15 
Other cae r ³ĩðVAA 6 


1964 1965 1966 1967 

1,174 1,188 1,214 1,168 

1,392 1,669 1,699 1,618 
21 32 35 1 

9 3 6 2 


1 Total consumption is not shown because some metal, hydrate, and carbonate originated from alloy and 


concentrate. 
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Table 3.—Cobalt products 1 produced and shipped by refiners 
and processors in the United States 


(Thousand pounds) 


1966 1967 
Product Production Shipments Production Shipments 
Gross Cobalt Gross Cobalt Gross Cobalt Gross Cobalt 


weight content weight content weight content weight content 


Oxide 478 334 499 349 485 336 476 334 
. CCC 584 325 538 303 579 290 614 298 
Salts: 
Acetate________- 597 97 360 87 1,063 255 1,055 253 
Carbonate....... 598 270 633 282 632 325 595 276 
Sulfate 562 124 509 113 459 105 459 102 
Other 445 100 397 90 328 73 316 65 
Driers .. 11, 806 761 11,820 755 9,751 671 9,496 598 
Total......... 15,070 2,011 14,756 1,979 13,297 2,055 13,011 1,926 


! Figure on metal withheld to avoid disclosing individual company confidential data. 


Table 4.—Cobalt consumed in the United States, by uses 


(Thousand pounds of contained cobalt) 


Use 1963 1964 1965 1966 1967 
Metallic: 
High-speed steel 404 305 304 411 374 
Other tool steel 138 154 113 175 140 
Other alloy ateel 697 563 807 847 666 
Permanent magnet allog .......-.-.-- 2,352 2,210 2, 736 2, 698 2, 486 
Cutting and wear-resisting materialas 275 337 414 360 324 
High-temperature high-strength alloys. ss 2,453 2,461 3,261 3,641 3,447 
Alloy hard-facing rods and materials 607 801 1,055 r 953 864 
Cemented carbide s 409 431 530 r 581 486 
Nonferrous alloy 158 326 330 356 177 
Other 1-5 ⁵. ñ 8 426 427 892 1,342 2,241 
TOCA) cs em nocte oar tei 7,919 8,015 10,442 11,364 11,205 
Nonmetallic (exclusive of salts and driers): 
Ground-coat ft 580 599 535 456 286 
EI ³ÜWwm %»sw 222 209 259 185 204 
Other ee 606 548 684 579 689 
POCA yu au uye EE 1,408 1,356 1,478 1,220 1,179 


— —— .—S'r-— — — — ͤ ö— — —— r T —-T-V. — r AmuylslMlsrr. ..s= — 


Salts and driers: Lacquers, varnishes, paints, inks, 
pigments, enamels, glazes, feed, electroplating, 
etc. (estimate). ---------------------------- 1,202 1,279 1,675 1,621 1,592 


Ge. 10, 529 10, 650 13, 595 14,205 13,976 


r Revised. 
1 Includes unspecified end uses. 


Table 5.—Cobalt consumed in the United States, by forms 


(Thousand pounds of contained cobalt) 


Form 1963 1964 1965 1966 1967 
Me[ EE 8,146 8,265 10,872 11,768 11,610 
O e EE 935 958 961 768 654 
Purchased scrap... zzz 246 148 87 48 120 
Salts and drierg sse 1,202 1,279 1,675 1,621 1,592 


ll €—— ——— 10,529 10,650 13,595 14,205 13,976 
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PRICES 


Cobalt prices, which were stable 


throughout 1966, were raised January 14, 
1967 as follows: 


At the beginning of the year, the GSA 
offered cobalt briquets, rondelles, broken 
cathodes, pellets, and granules for sale 
restricted for domestic consumption at 
$1.65 per pound of contained cobalt. This 
price was revised effective February 6, 


Old New 1967, to $1.70 per pound of contained 
price price ° ° 
Form per per cobalt in metal of 99.50 percent punty, 
pound pound ranging downward $0.01 for each 0.5 
percent decrease in the percentage of 
Metal granules, 500 pound lots. $1.65 $1.85 
Powder, 300 mesh, 100 pound Popa n 
Volga ce E 2.01 2.39 Throughout the remainder of the year 
Briquets, 10-ton lots 1.83 2.03 1 1 m 
Fines, 95-96 percent content 1.65 2.25 commercial and GSA prices were un 
changed. 
FOREIGN TRADE 
Exports of unwrought cobalt, metal, less in value than in 1966. Trade with the 


alloys, waste, and scrap totaled 1,355,395 
pounds valued at $1,509,383, half again 
as much in weight and double the value 
of the 1966 exports of these items. Ex- 
ports of wrought cobalt metal and alloys 
totaled 143,132 pounds valued at $857,- 
847, slightly more in weight but 8 percent 


United Kingdom in 1967 was significantly 
less than normal, judged by past records. 
Variations in trade with other countries 
were not particularly unusual in view of 
the nature of the market fluctuations in 
scrap metal. 


Table 6.—U.S. imports for consumption of cobalt metal and oxide, by countries 


(Thousand pounds) 


Country 


BUCH d LE EE 
Belgium- Luxembourg 
ie ß way eh peo re Sa 
Reef EE 


LR EE 


IN OF Way ee dE 


1 Less than 14 unit. 


Table 7.—U.S. imports for consumption of cobalt, by classes 


(Thousand pounds and thousand dollars) 


Metal 
Year 
Gross Gross 
weight Value weight 
1965. 5-35 u. ¿y ss 14,846 $23,132 947 
1966... 17,871 27,734 1,279 
19öÜ 8 7,946 14, 420 1,044 


Metal Oxide 
(gross weight) 

1966 1967 1966 1967 
9 JA 8 
4,263 1,826 1,233 1,028 
879 783 46 16 
9,710 r AVT 
905 his MCCC ˙’ 8 
684 e tikes ama tel 

18. EE 

5 3 (D wee bet 
58 "y GER 
1,159 BUD. EE 

"PERS NES NERO aya asa (1) 

190 7; A 
17,871 7, 946 1,279 1,044 
Oxide Salts and Total 

compounds 
Gross Gross Cobalt 
Value weight Value weight content 
(estimated) 
$1,011 186 $179 15,979 15,408 
1,411 150 81 19,300 18,823 
1,670 167 200 9,157 8,215 
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WORLD REVIEW 


The supply of cobalt available on 
world markets was uncertain in the first 
quarter of 1967 as mines in the Republic 
of the Congo (Kinshasa), which in recent 
years produced more than 50 percent of 
the total, were taken over by the Govern- 
ment. Nevertheless, the surplus of supply 
. over demand prevalent in 1966 continued 


in all industrialized countries. Demand 
declined throughout the world following 
the pattern of industrial activity. 


Exploration crews were active in cobalt 
bearing deposits in North America, 
Africa, and Asia but reportedly did not 
discover any new ore deposits. 


Table 8.—World production of cobalt by countries 1 


(Short tons of contained cobalt) 


Country 1 1963 
Australia (content of zinc concentrate) r 96 
RRE TEE 1,512 
Congo (Kinshasa)... ` 8,131 
Cuba (recoverable from sulfide)*........ 520 
Finland EE 2,176 
Morocco (content of concentrate). __ _ ` ` E 500 
=? — p wm n 4 e 4 we = = = o4 a a ww o" = em gr — ep e wm ? 
Zambia (cathode metal and other prod- 
e NIS ap ea AS ga ee aaa ed ce 778 
Totalt u oc po ole See Ae r 16,024 
e Estimate. » Preliminary. r Revised. 


1964 1965 1966 1967 p 

r 82 r 100 r 107 e 100 
1,592 1,824 r 1,756 1,652 
8,461 9,246 12,453 10,709 
770 880 r 1,010 ° 1,000 
1,856 1,646 e 1,500 * 1,350 
1,850 2,019 2,198 e 2,180 
1,300 1,400 1,400 1,500 
1,571 1,702 1,670 1,604 

r 17,482 r 18,817 r 22,094 20,045 


1 Cobalt was produced in Bulgaria, East Germany, Poland, and Uganda but production data are not avail- 
able. U.S. figure is withheld to avoid disclosing individual company confidential data. Estimates for these 


countries are not in the world total. 


? Cobalt in all forms. Excludes the cobalt content of nickel-oxide sinter shipped to the United Kingdom 
by International Nickel, but includes the cobalt content of Falconbridge shipments of nickel-copper matte 


to Norway. 
3 Content of pyrites. 


4 Total is of listed figures only, no undisclosed data included. 


Australia.— The method of reporting 
Australian cobalt production was changed 
to include all the cobalt content of zinc 
concentrate, whether it was recovered in 
Australia as oxide or exported. The fig- 
ures for Australia in table 8 for 1963—66 
were revised because of this change. 


Canada.—Cobalt was produced as a 
byproduct in Canadian nickel and silver 
mines. Output in 1967 was adversely 
affected by the labor shortage in the 
nickel mines but benefited from increased 
activity in the silver mines. Total output 
however, was 344,000 pounds less than 
the record produced in 1965 and 208, 
000 pounds less than produced in 1966. 

The International Nickel Company of 
Canada Ltd., Falconbridge Nickel Mines 
Ltd., and Sherritt Gordon Mines Ltd. 
produced cobalt at their nickel mining 
operations in the Sudbury district of 
Ontario. Falconbridge cobalt was re- 
covered in its refinery at Kristiansand, 
Norway. That of the other tWo companies 
was recovered in Canadian refineries. 


All cobalt produced as a byproduct of 
silver mining came from mines in the 
Cobalt and Gowganda districts of On- 
tario. It was recovered as cobalt oxide by 
the Refinery Division of Kam-Kotia 
Mines Ltd. 


Congo (Kinshasa).—Cobalt production 
in the Congo (Kinshasa) was interrupted 
for about 2 months when the Government 
took over all assets and concessions of 
Union Miniére du Haut-Katanga the first 
of the year. Union Miniére asserted its 
right to ownership of all materials al- 
ready produced or to be produced in the 
future from its mines and plants. The 
action effectively stopped sale of all cobalt 
and other metals produced by Union 
Miniére from the Congo. The dispute was 
settled by a technical agreement whereby 
Société Genérale des Minerais de Belgique 
was given the right to manage the Union 
Miniére properties and market the metals 
produced therefrom. 


COBALT 


Société Genérale had marketed Union 
Miniére produced metals in the past. It 
retained most of Union Miniéres’ 1,600- 
man technical staff to operate the mines 
and refineries. Within a short time the 
Congo’s cobalt operations were normal 
and continued so throughout the re- 
mainder of the year. 

Prompt settlement of the Congo dis- 
pute apparently was brought about by 
the importance of copper sales income 
to that nation’s economy. The Govern- 
ment faced bankruptcy with continued 
suspension. On the other hand, the 
Congo’s cobalt is more important to the 
industrial nations of the world than is 
its copper. The world could ill afford to 
lose half of its cobalt supply, but loss of 
less than 10 percent of its copper al- 
though from one of the major producing 
countries, is not as critical. 


Zambia.—Cobalt was produced in 
Zambia as a byproduct of copper mining 
operations. The copper mines were ad- 
versely affected by labor unrest and trans- 
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portation problems through neighboring 
Rhodesia. By the end of 1967, alternative 
transportation routes other than through 
Rhodesia had been developed. However, 
a shortage of fuel for the smelters and 
refineries, which was caused by the trans- 
portation shortage, had not been over- 
come by the end of the year. Rhokana 
Corporation Ltd., the only producer of 
refined cobalt, produced more in its 1966— 
67 fiscal year than in 1965—66, as its 
cobalt operations were not affected by the 
fuel shortage. 

Roan Selection Trust Ltd., Chibuluma 
Mine, produced cobalt- copper concen- 
trate but stockpiled most of it for later 
processing. 

The Luanshya Division of Roan Selec- 
tion Trust continued detailed exploration 
of the Baluba deposit, which has a re- 
ported reserve of 102 million tons con- 
taining 0.16 percent cobalt. If the politi- 
cal and labor elements in Zambia stabi- 
lize, Baluba apparently could become a 
significant source of cobalt. 


TECHNOLOGY 


Researchers in 1967 continued the slow 
evolution of reliable data on the physi- 
cal and chemical characteristics of cobalt. 
This work has been overshadowed since 
World War II by the more glamorous re- 
search in cobalt alloys, magnets, cemented 
carbides, and cobalt-bearing steels. How- 
ever, it was equally significant and pro- 
vided the basis for much of the advance 
in alloys in the last 20 years. À study of 
the kinetics of oxidation of ultra-high- 
purity cobalt at high temperatures pub- 
lished in 1967 was typical of the basic 
work.? ; 

Studies of use of cobalt in high- 
strength steel alloys, in binary and ter- 
nary alloys, in cemented carbides, and 
in permanent magnets in 1967 were at 
the same high intensity of the last decade. 
Cobalt-rare-earth alloys for use in mag- 
nets, and cobalt-columbium alloys for use 
at high temperature showed promise of 
commercial application on the basis of 
laboratory investigations. 

Development research to design better 
ways to recover cobalt from the nickelif- 
erous laterite deposits was in progress in 
several industrial laboratories according 


to company reports to stockholders, but 
there were no significant new elements 
announced. 

Metallurgists of Sherritt Gordon Mines 
Ltd. described that firms process for re- 
covering cobalt from nickeliferous sulfide 
ores.? Sherritt uses a chemical process to 
separate nickel and cobalt based on the 
greater stability of cobaltic pentammine 
complex over that of nickel ammine 
forms in an acidic medium. The cobaltic 
complex is reduced to ammine which is 
reduced to cobalt with hydrogen by a 
proces of nucleation, densification, and 
then leaching controlled by temperature 
and pressure. Sherritt metallurgists re- 
ported reduction time of 117 hours. 

Bureau of Mines metallurgists studied 
the action of cobalt in steel. A report on 
their work will be published in 1968. 


2Snide, J. A., J. R. Myers, and R. K. 
Saxer. Oxidation of Ultra-High-Purity Cobalt 
at Selected Oxygen Pressures Over the Tem- 
perature Range 950° to 1250° C. Cobalt, No. 
36, September 1967, pp 157-161. 

3 Stauffer, R., and S. Lindsay. Cobaltic 
Ammine Process. Trans. C. I. M. Conf. of 
Metallurgists, Toronto, Canada, v. 70, 1967, 
pp 161-166. 
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Coke and Coal Chemicals 


By Joseph A. DeCarlo * and Barbara D. Watson * 


Production of coke totaled 64.6 mil- 
lion short tons in 1967, a decrease of 4 
percent from 1966. Both oven- and 
beehive-coke plants shared in the re- 
duced output, although beehive produc- 
tion dropped 44 percent as compared 
with less than 4 percent for oven-coke 
plants. The production decline started in 
the second quarter of the year as cumula- 
tive production through the first quarter 
was actually higher than it was for the 
comparable period of 1966. In the 
second quarter, however, operating 
rates of oven plants, the major source 
of coke, began to decline, and by July 
were well below those of the previous 
year. Oven-plant production began to 


rise slowly in the third quarter and in 
December was the highest in 14 months. 
“Furnace” oven-coke plants supplied 89 
percent of the total coke output, “mer- 
chant" oven-coke plants 10 percent, and 
beehive plants about 1 percent. 

Production of coke exceeded demand 
during most of 1967, with stocks of 
oven coke at producing plants increasing 
steadily each month and reaching an 
alltime peak of more than 5.5 million 
tons on November 30, 1967, before de- 
clining slightly in December. The 
quantity of oven and beehive coke on 
hand at the end of the year was equiva- 
lent to 30 days’ production at the Decem- 
ber rate of operation. 


Table 1.—Salient coke statistics ! 


1957-59 1965 19 66 1967 
(average) 
United States 
Production: 
Oven eoke -.--.-----0-- thousand short tons. 60,552 65,198 65,959 63,715 
Beehive cokke nn do 1,254 1,657 1,442 806 
J%G/CTTTC(Cßãĩ;ĩÄĩB u x suse do 61, 806 66,854 67,402 64,580 
IFP 8 do- 121 90 96 92 
CC CͤĩÜôĩtwn!m t vy a Ea S do- 558 834 1. 102 710 
Producers’ stocks, Dec. 3 Il. do- 2 4,682 2, 703 3,079 5,468 
Consumption, apparent do.... 60,586 65,379 66,019 61,572 
Value of coal-chemical materials used or sold 
thousands $330,902 $811,407 $309,148 $292,579 
Value of coke and breeze produced do.... 1,148,590 1,153,730 1,193,533 1,152,251 
Total value of all produetss do.... 1,474,492 1,465,187 1,502,676 1, 444, 830 
World production: 
Hard eoke. cee ceed thousand short tons 287,855 341,799 r e341, 166 316,270 
Gashouse and low-temperature coke. ......... do.... 51,130 r 38,413 r 36,382 30,489 


r Revised. 


1 Data may not add exactly to totals shown due to independent rounding. 


? 1959. 


The disposal patterns of coke and 
breeze closely paralleled those of the 
preceding year. Although all consumer 
groups used less coke, it was distributed 
in roughly the same proportions. Blast- 
furnace plants continued to receive the 


bulk of the shipments, or 92 percent. 
Foundries were the next largest single- 
purpose users, receiving 5 percent. Coke 
used in miscellaneous industrial applica- 


1Supervisory chemical engineer. 
2 Commodity research assistant. 
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tions, classified as “other industrial” com- 
prised nearly 3 percent of the market. An 
insignificant quantity of coke was used 
for residential and commercial heating, 
and the remainder was exported. 

Breeze production declined less than 
0.1 percent, due to the slightly higher 
yield reported by oven-coke producers. 
Unsuitable for most metallurgical ap- 
plications because of its small size and 
high ash content, the bulk of this mate- 
rial is used by producers for sintering 
iron ore and for raising steam. However, 
nearly one-third of the 1967 output was 
sold for use mainly as a reductant in 
electric furnaces that smelt phosphate 
rock to produce elemental phosphorus. 
The increased demand for breeze influ- 
enced prices, and average value, f.o.b. 
plant, of breeze sold in 1967 was 16 per- 
cent higher than in 1966. 

Coal costs to coke producers increased 
3 percent over those of 1966 with costs 
to oven-coke producers rising 2.5 percent 
and to beehive-coke makers 8.7 percent. 
The delivered costs of bituminous cok- 
ing coals vary among plants largely be- 
cause of the transportation charges and 
ranged from $5.53 per ton to $12.39. 
In some cases the freight rate exceeded 
the f.o.b. mine costs in plants located 
long distances from their coal supply. 

Production of coal chemicals normally 
parallels oven-coke output, and this was 
true of all the primary coal chemicals. 
The output of crude tar, ammonia, and 
gas dropped 3 percent each, and crude 
light oil dropped 4 percent. Yields of 
the basic chemical raw materials showed 
only minor changes from 1966 with yields 
of ammonia, gas, and light oil declining 
slightly and tar remaining virtually the 
same. Processing of crude tar and crude 
light oil for the production of various 
tar and light-oil products is an integral 
part of coke-oven operations at many 
plants. There was no change in the num- 


OVEN AND BEEHIVE 


DOMESTIC PRODUCTION 


Fluctuations in industrial activity were 
reflected generally in the pattern of coke 
output. The slight rally at the beginning 
of the year tapered steadily into the low 
in July, a traditionally slow period, in 
the bituminous coal and coke industries 
when personnel normally take their 
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ber of producers processing crude tar, 
and about the some percentage of tar 
was processed in 1967 as in 1966. With 
crude light oil, however, the greatest pro- 
portion of the output on record was sold 
for processing outside the producing 
plants. This marked change in the proc- 
essing or refining of crude light oil 
started in the early 1960's, when a few 
of the producing companies started to 
sell their output because their processing 
equipment was not able to produce the 
high-purity products required by some of 
the large markets. 

Price quotations on oven and beehive 
foundry coke published in various trade 
journals showed no changes in 1967. The 
average values or realization on com- 
mercial sales of oven and beehive coke 
reported to the Bureau of Mines showed 
minor changes in several instances. Prices 
on oven coke sold to foundries (foundry 
coke) and other industrial plants in- 
creased $0.65 and $0.26 per ton, re- 
spectively, f.o.b. plant, whereas prices 
received on oven coke sold to blast- 
furnace plants and for residential heating 
were lower. Beehive producers received 
slightly higher prices on sales to blast- 
furnace plants, but lower prices on sales 
to all other consumers. Prices on coal- 
chemical materials changed only slightly 
during the year. Ammonium sulfate 
dropped $1 per ton in the first half of the 
year, but naphthalene prices increased 
about 25 percent. Prices on the principal 
light-oil derivatives-benzene, toluene, and 
xylene- did no change. 

The total value of coal carbonized in 
1967 decreased 2 percent from the 1966 
total and amounted to $925 million. The 
value of all coke-oven products used and 
sold amounted to $1,445 million, or 56 
percent more than the value of the coal. 
The value of coke and breeze represented 
80 percent of the value of all coke-oven 
products. 


COKE AND BREEZE 


vacations. Only 166,000 tons of coke per 
day were produced in July, less than in 
any month since April 1964. Production 
pulled out of its slump in the last 6 
months and finished the year with the 
years highest average daily output in 
December. December's daily average of 
185,000 tons per day, however, was still 


COKE AND COAL CHEMICALS 


not quite up to the yearly average of 
1966, lacking just 300 tons per day. 
Table 5 summarizes monthly and 
average daily production of oven and 
beehive coke in 1967 and shows com- 
parable data for the 2 preceding years. 


Merchant and Furnace Plants.—The 
terms “merchant” and “furnace” in this 
report apply only to oven-coke plants. 
Furnace plants are owned by, or are 
financially affiliated with, iron and steel 
companies that produce coke mainly for 
use in their own blast furnaces. Mer- 
chant plants include those that manu- 
facture metallurgical, industrial, and res- 
idential-heating grades of coke for sale 
on the open market; those associated 
with chemical companies or gas utilities; 
and those affiliated with local iron works 
that consume only a small part of their 
output in affiliated blast furnaces. Both 
merchant and furnace plants shared in 
the reduced output primarily because of 
lessened demands from all markets. 
Oven-coke output supplied by merchant 
plants continued to decline in 1967, 
their share of the output amounting to 
less than 10 percent. 

Tables 6 and 7 show production of 
oven coke by merchant and furnace 
plants in 1967. 


By States.—Coke was produced in 21 
States from coast to coast in 1967, with 
93 percent manufactured in 15 States 
east of the Mississippi River. This was 
the same number of States producing in 
1966. Since the nationwide pattern of 
supply has not changed to any marked 
degree in the past decade, the relative 
proportions supplied by the individual 
States have remained relatively static. 
The bulk of coke output in 1967, as 
always, was centered in the highly 
industrialized States which use coke as 
blast-furnace fuel for ironmaking. 

Pennsylvania continued to be the 
largest producer, with oven- and 
beehive-coke output comprising nearly 
30 percent of the U.S. total. As in most 
other States, oven-coke production de- 
creased slightly in Pennsylvania in 1967, 
but the State's relative contribution to 
total output was virtually the same as 
in 1966. Still the leader in beehive pro- 
duction, the 42-percent portion supplied 
by Pennsylvania in 1966 was virtually the 
same as in 1967. Indiana, Ohio, Ala- 
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bama, West Virginia, and Michigan 
followed Pennsylvania in output in the 
order named. The combined production 
of these 5 States and Pennsylvania ex- 
ceeded 47 million tons and was 73 per- 
cent of the total. Increases in production 
were recorded in Alabama, whose out- 
put rose 1 percent, and in Kentucky and 
Missouri, each of which gained over 10 
percent. All other States shared in the 
general decline in output. Statistics on 
production of oven and beehive coke, by 
States, are shown in table 8. 


Screenings or Breeze.—One phase of 
coke-oven operations that is practiced by 
all oven-coke and some beehive-coke pro- 
ducers is the screening of run-of-oven 
coke. In this process, the smaller sizes of 
coke, called screenings or breeze, usually 
are separated from the industrial-size 
coke by passing them through a 1⁄-inch, 
or sometimes a 5%-inch, screen. There is, 
however, no established screen size and 
sizes vary with local conditions. 

In the past, breeze, which is unsuitable 
for most metallurgical applications, was 
used chiefly by producers for steam rais- 
ing. In recent years, however, new uses 
have been developed for breeze, and 
currently only about 15 percent of the 
production is used for boiler fuel. Pro- 
ducers continue to consume the bulk of 
the breeze output, but more than three- 
fifths of the breeze now consumed by 
producing companies is used for sinter- 
ing iron ore. 

Approximately 31 percent of the 
breeze produced in 1967 was sold on the 
commercial market. Data on the exact 
end uses were not available, but most 
of the shipments probably went to plants 
that manufactured elemental phosphorus. 
Approximately 1.5 tons of coke breeze 
is required to produce 1 ton of elemental 
phosphorus, and on this basis, it is esti- 
mated that approximately 875,000 tons 
of coke breeze was charged in electric 
furnaces to smelt phosphate rock. Breeze 
was sold also for mineral-wool manu- 
facture and for several other industrial 
applications. An average yield of 4.40 
percent per ton of coal was attained by 
oven-coke plants. The highest yield, 7.11 
percent, was reported for Alabama, and 
the lowest, 2.94 percent, for Pennsyl- 
vania. Most beehive plants do not re- 
cover breeze, but the average yield for 
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the plants that did report production 
was 7.01 percent. 

Table 9 shows the production and 
disposal of breeze in 1967, by State, and 
table 10 shows the quantities of breeze 
used by producers according to major 
end use and the quantities and values of 
breeze sold. 


CONSUMPTION AND SALES 


The United States consumed 61.6 
million short tons of coke in 1967, al- 
lowing for imports, exports, and changes 
in producers’ stocks. This was the lowest 
consumption figure since 1963 and was 
nearly 7 percent less than in 1966 and 
21 percent less than the record high of 
1951. | 

The largest single factor in the gen- 
eral decline in coke consumption from 
1966 was the decreased tonnage used 
in blast furnaces. Not only did this con- 
sumer group manufacture less pig iron 
and ferroalloys than in the preceding 
year, but the effect was compounded by 
the further decline in the coke rate, 
which is the amount of coke required to 
produce 1 ton of pig iron and ferroalloys. 
This can be illustrated by the fact that 
while pig iron and ferroalloys production 
dropped 4.9 percent from 1966, con- 
sumption of coke in iron furnaces, as 
reported by the American Iron and Steel 
Institute, dropped 5.8 percent, due to 
the 1-percent reduction in the coke rate. 
The continuing downward trend in coke 
rates is attributed mainly to improved 
burdens (coke and iron ore) and ad- 
vanced operating techniques, such as 
higher blast temperatures, fuel injection, 
and oxygen enrichment of the blast. The 
ultimate effect on the coke industry may 
best be illustrated by citing a hypothe- 
tical case of blast furnaces operating at 
1951 rates; the 87.6 million tons of pig 
iron and ferroalloys produced in 1967 
would have required 81.9 million tons of 
coke rather than the 56.2 million tons 
actually consumed. 

All other consumer groups also used 
less coke in 1967. The most severe per- 
centage reduction occurred in the dwin- 
dling residential-heating market. Fuel oil 
and natural gas have virtually replaced 
coke for this purpose, and the quantity 
of coke so used will probably soon be 
negligible. Less than 100,000 tons was 
used for residential heating in 1967. 
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Data on total coke consumption are 
shown in table 11; data on coke rates 
are shown in table 12. 

Tables 13 and 14 summarize, by major 
end use, the disposal of oven and bee- 
hive coke in 1967. Furnace oven-coke 
plants supplied 89 percent of the 62.2 
million tons of oven and beehive coke 
distributed. Ninety-six percent of the 
coke distributed by furnace plants was 
consumed in integrated and affiliated 
blast furnaces, an additional 1 percent 
was used for other purposes, and the 
remaining 3 percent was marketed, 
chiefly to blast furnaces and other indus- 
trial plants but with small quantities 
going also to foundries and for resi- 
dential heating. 

Merchant coke plants distributed near- 
ly 6 million tons of coke in 1967, 95 per- 
cent of which was placed on the com- 
mercial market. Principal markets were 
blast-furnace operations vithout coke 
facilities, independent gray-iron found- 
ries, nonferrous smelters, and chemical 
plants. Of the 5.7 million tons of oven 
coke sold by merchant plants in 1967, 
43 percent was shipped to blast furnaces, 
45 percent to foundries, and 11 to other 
industrial plants; the remaining 1 per- 
cent was sold for residential heating. 
Only 5 percent of the total coke distri- 
buted by merchant plants was retained 
for use by the producers. 

Less than 1.3 percent of the coke dis- 
tributed in 1967 came from  beehive 
plants. Seventy percent of the beehive 
shipments were destined for use in blast 
furnaces. Most of the remainder went to 
other industrial plants. These were 
mainly chemical plants that used the 
coke to produce calcium carbide and ele- 
mental phosphorus. Minor quantities 
were used also in foundries and for resi- 
idential heating. Coke was produced in 
or received by all States except Alaska, 
Hawaii, and Nevada and the District of 
Columbia in 1967. A total of 61.7 mil- 
lion tons of coke was distributed domes- 
tically. This was 7 percent less than the 
1966 total, chiefly because of the de- 
creased quantity received by blast fur- 
naces. However, the foundry, other-in- 
dustrial, and residential-heating markets 
also received smaller shipments than in 
the preceding year. 

Eighteen States consumed 56.9 millon 
tons of blast-furnace coke. Pennsylvania, 


COKE AND COAL CHEMICALS 


Ohio, Indiana, Illinois, Michigan, New 
York, Maryland, Alabama, and West 
Virginia together received 91 percent of 
the total. Most blast-furnace installations 
are integrated with coke ovens, and 
blast-furnace coke generally moves only 
short distances, usually by conveyor belt 
or company railroad within the produc- 
ing establishment. Coke so restricted in 
its movement accounted for 89 percent 
of the blast-furnace distribution. The 
remaining 6.3 million tons, or 11 per- 
cent, was shipped out of the producing 
State, mainly to affiliated blast furnaces 
in adjoining or nearby States. | 

The chief recipients of foundry-coke 
shipments were the automotive, farm- 
machinery, machine-tool, heavy-machinery, 
rallroad, and electrical-equipment indus- 
tries. Most of these industries are con- 
centrated in the East and Midwest. To 
reach these markets, foundry coke general- 
ly must be shipped long distances by 
rail. In 1967, the combined consumption 
of Michigan, Ohio, Alabama, Pennsyl- 
vania, Illinois, Indiana, Wisconsin, and 
New York accounted for 77 percent of 
the foundry-coke shipments. Lesser 
quantities were sent to 37 other States. 
Eighty-nine percent of the total foundry 
coke was sold commercially. 

Less than 3 percent of the total coke 
distributed was utilized for miscellaneous 
industrial applications by, among others, 
nonferrous smelters, alkali plants, and 
chemical plants that manufacture cal- 
cium carbide and elemental phosphorus. 
Leading consumers of this classification 
of coke were, in the order named, Ohio, 
Pennsylvania, Idaho, Michigan, Illinois, 
Indiana, Tennessee, Kentucky, Louisiana, 
New York, Virginia, and Alabama. To- 
gether, these 12 States consumed more than 
two-thirds of the total other-industrial coke. 

The quantity of coke used for resi- 
dential heating in 1967 declined 29 per- 
cent from the 1966 level. Although 26 
States used coke for this purpose, the 
quantity sent to each was so small that 
the total distributed was only 85,000 
tons. Seven States consumed less than 
500 tons each, and only 3 States, New 
Jersey, New York, and Massachusetts, 


used more than 10,000 tons each. Dis- - 


tribution of oven and beehive coke and 
breeze, by major end use and final destina- 
tion, are shown in table 15. 
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STOCKS OF COKE AND BREEZE 


Coke stockpiled at producers’ plants in- 
creased in quantity each month of 1967 
except December. Stocks on hand at the 
close of the year exceeded those of Decem- 
ber 31, 1966, by 78 percent. Although 
production lagged behind 1966 levels, con- 
sumption was still further curtailed, and 
stocks attained record levels from Sep- 
tember through December. The principal 
factor in this development was the de- 
creased demand from blast-furnace plants. 
Of the overall 4.8-million-ton reduction in 
consumption, 4.1 million tons, or 85 per- 
cent, was accounted for by the decline in 
blast-furnace consumption. 

Only 9 percent of the reserve coke 
supply was retained by merchant coke 
plants. However, this quantity was equi- 
valent to the production of 29.8 days. 
Although furnace plants kept much larger 
quantities on hand, they equaled only 31.6 
days of furnace-plant production thus ex- 
ceeding the relative stock at merchant 
plants by a very small margin. Almost 
all of the stocks at furnace plants was 
blast-furnace coke. Stocks at merchant 
plants were composed of 14 percent blast- 
furnace coke; 34 percent foundry coke; 
and 52 percent other grades. 

Beehive-coke stocks were nearly the 
same as in 1966 and amounted to about 
1,000 tons. Stocks of coke breeze also in- 
creased, and the 1 million tons on hand on 
December 31, 1967, was 10 percent more 
than that of 1966. Tables 16 and 17 show 
data on producers’ stocks of coke. 


VALUE AND PRICE 


The average values of oven and beehive 
coke production, and average receipts for 
commercial sales, f.o.b. plant, of the dif- 
ferent grades of coke are shown in tables 
18 and 19. Production values were based 
upon the prevailing market value as as- 
signed by producers for the coke they con- 
sumed; sales prices for the different grades 
of coke sold were based upon commercial 
sales, as reported by producers. 

There was a 1-percent increase in the 
average value assigned to all coke pro- 
duced in 1967. The average value of 
$17.42 per ton recorded for oven-coke 
production in 1967 was higher than the 
value per ton of oven coke in the 2 preced- 
ing years. Beehive-coke production aver- 
aged $15.03 per ton in value, $0.13 per 
ton lower than in 1966. 
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The average value per ton, f.o.b. plant, 
of all coke sold commercially was $21.92. 
Receipts for sales of oven coke averaged 
$22.67 per ton, an increase of $0.45 over 
1966, and the beehive coke value increased 
$0.43 per ton to $15.03. Average receipts 
per ton of oven coke sold to blast-furnace 
plants and for residential heating declined 
$0.04 each, but this was more than offset 
by the increased prices brought by foundry 
and other-industrial coke, which increased 
$0.65 and $0.26 per ton, respectively. The 
overall increase in receipts for beehive coke 
was due solely to the 10-percent rise in the 
average price per ton of coke sold to blast 
furnaces. 

The large variance in price for blast- 
furnace and foundry oven coke was attrib- 
uted principally to the lower yields ob- 
tained in producing foundry coke, and to 
larger minimum sizes required to meet 
foundry-coke specifications. The differeaces 
in f.o.b. prices of oven and beehive 
foundry coke were due largely to trans- 
portation costs for coal and/or coke. 


FOREIGN TRADE 


U.S. exports of coke decreased 35 per- 
cent from those of the preceding year. 
Nearly all of this decrease was the result 
of the more than 400,000-ton drop in 
Canadian shipments, which were nearly 
halved in 1967. Canada, nevertheless, re- 
mained the leading export market, ab- 
sorbing 62 percent of the foreign con- 
sumption of U.S. coke. In addition, nearly 
38 percent was shipped to Mexico, Vene- 
zuela, Japan, and Brazil, and less than 1 
percent went to various other countries. 

More than three-fourths of the coke 
exports were through the Buffalo, N.Y., 
Detroit, Mich., and Laredo, Tex., customs 
districts. Each of these ports handled well 
in excess of 100,000 tons. Table 21 shows 
exports of coke by country and by customs 
district for 1965, 1966, and 1967. The 
quantity shown 1s substantially larger than 
that reported by producers and shown in 
table 15 because there were additional 
shipments to foreign countries by export 
firms. 

The United States imported 92,000 tons 
of coke in 1967. Almost twice this tonnage 
was produced domestically in a single day. 
This imported coke had a negligible bear- 
ing on the general nationwide market and 
was significant only in certain local areas, 
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such as the Northwest, which are far re- 
moved from sources of coke production. 

Ninety-five percent of the coke imported 
for consumption in 1967 originated in 
Canada and was produced in the Province 
of British Columbia. This coke is used 
mainly in nonferrous smelters and enters 
the United States through the Great Falls, 
Mont., customs district. Four percent of 
the imported coke came from West Ger- 
many, and the remaining 1 percent, from 
France, Mexico, and the Netherlands. 

Table 20 shows imports of coke for 1967 
and the 2 immediately preceding years, by 
country and by customs district. 


WORLD PRODUCTION 


World production of metallurgical coke 
in 1967 was estimated at 316 million tons, 
a decrease of 7 percent from the estimated 
output for 1966. This decrease was attri- 
buted princpally to the smaller outputs 
of the United States West Germany, and 
Mainland China. Also, the 1967 estimate 
does not include the production of 12 
countries for which data were not avail- 
able, but whose combined outputs totaled 
18.5 million tons in 1966. 

Europe maintained the lead in world 
production with 61 percent of the output. 
Although the European output apparently 
decreased 8 percent, it must be noted that 
data were not available for Czechoslovakia, 
which has consistently produced more than 
10 million tons annually for the past 4 
years. 

Output of coke and breeze in the Soviet 
Union, currently the world’s largest pro- 
ducer, was estimated at 76 million tons, 
about two-fifths of the European total and 
nearly one-fourth of the world total. This 
was an increase of 2 percent over the 1966 
production and a record output for the 
U.S.S.R. Although Soviet production ex- 
ceeds that of the United States, the actual 
difference in outputs of the two countries 
was 7.5 million tons rather than 11.5 mil- 
lion tons as reflected in table 22, because 
the U.S. production figure does not in- 
clude 4 million tons of breeze produced in 
1967. 

The United States, with 20 percent of 
the world output ranked second, and West 
Germany, with 12 percent, ranked third. 
The United States had a 4-percent pro- 
duction decrease, and West Germany’s out- 
put was 12 percent below that of 1966. 
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. Other leading coke-producing countries 
in order of output were Japan, the United 
Kingdom, Poland, France, Mainland 
China, and India. Except for Japan, where 
production increased 25 percent (4.7 mil- 
lion tons), and China, where production 
decreased 29 percent (5.5 million tons), 
output in these countries did not differ 
essentially from that of 1966. 

In addition to the high-temperature 
metallurgical coke produced in conven- 
tional slot- and beehive-coke ovens, over 
30 million tons of other coke was pro- 
duced at high, medium, and low tempera- 
tures in vertical and horizontal retorts and 
other types of carbonizing equipment. 
Commonly referred to as “soft,” this coke, 
which is not suitable for most metallurgical 
applications, was used principally for 
domestic heating, chemical processing, and 
the production of producer and water gas. 
When produced as char, the material 
generally was briquetted and then used for 
domestic fuel. 


COKING 


QUANTITY AND VALUE OF 
COAL CARBONIZED 


The carbonization of bituminous coal for 
coke production is currently the second 
largest end use of this fuel. Only the elec- 
tric utilities, whose annual consumption of 
bituminous coal generally absorbs about 
half of the production, ranks higher in 
usage. In 1967 coke producers charged 92 
million tons of bituminous coal, one-sixth 
of the total bituminous coal produced, into 
coke ovens. An additional 528,000 tons of 
anthracite was blended with bituminous 
coal at oven-coke plants and carbonized, 
chiefly to produce foundry coke. 

The average value per ton for all coals 
carbonized at oven-coke plants was $10.02 
compared with an average value of $5.98 
per ton for the coal carbonized at beehive 
ovens. The difference in value was attri- 
buted mainly to transportation charges for 
coal shipped to oven plants, as virtually all 
beehive plants are located at the mines 
where they obtain their coal. In some in- 
stances, transportation charges exceed the 
value of the coal at the mine, and this 
partially accounts for the high values of 
coals used at plants in the Western States, 
most of which receive shipments of low- 
volatile coals from the East. 
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Europe produced nearly three-fourths 
of the world’s soft coke, and Asia supplied 
most of the remainder. The leading 
European producers were East Germany 
and the United Kingdom, with a combined 
output equal to 49 percent of the world 
total and 66 percent of Europe’s produc- 
tion. The major part of East Germany’s 
output of soft coke was principally car- 
bonized lignite briquets. Production in the 
United Kingdom consisted mainly of car- 
bonized briquets or semicoke produced in 
retorts from bituminous coal. Both 
countries used these fuels principally for 
domestic heating. Other countries with 
relatively large outputs were West Ger- 
many, Japan, India, and Poland. The 
United States produced 163,000 tons of 
soft coke in 1967. 


Table 23 shows production of gashouse, 
low-, and medium-temperature coke in the 


various countries. 


COALS 


The overall average values of the coals 
carbonized at both oven- and beehive-coke 
plants were somewhat higher than in 1966. 
The $0.24-per-ton increase in coal costs to 
oven-coke plants was the result of higher 
prices paid by virtually all States for their 
coking coals. The cost of coal to beehive- 
coke plants rose $0.48 per ton, largely be- 
cause of the $0.86-per-ton increase in the 
average value of coals carbonized in 
Pennsylvania. 

An overall average of 1.43 tons of coal, 
valued at $14.37, was required for each 
ton of oven coke produced in 1967. Bee- 
hive ovens required an average of 1.66 tons 
of coal per ton of coke production, but 
coal costs averaged only $10.18 per ton of 
coke because of the lower value of the coal 
delivered to beehive ovens. 

Tables 24-28 present data on the coals 
carbonized at oven and beehive plants. 


PREPARATION 


Washed and Unwashed.— The cleaning 
of coals prior to carbonization has become 
an almost universal practice. It is done to 
lower the ash and sulfur contents of the 
coals carbonized, thus ensuring a higher 
quality coke. Wet processes usually are 
employed; hence, the term “washed” coal 
is used, as opposed to “unwashed” coal. 
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Ninety-six percent of the coal charged 
into slot ovens and 94 percent of that car- 
bonized in beehive ovens in 1967 was 
washed. Although less coal was carbonized 
at oven-coke plants than in 1966, approxi- 
mately the same percentage of the total 
was cleaned because oven-coke plants ob- 
tained their coal requirements from the 
same sources. Beehive plants carbonized 
less coal also, and likewise consumed 
virtually the same percentage of cleaned 
coal as in 1966. 

The production of increased quantities 
of coal by modern mining methods has 
resulted in the cleaning of larger per- 
centages of the coal shipped to coke plants 
and, in 1967, 96.2 percent of all coals car- 
bonized was washed. The bulk of the un- 
washed coals, which were produced mainly 
in Pennsylvania and West Virginia, had 
low ash and sulfur contents and did not 
require cleaning. Detailed data on the use 
of washed and unwashed coals in the 
various States are shown in table 29; 
trends in the use of washed and unwashed 
coals are presented in table 30. 


Blending.— The production of high- 
quality coke requires the use of coal with 
certain special characteristics. Since all of 
the desired properties are not inherent in 
an individual coal, it becomes necessary to 
blend coals, exploiting the most favorable 
traits of each in a carefully balanced mix- 
ture. Thus, coals are selected and com- 
bined in order to improve the chemical and 
physical properties of the coke, control the 
pressure developed in slot ovens during 
carbonization, regulate the yield of prod- 
ucts, and broaden the use of inferior coals. 
The usual procedure followed is to blend 
relatively small proportions of low-volatile 
coal with high-volatile coal. The exclusive 
use of high-volatile coals would result in 
a weaker coke and lower yields. The addi- 
tion of low-volatile coals improves the 
yield and the physical structure of the 
coke. However, restrictions on the propor- 
tions of low-volatile coals used are neces- 
sary because they are highly expanding 
and, if used alone or in large proportions 
in the coal mix, would damage the oven 
walls when coke was discharged from the 
ovens. Some plants add medium-volatile 
coals or other materials, such as anthracite 
or coal-tar pitch, to their high- and low- 
volatile coals. The addition of medium- 
volatile coals can regulate the volatile mat- 
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ter in a mix to the desired content, while 
anthracite and coal-tar pitch are used to 
impart special properties to the resulting 
coke. 

Some coals are unsuitable for the pro- 
duction of coke because they contain ex- 
cessive amounts of sulfur. These coals still 
may be utilized to some extent if they are 
blended with low-sulfur coals. This is per- 
missible if the low-sulfur coals compensate 
for the excess in the high-sulfur coals, 
maintaining the total sulfur at a level no 
higher than normally used for the pro- 
duction of coke of high quality. 

The relative quantities of high-, med- 
ium-, and low-volatile coals blended by 
coke producers are fairly constant, with 
little variation from year to year at in- 
dividual plants. From plant to plant, how- 
ever, a wide range of blends is employed. 
In 1967, high-volatile coals were car- 
bonized most extensively in West Virginia 
and the Far West, while Minnesota and 
Wisconsin used fairly large percentages of 
low-volatile coals. The largest proportions 
of low-volatile coals were used at merchant 
plants to improve the strength of the 
foundry coke which makes up the bulk of 
their output. Table 31 shows the average 
volatile-matter content of the coals car- 
bonized at oven-coke plants, and table 32 
shows the volatile-matter content of the 
coals received by oven-coke plants in the 
various States. 


SOURCES 


Although 22 States produced bituminous 
coal (excluding lignite) in 1965, only 10 
shipped coal to coke plants. Of this 
number, five States (Alabama, Kentucky, 
Pennsylvania, Virginia, and West Virginia) 
supplied 92 percent of the total. The re- 
mainder was supplied by Colorado, Illinois, 
New Mexico, Oklahoma, and Utah. 

Of the coals received by oven-coke 
plants, 37 percent was produced in West 
Virginia and 31 percent in Pennsylvania. 
West Virginia shipments were principally 
low-volatile coals from McDowell County, 
and  high-volatile coals from Logan, 
Marion, and Fayette Counties. Pennsyl- 
vania shipments were principally high- 
volatile coals from Washington, Greene, 
and Allegheny Counties, and low-volatile 
coals from Cambria County. 

Illinois supplied more than 1.5 million 
tons of high-volatile coal to coke plants in 
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Illinois and Indiana. This coal was blended 
with larger proportions of high-rank East- 
ern coals that were shipped principally 
from Kentucky, Virginia, and West 
Virginia. 

Most of the coals carbonized in Cali- 
fornia, Colorado, and Utah were produced 
in the latter two Western States. In most 
instances, plants in the Western States also 
received shipments of West Virginia low- 
volatile coals that were used for blending. 
Tables 33 and 34 show the origin of the 
coals received by oven-coke plants in 1967. 


Captive Coal.—The coke industry re- 
ceives more than 60 percent of its coal 
from company owned or affiliated mines. 
This is known as “captive” coal and 
ordinarily does not move in commercial 
channels but is mined as needed by the 
coke-producing companies. 

Most of the captive mines are owned 
by iron- and steel-producing companies. 
In 1967, 61.9 percent of the total coal 
received by furnace plants was captive. 
Merchant plants received 36.4 percent of 
their coal from company owned or aff- 
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liated sources. Table 35 shows the quan- 
tities and percentages of captive coal 
received by oven-coke plants for 1967 and 
several prior years. 


STOCKS 


Producer's month-end stocks of bitumin- 
ous coal at oven-coke plants rose steadily 
from January through June, then dropped 
abruptly in July, when a lull is to be ex- 
pected because of the curtailed production 
at most bituminous-coal mines. Thereafter, 
stocks again maintained a steady ascent, 
and on December 31, 1967, were 19 per- 
cent higher than at the end of 1966. The 
quantity retained by merchant plants was 
sufficient for an 86-day supply at the De- 
cember rate of production; furnace plants 
retained a 57-day supply. 

Stocks of anthracite amounted to 157,- 
000 tons at the end of 1967, an increase 
of 16 over those of 1966. 

Tables 36 and 37 show month-end stocks 
of bituminous coal and anthracite at oven 
coke-plants. 


COAL CHEMICALS 


The term “coal chemicals" refers to the 
chemical materials recovered from the 
volatile matter released during carboniza- 
tion. Normally, three basic materials— 
ammonia, tar, and light oil—are recovered 
at oven-coke plants through a series ol 
complex condensation and absorption proc- 
esses. The remaining material, which is 
rich in hydrogen and methane, is called 
coke-oven gas. Except for ammonia, which 
is recovered as an aqueous solution or con- 
verted to a salt and sold as produced, the 
basic materials are in most instances fur- 
ther processed to yield a number of pri- 
mary organic chemicals or chemical mix- 
tures of which the most important are 
benzene, toluene, xylene, solvent naphtha, 
crude chemical oil, creosote oil, pitch, and 
pyridine. Although most oven-coke plants 
in the United States are equipped to proc- 
ess tar and light oil, the extent to which 
individual plants produce the various prod- 
ucts depends upon economic conditions 
and a number of other factors. 

Yields of the basic, as well as the pri- 
mary, chemicals vary somewhat with the 
kind of coals carbonized, carbonizing tem- 
peratures, and operating techniques and 


equipment, but approximately 315 pounds 
of coke-oven gas, 90 pounds of tar, 20 
pounds of light oil, and 5 pounds of am- 
monia are recovered for each ton of coal 
carbonized. In standard units of measure 
these quantities amount to about 10,500 
cubic feet of coke-oven gas, 10 gallons of 
tar, and 3 gallons of light oil. Ammonia is 
recovered as ammonium sulfate at most 
operations, and the yield per ton of coal 
is approximately 20 pounds. Data on pro- 
duction and sales of basic chemical mate- 
rials and derivatives at oven-coke plants 
in 1967 are shown in table 38. 

Table 39 shows the heating value and 
coal equivalent of products other than coke 
produced at oven-coke plants. Although 
the quantities vary from year to year, most 
of the changes were due to differences in 
the amount of coal carbonized, rather than 
fluctuations in yields. In terms of heating 
value, the products, not including coke, re- 
covered in 1967 were roughly equivalent to 
the heating value of about one-fourth of 
the coal carbonized in slot ovens. Table 40 
shows average values for the chemicals 
and surplus gas used and sold, compared 
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with the unit values of the coke and breeze 
produced, from each ton of coal carbonized. 


COKE-OVEN GAS 


Coke-oven gas is one of the primary co- 
products recovered in the carbonization of 
coal in slot ovens. After tar, ammonia, and 
light oil have been removed from the gas- 
eous streams, coke-oven gas remains as the 
final product. Because it has a high 
calorific value producers use most of it as 
fuel for heating coke ovens and other 
steel- and allied-plant furnaces. Small 
quantities are also sold for distribution 
through city mains and other industrial 
uses. 

Generally, between 9,300 and 11,000 
cubic feet of gas is produced for each ton 
of coal carbonized at high temperatures in 
slot ovens. This equals from 14 to 16 per- 
cent of the weight of the coals. In 1967, 
the yield of gas was 10,490 cubic feet per 
ton of coal, a decrease of 4 percent from 
the 1966 yield, due largely to lower 
yields in the far Western States and 
Indiana. 

About 36 percent of the output was used 
at the plants to heat coke ovens. Gas used 
otherwise is called surplus gas and was 
used by producers to fire boilers, trans- 
ferred to steel or allied plants to heat open- 
hearth and other metallurgical furnaces, 
and sold for industrial use or distributed 
through city mains. A small part of the 
production was wasted because storage 
facilities at most plants are limited and the 
gas was burned in the atmosphere when 
production exceeded demand. 

Furnace plants consumed almost all of 
their own surplus gas, mostly in steel and 
allied plants. Only 30 percent of the sur- 
plus gas at merchant plants was used by 
the producers. The rest, except for the 
small amount wasted, was sold commer- 
cially for distribution through city mains 
and for industrial use. The bulk of the 
furnace-plant gas sales were to industrial 
plants. Table 44 shows the quantities of 
various gases used to heat ovens in each 
State and the total gas consumption, in 
terms of coke-oven gas equivalent. Coke- 
oven gas was the principal fuel used for 
heating slot ovens, but blast-furnace gas, a 
mixture of coke-oven and blast-furnace 
gases, and natural gas were also used. Over 
400 billion cubic feet of coke-oven gas 
equivalent was so consumed, of which 84 
percent was coke-oven gas; 15 percent was 
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blast-furnace gas; and the remainder was 
natural gas and producer gas. 

Surplus coke-oven gas used and sold in 
1967 was valued at $138 million. This 3- 
percent decrease from the 1966 value was 
due to the overall lower quantity, as the 
average value per thousand cubic feet actu- 
ally increased slightly. No value is reported 
by producers for coke-oven gas used to 
heat coke ovens, but applying the average 
value of $0.228 per thousand cubic feet 
reported for surplus gas to the gas used 
for underfiring, the total value of all coke- 
oven gas used and sold in 1967 would be 
$216 million. This value is equivalent to 
nearly one-fourth of the total value of the 
coal carbonized. 


COKE-OVEN AMMONIA 


Coal carbonized at high temperatures 
releases nitrogen, which oven-coke opera- 
tors recover as either ammonia liquor, a 
weak solution of ammonia (about 7 grams 
per liter of solution), or as a crystallized 
solid (ammonium sulfate and diammonium 
and monoammonium phosphate). This am- 
monia must be removed prior to further 
processing of the gas because it would 
otherwise form corrosive salts which would 
damage equipment or if allowed to be re- 
leased as a waste material would create 
stream pollution problems. 

Most of the coke-oven ammonia is re- 
acted with sulfuric acid to form ammonium 
sulfate. In 1967, 48 plants used 88 per- 
cent of the total ammonia recovered to 
produce 738,000 tons of ammonium sul- 
fate, and another 5 percent was treated 
with phosphoric acid to produce 41,000 
tons of diammonium phosphate at three 
plants. Ten plants recovered ammonia 
liquor, and eight recovered no ammonia 
products at all. 

Table 45 shows production and sales of 
ammonia products and yields in 1967 in 
terms of sulfate equivalent. Compared with 
1966, the yield of ammonia declined less 
than 1 percent, but overall output dropped 
3 percent because of the smaller quantity 
of coal carbonized. 

Sales of ammonium sulfate decreased 16 
percent and, since this amounted to only 
93 percent of the production, stocks of this 
material rose 52 percent. Ammonia liquor 
sales were about the same as in 1966 but 
were not equal to production, and stocks of 
liquor also increased. The average value 
per ton, f.o.b. plant, of ammonium sulfate 
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increased $1.23 per ton to $26.87, and 
the average plant values of diammonium 
phosphate and ammonia liquor, decreased 
$3.62 per ton and $6.32 per ton, respec- 
tively. The total value of all ammonia 
products sold was $23 million, equivalent 
to 8 percent of the total value of all coal- 
chemical materials used or sold. 

Although the sale of ammonia products 
returned coke-oven operators $23 million 
in 1967, coke-oven ammonia represented 
only about 2 percent of the estimated 12.1 
million tons of ammonia output from all 
sources. More than 90 percent of the out- 
put was synthetic anhydrous ammonia, 
produced from natural gas. The remainder, 
except for the sulfate and liquor produced 
at coke plants, was synthetic ammonium 
sulfate, produced as a byproduct of the 
chemical industry. 


COAL TAR AND DERIVATIVES 


Crude coal tar is a black, viscous mix- 
ture of complex organic compounds that 
condense from the volatile matter when it 
is cooled. Most of the tar is recovered in 
collecting mains at the ovens when the 
gas is cooled by spraying with ammonia 
liquor; the remainder is recovered princi- 
pally from the primary coolers when the 
gas undergoes further cooling. 

All oven-coke plants produce tar. How- 
ever, yields of tar vary widely among 
plants; in 1967 they ranged from 3.62 to 
11.48 gallons per ton of coal carbonized, 
and averaged 8.53 gallons. Generally, from 
4 to 5 percent of the weight of the coals 
carbonized is recovered as tar. High-vola- 
tile coals evolve a larger percentage of tar; 
hence, California, Colorado, Utah, West 
Virginia, and Pennsylvania, which used 
the most high-volatile coal in their blends, 
had the highest tar yields. Conversely, 
plants using higher percentages of low- 
and medium-volatile coals and anthracite, 
such as those mainly producing foundry 
coke, had the lowest yields. 

Production of coal tar at oven-coke 
plants in 1967 decreased 3 percent from 
1966 principally because less coal was 
carbonized. The average yield of tar, how- 
ever, remained at 8.53 gallons per ton of 
coal, the same as in 1967. Table 46 shows 
the quantities of tar produced, used by 
producers, sold, and in stock in the various 
States at the end of 1967. 
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Coke-plant operators used 54 percent 
of the tar produced in 1967. Of this 
quantity, 69 percent was processed (re- 
fined or “topped”), 30 percent under- 
went no processing and was burned for 
fuel, and 1 percent was used for miscel- 
laneous purposes, such as tarring ingots, 
road materials, and tar paints. The remain- 
ing 46 percent of the production was sold, 
principally to tar-distilling plants which 
refined it to produce many tar derivatives. 

Ten coke plants processed tar in 1967 
of which 7 plants topped their tar. In so 
doing, the low-boiling distillate fraction, 
consisting mainly of tar acids, bases, and 
naphthalenes, is separated from the crude 
tar. The residue, or soft pitch, is usually 
burned as fuel. Furnace plants in particular 
benefit from this procedure because they 
can sell the distillate and retain the pitch 
for use as fuel in open-hearth furnaces. 
This reduces the amount of other fuels that 
normally have to be purchased. However, 
the relative quantities of tar topped and 
burned, as well as the quantities sold, de- 
pend upon a number of economic factors, 
such as the availability and current market 
prices of tar, tar distillates, and other 
substitute fuels. All of the merchant-plant 
tar production was sold because these 
plants have no use for the pitch which 
makes up the bulk of the products re- 
covered through topping. 

The majority of the plants that proc- 
essed tar in 1967 recovered only crude 
chemical oil and a residual tar or soft pitch. 
However, some of the larger plants re- 
covered a number of other tar derivatives, 
including creosote oil, cresylic acid, cresols, 
naphthalene, phenol, pyridine, and medium 
and hard pitch. Statistics on some of these 
products could not be shown in this report, 
but the data were transmitted to the U.S. 
Tariff Commission which published them, 
along with similar data from tar distillers 
and petroleum refiners, in monthly and 
annual reports on synthetic organic 
chemicals. 

The total value of crude coal tar and 
derivatives used and sold in 1967 was 
$90.8 million, a decrease of 4 percent from 
the value of 1966, and nearly 10 percent 
of the total value of the coal carbonized. 


CRUDE LIGHT OIL AND DERIVATIVES 


Light oil is a light-colored liquid, com- 
posed of a number of aromatic hydrocar- 
bons, that is extracted from the gas after 


398 


tar, ammonia, and, in some instances, 
naphthalene, have been removed. Crude 
tar also contains a small amount of light 
oil, but this usually is not recovered by 
coke plants. Virtually all light oil produced 
at coke plants is recovered by an absorp- 
tion process in which the gas is sprayed 
with a higher boiling petroleum oil as the 
sas stream is channeled through absorption 
towers. After recovery, light oil is separated 
from the absorption oil by direct steam 
distillation. Approximately 3 gallons of 
light oil, equal to 1 percent of the weight 
of the coal, is recovered for each ton of 
coal carbonized. Yields vary, of course, 
with the kinds of coals carbonized and wit 1 
operating conditions, but an average of 
2.84 gallons of light oil was recovered at 
the plants that extracted light oil in 1967. 
Most plants recover light oil, but a few 
plants which find it uneconomical to re- 
move the light oil, leave it in the gas to 
be burned as fuel. 

Of the 66 active oven-coke plants, 56 
recovered light oil. Yields per ton of coal 
decreased slightly at both furnace and 
merchant plants and total production 
decreased 4 percent from that of 1966 be- 
cause a smaller amount of coal was carbon- 
ized. Yearend stocks increased approxi- 
mately 700,000 gallons, but the amount on 
hand on December 31 was equivalent to 
only a little less than 2 weeks’ production. 
Producers continued to sell an increasingly 
larger part of their output, and only 61 
percent of the light oil produced was re- 
fined on the premises, or in affiliated 
plants, compared with 68 percent in 1966. 
The large increase in light-oil sales in 
recent years is attributed principally to the 
inability of some plants to produce deriva- 
tives, particularly benzene, that meet the 
more rigid specifications established for 
these products. Such plants sell light oil 
to petroleum-refining companies which 
process it along with petroleum fractions 
into benzene and a number of other chem- 
ical intermediates. Data on light oil and 
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total derived products produced and sold 
in the various States are shown in table 47. 

In the older light-oil-refining facilities at 
coke plants light oil is refined by frac- 
tional distillation at atmospheric pres- 
sures, but in plants built in recent years, 
catalytic-pressure refining is employed to 
produce benzene, toluene, xylene, and sol- 
vent naphtha. As with other coal-chemical 
materials, yields vary somewhat, but ap- 
proximately 85 percent of the light oil 
processed is recovered as salable products. 
Average yields of benzene and toluene de- 
creased slightly in 1967, while the average 
xylene and solvent-naphtha yields in- 
creased. Average yields for 1967 and prior 
years are shown in table 48. 

Table 49 shows the quantities of the 
various grades of benzene and toluene pro- 
duced at coke plants, while table 50 shows 
the principal light-oil derivatives produced 
and sold and yields of the various products 
by State. Roughly, 96 percent of the ben- 
zene and most of the toluene was specifica- 
tion grade. In past years large amounts of 
motor-grade benzene were produced for 
use in gasolines to increase their antiknock 
properties, but new  petroleum-refining 
techniques have virtually eliminated this 
use for benzene, and only a small quantity 
of motor-grade benzene was produced in 
1967. Although coke-oven light oil was the 
principal source of benzene until 1950 and 
the source of virtually all toluene and 
xylene until World War II, it now supplies 
only a small part of the total output of 
these products. Áccording to preliminary 
data published by the U.S. Tariff Com- 
mission, only 10 percent of the benzene, 3 
percent of the toluene, and 1 percent of 
the xylene was produced by coke-oven 
operators in 1967. These products now are 
derived principally from petroleum, 
although a part of the production credited 
to tar distillers and petroleum processors 
was derived from coke-oven light oil that 
was sold by producers to petroleum proc- 
essors for refining. 


TECHNOLOGY 


Research and development work on coal 
carbonization throughout the world in 
recent years has centered on reducing 
carbonizing costs, improving coke quality, 
providing better working conditions, and 
increasing oven productivity. Progress has 
been made in all of the major coke-pro- 


ducing countries in automating certain 
aspects of coke-oven operations, partic- 
ularly in connection with coke and coal- 
handling facilities. More attention has 
been given to the development of equip- 
ment to reduce atmospheric and stream 
pollution. Much work has been done on 
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developing methods or processes of produc- 
ing metallurgical coke from noncoking 
coals. As an indication of the worldwide 
interest in the various unconventional proc- 
esses for producing metallurgical fuel, at 
the International Congress on Coke held 
in Charleroi, Belgium, September 19-22, 
1966, there were 10 papers from eight 
countries discussing experimental and pilot- 
plant work that was underway on this sub- 
ject in the various countries. 

Although there are some differences in 
the approaches used in the various uncon- 
ventional processes, they all have one 
major objective which is to manufacture 
satisfactory solid products from coals de- 
ficient in coking power and therefore un- 
suitable for the production of metallurgical 
fuel. Such processes, therefore, are attrac- 
tive to countries lacking adequate supplies 
of coking coals, and research and develop- 
ment work can be expected to be con- 
tinued in these countries. All of the re- 
search efforts on coal carbonization, how- 
ever, have not been devoted to uncon- 
ventional processes, as there have been 
some significant accomplishments in the 
construction and operation of conventional 
coke ovens. Probably the most outstand- 
ing development of the past several years 
has been the construction of high-capacity 
or large coke ovens. In the United States 
the construction and operation of five high 
or tall ovens (18 feet 9 inches) at an 
eastern coke plant in 1966 was followed 
by the beginning of construction of a 
number of full-size batteries of high or tall 
ovens ranging from 45 to 78 in number. 
These ovens range in height from about 
16.5 feet to 19 feet and on the average 
have about 60 percent greater volume than 
the usual 13-foot high ovens. More im- 
portant, however, is that the new high 
ovens are capable of increasing coal 
throughput about 75 percent because of 
faster coking rates that are easily attain- 
able. This substantial increase in volume in 
coking rate is due to improved refractories 
that permit higher oven temperatures. In 
addition to the improvement in coke-oven 
refractories, the new ovens have incor- 
porated better heating designs for uniform 
heating from bottom to top, and many 
other new operating techniques. Because 
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of the great interest in larger ovens, the 
25th Ironmaking Conference sponsored by 
the Metallurgical Society of the American 
Institute of Mining, Metallurgical and 
Petroleum Engineers devoted an entire 
session to prepared papers and discussions 
on high coke ovens.* This conference was 
held December 5-9, 1966, in Philadelphia, 
Pa., and papers on all sessions including 
the one on high ovens are given in the 
proceedings for that year. 

One aspect of coke-plant operations on 
which there is much concern throughout 
the world is in the area of air and stream 
pollution. In order to obtain information 
on what measures are being taken in the 
various countries to reduce air pollution 
from coke plants, the Coal Committee of 
the Economic Commission for Europe 
(ECE) appointed an ad hoc group of 
experts on coking in 1965 to obtain the 
above information. A compilation of the 
data submitted was made by this group 
and the results summarized in a report 
issued early in 1968 by the United Na- 
tions. This study covered only air pollu- 
tion caused by coke-oven operations. Air 
pollution resulting from the operation of 
the chemical departments of coke plants is 
being considered for the next study. 

Bureau of Mines research during 1967 
was devoted principally to fundamental 
studies on both high-temperature (1,800° 
F) and low-temperature carbonization of 
coals and lignite, including process devel- 
opment and the identification and classifi- 
cation of chemicals in low-temperature tar, 
and a variety of other investigations involv- 
ing the use of coals and coke for the pro- 
duction of coke. A brief summary of the 
work is contained in the review of Bureau 
of Mines and program for 1967 which also 
cites references to the individual studies 
and reports.“ 


3 Coke in Iron and Steel Industry. First 
Technical Session, Proc. Internat. Co Con- 
gress. Charleroi, Belgium, September 19-22, 


1966, pp. 42-153. 
4 AIME. Ironmaking Proceedings, V. 25, 1967, 
Commission for Europe, 


pp. 25-57. 

5 Economic Coal 
Committee. Air Pollution by Coke Plants. 
United Nations, New York, ST/ECE/Coal/26, 
1968, 65 pp. 

8 Spencer, John D. Review of Bureau of 
Mines Coal Program, 1967. BuMines Inf. Circ. 
8385, 1968, pp. 59—65. 
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Table 2.—Statistical summary of the coke industry in the United States in 1967 ! 


Slot ovens Beehive ovens Total 
Coke produced: 
At merchant plants: 
Thousand short tons 6,220 (2) (2) 
Value (thousand) $147,931 (2) (2) 
At furnace plants:? 
Thousand short tons 57,555 (2) (2) 
Value (thousands) RET $963 , 131 (2) (2) 
Total: 
Thousand short tons 63,775 806 64,580 
Value (thousands) $1,111,062 $12,111 $1,123,173 
Breeze produced: 
Thousand short tons 4,025 21 4,046 
Value (thousand $29 , 034 $44 $29 ,079 
Coal carbonized: 
Bituminous: 
Thousand short tons 90,900 1,372 92,272 
Value (thousands) 3910, 897 $8,201 $919,098 
Average per ton ------------------2--------—- $10.02 $5.98 39.96 
Anthracite: 
Thousand short tons Soo 528 
Value (thousands) $5,624  ........... $5,624 
Average per ton... d $10.65 ........... $10.65 
Total: 
Thousand short tanks 91,428 1,372 92,800 
Value (thousands) $916,520 $8,201 $924,722 
Average per ton.________..____---_-_---- $10.02 $5.98 $9. 
Average yield in percent of total coal carbonized: 
ORG osc ENDE 69.75 58.72 69.59 
Breeze (at plants actually recovering) 4.40 7.01 4.41 
Coke used by producing companies: 
In blast furnaces: 
Thousand short Gong 53,304  ..........- 53,3 
Value (thousands) $892,205  .......... $892,205 
In foundries: 
ousand short tonsg -22-22222222 349 _.... . . . À - 8 
Value (thousands) $11,640 ........... $11,640 
For other industrial uses: 
Thousand short tong -22-2-2222 JJ 2222202 363 
Value (thousands): 7 '7ſe c.l... 86,857 — --- 36, 857 
Breeze used by producing companies: 
In steam plants: 
Thousand short tons 591d 594 
Value (thousands 33,9gg99m).:t!. 33, 999 
In agglomerating plants: 
Thousand short tons 1, 9 1, 695 
Value (thousands) $11,594 seele 311, 594 
For other industrial uses: 
Thousand short tons DIT else ees 517 
Value (thousands) $3,393 22520 8 $3,393 
Coke sold (commercial sales): 
To blast furnaces: 
Thousand short Gong... 3,244 565 3,809 
Value (thousands) $52,856 $8,458 $61,314 
Average per ton _--------------------------- $16.29 $14.97 $16.10 
To foundries: 
Thousand short tons 2,845 17 2,862 
Value (thousands). `. $92,176 $215 $92,391 
Average per ton $32.40 $12.34 $32 
To other industrial plants: 
Thousand short tons gg 1,189 222 1,412 
Value (thousands) $20,415 $3 , 427 $23 , 842 
Average per ton 2.2 n $17.16 $15.41 $16.89 
For residential heating: 
Thousand short tong 85 (4) 85 
Value (thousands)____________..___----_-----~- $1, gf! (4) $1,477 
Average per ton „ $17. (4) $17.35 
Breeze sold (commercial sales): 
Thousand short tons 1,229 21 1,250 
Value (thousands zz 310, 532 344 310, 576 
Average per ton $8.57 $2.10 $8.46 


See footnotes at end of table. 
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Table 2.—Statistical summary of the coke industry in the United States in 19671—Continued 


Slot ovens Beehive ovens Total 


Coal-chemical materials produced: 


Crude tar: 
Thousand eallong . 780,834  ........... 180,334 
Gallons per ton of coaaaaaaaalnnn eee 8.00. ua Desi 8.58 
Ammonia:5 
Thousand short tons 881. 834 
Pounds per ton of eognl ]]! 18.68 ........... 18.68 
Crude light oil: 
Thousand gallons................................... 252.198 —8 252,188 
ë Gallons per ton of coal... ....... LL LLL c Le ccs cssc c 2.04. 2222an 2.84 
88: 
Million cubic feet 959,359 ..........- 959,359 
Thousand cubic feet per ton of coal..................- 10.49 ³·o 10.49 
Percent burned in coking process 35.6888 8 35. 62 
Percent surplus used or sold___ 2020--aanaMaaM 63.17. Sien sus sa 68.17 
Percent was ted EE 1.21 


Value of coal- chemical materials used or sold: 
Crude pe and derivatives: 


I ede olen ³ꝛ m eee at ee thousands. . 329,0⸗ 44? 329, 045 

C6 iini y A 99 361,77 . ---- $61,707 
Ammonia products 333. do $23,262 . $23,262 
Crude light oil and derivatives ) do.... 340,28 $40,286 
Surplus pás -o Lo se ⁰ aL ge do.... $138,279  ........... 3138, 279 


1 Data may not add exactly to totals shown due to independent rounding. 

3 Not separately recorded. 

3 Plants associated with iron-blast furnaces. 

Combined with coke sold To foundries” to avoid disclosing individual company data. 

5 In terms of sulfate equivalent. 

6 Includes ammonium sulfate, ammonia liquor (NH; content), and diammonium phosphate. 
7 Includes intermediate light oil. 


Table 3.—Summary of oven-coke operations in the United States in 1967, by States ! 


Coal Yield Coke Value of coke 
Plants in carbonized of coke produced at ovens 
State existence (thousand from (thousand ——————————————— 
Dec. 31 2 short coal short Total Per ton 


tons) (percent) tons) (thousands) 


Alabama- 66222 ec 7 7,782 70.23 5, 465 392,200 516.87 
California, Colorado, Utah 3 5,112 60. 18 3, 076 80, 607 26. 20 
Connecticut, Maryland, New Jersey, 

New orf? cece cee 6 12,164 69.76 8,486 145,989 17.20 
Illinois PE yee ee EEN 6 3,422 68.99 2,961 47,708 20.21 
Indiana___ ß ees 5 11,871 69.85 8,293 134,803 16.26 
Kentucky, Missouri, Tennessee, Texas. . 5 „764 72.52 2,004 94,240 17.08 
Michigan 3 4,496 13.59 3,309 60,165 18.18 
Minnesota and Wisconsin 3 1. 269 75. 53 958 22, 512 23.49 

ö; eee eee 8 13 11,520 70.15 8,081 138 , 962 17.20 
Pennsylvania 12 26, 248 70.22 18,433 295, 882 16. 05 
West Virginia 3 4,781 69.21 3,309 57,995 17.53 

Total 18. eco ee 66 91,428 69.75 63,775 1, 111, 062 17.42 
At merchant plants 16 8,649 71.92 6,220 147,931 23.78 
At furnace plants. 50 82, 780 69.53 57,555 963,131 16.73 
Total 1966 --------------- 66 94,037 70.14 65,959 1,144,181 17. 85 


1 Data may not add exactly to totals shown due to independent rounding. 
3 Excludes plants retired permanently during year. 


402 MINERALS YEARBOOK, 1967 


Table 4.—Summary of beehive-coke operations in the United States in 1967, by States! 


Coal Yield Coke Value of coke 
Plantsin carbonized of coke produced at ovens 
State existence (thousand from (thousand 
Dec. 31? short coal short Total 
tons) (percent) tons) (thou- per ton 
sands) 
Pennsylvania 8 574 60. 19 346 34, 913 $14.21 
Kentucky, Virginia, West Virginia 8 797 57. 65 460 7,197 15. 65 
Total: 
1961. ose 16 1,372 58.72 806 12,111 15.08 
LEE 15 2,369 60.89 1,442 21,867 15.16 


1 Data may not add exactly to totals shown due to independent rounding. 
2 Excludes plants retired permanently during year. 


Table 5.—Production of oven and beehive coke in the United States, by months ! 2 
(Thousand short tons) 


1965 1966 1967 
Month Daily Daily Daily 
Total aver- Total aver- Total aver- 
age age age 
Oven coke: 
SE AC EE 5,626 182 5,205 168 5,457 176 
KebrüBl). tee 5,149 184 4,915 176 5,000 172 
Marth- ß a E aS 5,755 186 5,621 181 5,557 179 
April: sccdoue nC 8 5, 598 186 5,422 181 5,316 177 
IJ eaan a a EE 5,806 187 5,696 184 5,398 174 
SEENEN , 59 186 5, 550 185 5,102 170 
Nee 5,623 181 5, 704 184 5,108 165 
AUGUBE eege ÉL LE 5, 573 180 5, 736 185 5,209 168 
Septen sce e 5,230 174 5,534 185 5,155 172 
October 2. oe ee geed 5,179 167 5,626 182 5,413 175 
Novembberrrrr eee 4,949 165 5,447 182 5,418 180 
Deeember rr 5,124 165 5,504 178 5,647 182 
nD OLA fo ecg Se et u ctu u n I Q 65,198 179 65,960 181 63,775 174 
Beehive coke: 
danua yo suu se us ee 179 6 99 8 116 4 
Fehl ge o t cose 163 6 99 4 89 8 
Mapeo; gaa uy umu ³⁰ mm AA eee 197 6 115 4 60 2 
Ill 8 163 6 108 4 57 2 
"n NR EMT Dc CR NR MERECE 149 5 113 4 56 2 
LEE EES 177 6 121 4 53 2 
Jüly eege 159 5 102 3 46 1 
/ ˙”ͥuàD ⁰ successes 165 5 140 5 58 2 
Septenbe n cece etek 90 3 142 5 54 2 
% /// ĩ ⅛“́1? ꝛ%ꝛ˙²-ĩ) AE uai Lit 74 2 141 5 72 2 
Novmberrrrr .. .-....-- 65 2 135 5 72 2 
December EEN 78 8 126 4 13 2 
Petr ³ð ee 1, 657 5 1,442 4 806 2 
Total 
%%%] ] ũ !.. Be es 5, 805 187 5, 304 171 5, 573 180 
Fehr!!! pi mense ded 5,313 190 5,014 179 5,089 175 
March ER 5,953 192 5,736 185 5,616 181 
Fl 8 5, 756 192 5, 530 184 5,374 179 
BY oe acs eases SEPT UNE 5,955 192 5,809 187 5,455 176 
JUS: c vr i RU. UA EU LU i 5,766 192 5,671 189 5,154 172 
DUNG o kk! ³ðVös 8 5,782 187 5, 806 187 5,153 166 
UCBs oon 8 ð ! y ee 5, 738 185 5, 876 190 5,267 170 
Septemberrr.rrr LLL lll l Lll. 5,320 177 5,676 189 5,209 174 
o eee eee 5,259 169 5,767 186 5,485 177 
Novemberrrr 5,014 167 5, 582 186 5, 486 188 
December 5,202 168 5, 631 182 5, 720 185 
rr iuueni 66, 855 183 67, 402 185 64, 580 176 


1 Data may not add exactly to totals shown due to independent rounding. 
3 Daily average calculated by dividing monthly production by number of days in month. 
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Table 6.—Production of oven coke in the United States, by type of plant ! 


(Thousand short tons) 


1965 1966 1967 
Month Mer- Furnace Mer- Furnace Mer- Furnace 
chant plants chant plants chant plants 
plants plants plants 
Production: 
JONUOPY EE 571 5,055 542 4,663 558 4,899 
February.................-.-.....-- 522 4,628 496 4,419 495 4,505 
//ôôö§ö§ĩêÜO[ʒrööĩ] ]« ke ⁵⁰⁰ oes 598 5,157 565 5,056 545 5,011 
ADI 52e hd adc eer u 564 5,029 540 4,882 517 4,799 
MAY EEN 577 5,229 547 5,149 528 4,870 
DUNC o6 m ccc LE eL edili 549 5,041 520 5,029 511 4,591 
July Lo scu puc UI Eee 559 5,064 540 5,165 499 4,608 
ANGUS bit oce ⁵ yy Sua ass 553 5,020 544 5,193 511 4,697 
September... 528 4,702 524 5,010 490 4,665 
OGetsse ge 551 4,628 512 5,114 521 4,892 
November 544 4,405 505 4,942 515 4,898 
December... 557 4,567 544 4,961 528 5,119 
T7 ˙Ä EE E A 6,673 58,524 6,377 59,583 6,220 57,555 
Daily average: 

Januar 18 163 18 150 18 158 
Februar 19 165 18 158 17 155 
/ EE 19 166 18 163 18 162 
ADP e oe yt ae 19 168 18 163 17 160 
Aker eta ea E 19 169 18 166 17 157 
Jas 18 168 17 168 17 153 
IôÜ¹³ ⁰¼mg ek 18 163 17 167 16 149 
/ u ĩðͤ—u Lr hae 18 162 18 168 16 152 
September______. +--+ -- 18 157 18 167 16 156 
October.. --.----------------------- 18 149 17 165 17 158 
November... 18 147 17 165 17 163 
December 18 147 18 160 17 165 
Average for year_______ 18 160 18 163 17 157 


1 Data may not add exactly to totals shown due to independent rounding. 


Table 7.—Production of oven coke and number of plants in the United States, by type of 


plant 
Number of Coke produced Percent of 
active plants 1 (thousand production 
Year short tons) 


Merchant Furnace Merchant Furnace Merchant Furnace 
plants plants plants plants plants plants 


[gc . 17 47 6,336 54, 573 10.4 89. 6 
133d. K € ——! 17 48 6, 673 58, 524 10.2 89. 8 
ff vy ͤ ose us 16 50 6,377 59, 583 9.7 90. 3 
1% 8 16 50 6,220 57,555 9.8 90.2 


1 Includes plants operating any part of year. 
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Table 8.—Production of coke in the United States, by States ! 


(Thousand short tons) 


State 1964 1965 1966 1967 
Oven coke: 
Pe WAIN G2 hee 4,689 5,491 5,409 5,465 
California, Colorado, Uta 2,936 8,187 8,218 8,076 
Connecticut, Maryland, New Jersey, New York.......... 7,68 8,428 8,640 8,486 
)))kkkkk.,ößv 88 2, 299 2, 504 2, 577 2,861 
Indiana Ee 8,170 8,315 8,421 8,293 
Kentucky, Missouri, Tennessee, Texas. ................- 2,059 „074 1. 966 2, 004 
RO MT EE ³ ͥ y nl DRE 3, 908 3,979 3,755 3,309 
Minnesota and Wisconßinnss cL 2l 2222. 9 1,118 1,205 958 
| è RT M PPP ĩͤ ( VEE OETA 7,24 1,669 8,515 8,081 
Pennsylvahid- ß ß ede e i 17,594 18,912 18,691 18,483 
West VITEIDIB uo ͤ . t LS 3, 390 3,521 3, 562 8,309 
Total... neclllem tac u d EA 60,908 65,198 65,959 63,715 
Beehive coke: 
Pens ien... eig b ehe dcc 880 610 846 
Kentucky, Virginia, West Virginia 777 . 888 460 
Total cone pff c UL EE 1,236 1,657 1,442 . 806 
Grand total on x cero iae ⁰ Arte 62,145 66,864 67 , 402 64,580 


1 Data may not add exactly to totals shown due to independent rounding. 
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Table 10.—Oven- and beehive-coke breeze used and sold in the United States, by uses 


(Thousand short tons) 


Used by producers 


Average 
Year In In agglom- For other Sold value 
steam erating industrial per ton 
plants plants use 
1964 HEEN 632 1,764 434 1,116 $7.44 
J 8E 642 1.744 427 1,312 7.56 
1900 aise ee et eee 644 1,873 505 1,172 7.27 
1901. 5.2: 25:4 ͥ ( hs cs er 594 1,695 517 1,250 8.46 
Table 11.—Apparent consumption of coke in the United States 
(Thousand short tons) 
Consumption 
Net Apparen 
Total Im- Ex- change con- In iron All other 
Year produc- ports ports in sump- furnaces ? purposes 
tion stocks tion 1 —— 
Quan- Per- Quan- Per- 
tity cent tity cent 
EY — ——— n 62, 145 103 524 —913 62,637 57,063 91.1 5,574 8.9 
117 EE 66, 854 90 834 +781 65,379 59,072 90.4 6,307 9.6 
EE 8 67,402 96 1,102 +876 66,019 59, 637 90.8 6,388 9.7 
% 5 u uyu LEX , 580 92 710 +2,390 61,572 56,205 91.8 5,367 8.7 


1 Production plus imports minus exports, plus or minus net change in stocks. 
2 American Iron and Steel Institute; figures include coke consumed in manufacturing ferroalloys. 


Table 12.—Coke and coking coal consumed per short ton of pig iron and ferroalloys 


produced in the United States 


Coke per 


short ton of 

Year pig iron and 

ferroalloys ! 
(pounds) 
1964 EEN 1 6 
RE 1,329.5 
EEN 1,300.6 
LEE 1, 8 


Coking coal 
Yield of per short ton 
coke from of pig iron and 
coal ferroalloys 
(percent) pounds, 
culated) 
69.6 1,901.7 
70.1 1,896.6 
69.9 1,860.7 
1,850.2 


1 American Iron and Steel Institute; consumption of pig iron only, excluding furnaces making ferroalloys, 


was 1,310 pounds in 1964, 1,312 in 1965, 1,282 in 1966, and 1,262 in 1967. 
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Table 14.—Beehive coke produced in the United States, used by producers, and sold in 
1967, by States 1 


(Thousand short tons and thousand dollars) 


Commercial sales 


Produced To blast- 


To foundries 
State furnace plants 

Quantity Value Quantity Value Quantity Value 

Pennsylvania... 346 $4,913 278 $4,085 16 $186 

Kentucky, Virginia, West Virginia. 460 7,197 ? 287 3 4,374 32 3 29 
Total: 

LEE 806 12,111 565 8,458 17 215 

9 ee es 1,442 21,867 4971 18 , 269 12 189 

Commercial sales—Continued 
To other For residential Total 
industrial plants heating 

Quantity Value Quantity Value Quantity Value 

Pennsylvania.......................- 52 $643 (5) (5) 346 $4,913 

Kentucky, Virginia, West Virginia. 170 2,784 (5) (5) 459 7,188 
Total: 

e a 222 3,427 (5) (5) 805 12,100 

% AA te 486 7,810 8 97 1,427 20,864 


1 Data may not add exactly to totals shown due to independent rounding. 
3 Excludes Kentucky. 


3 Virginia only. 
* Includes small quantity used by producers. 
5 Combined with coke sold To foundries” to avoid disclosing individual company confidential data. 
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Table 15.—Distribution of oven and beehive coke and breeze in 1967 1 


(Thousand short tons) 


Coke 
Consuming State To blast- To To other For Breeze 
furnace foundries industrial residential Total 
plants plants heating 

aba aa 3, 586 285 51 6 3, 928 366 
ohhh ðùZ 1 %%%. | DP weasels 

Arkansas..... « TERRE 2 2. lx rcu (3) 
California.. -2-2 -----ħMM 1,229 55 LEE 1,313 69 
Ser.. ð v ĩð hee 621 11 30 8 2 69 
Conneetieuu!k edes 25 43 5 73 35 

Delaware: ³⅛ K mernd ß 8 (3. . tse (3) (3) 
Lat TEE 2 82 (3) 85 31 

GOOMi8 2 ⁵ð³ . 8 14 3 1 17 (3) 
Tda hO secda e % (3) 166 ........ 167 20 
rr eee eset o 4,242 227 98 4 4,570 297 
Indians ee 7,426 170 78 8 7,683 525 

J;öÜ—⅜ꝛ( ee 88 87 2 (3) 9 (3) 
e ES REN 12 i E 1 
ebe e deene 998 20 70 9 1,098 116 

Louisiana.. 9 1 DA. e 

JJJ77.ôö§Ü5ĩ ] ð e ¼x a 2 10 1 I ee! 
Mn K ĩ 88 3, 594 22 8 3, 622 117 
Massachusetts 34 1 10 45 geit 
ROT EE 3,905 721 135 1 4,762 131 
Minnesota 354 24 16 1 25 

Mississippi- ii. (3) J 1 (3) 
rn EE ⁰ 8 21 49 (3) 70 2 
Montana_.... ee, “nec 1 88 47 8 
NebraskH-. u 2. soe eee Gegend ¿SOS 6 88 11. 2222 

eege itched, , ( uoti. (3) 
New Hampshire . 1 8 
New Jersey 75 38 19 132 36 

New ei Ad edem. uso: eden: (39) . -----.--- 3 Q) 
New rk ¾ x ð v 3, 595 142 52 12 3,802 288 
North Carolina.. 14 16 1 80 

North Dakota... 222 ct . ee 8 20 d. ueste 28 (3) 
Ü.. AAA 8 8,762 394 203 1 9,360 454 
Ar; he Xii Bie shee, E 5 1 
FFP uel Aere pei Las 5 20 u. 5 
Pennsylvania 14, 054 239 175 (3) 14,467 772 
Rhode Island... .................-..-  -.-..- 12 (3) 1 IS. Zb eege 
South Carolina 10 23 (3) 83 12 
South Dakota. ))) E E S ute 
Tennesse 1 62 78 1 143 121 
"Texas... mwmr v u 8 747 78 17 (3) 842 66 
Pl oe eae eee 997 7 AT ccs 1,021 67 
Vermont... ce eee, Sete 2 1 L.  — 4. zz. 2 
Val, et EE 14 71 52 (3) 138 3 
Washington 4 3 7 4 
West Virginia 2, 776 11 Ai Q sc 2,814 278 
Wiscon einn 163 1 4 168 45 

Wom ins Sashes (3) A alin oe 4 (3) 
Ke CC HEEN 56,911 3,060 1,661 85 61,717 3,995 
Esported 2. Lll llll cllc 202 152 114 (3) 468 61 
Grand Lotal 57,114 3,212 1,774 85 62,185 4,056 


1 Based upon reports from producers showing destination Bud principal end use of coke used and sold. 
nce not include imported coke which totaled 92,000 tons in 196 
3 Data may not add exactly to totals shown due to independant rounding. 


5 Less than Le unit. 
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Table 16.—Producers’ stocks of coke and breeze in the United States on Dec. 31, 1967, 
by States ! 


(Thousand short tons) 


Coke 
Residen- 
State Blast tial Breeze 
furnace Foundry heating Total 
and 
other 
Oven coke: 
Alabami. L d T ccleseceweecscs 1,092 13 21 1,126 64 
California, Colorado, Uta g 259. une eee 259 43 
Connecticut, Maryland, New Jersey, New York..... 619 30 154 803 842 
TN EE 68 ......- (2) 68 24 
kt CH, EE EE 381 20 10 411 43 
Kentucky, Missouri, Tennessee, Texas 81 30 21 132 23 
Michigan. n eco ce lee wes y LED 129 6 (2) 185 55 
Minnesota and Wisconsin.. 106 45 32 184 53 
e . ea Ga aa 424 5 28 452 140 
Pen ⅛ ¼oG -k k E SE 1,783 46 30 1,860 210 
West Virginie 88; 8 38 2 
Total hh a 4, 980 197 290 5,467 1, 000 
At merchant olsnta l... . -a 12 178 261 506 161 
At furnace plants 4,908 24 29 4,961 838 
Total 1906... l uuu ³ðK ESI SO. umu 2,841 128 110 3,078 905 
Beehive coke: 

PennsUlvahlü:. eegal, ` eegen ↄð§i ̃ ꝰↄ D) ̃ T I. ditatus s 

Kentucky, Virginia, West Virginia 1 1 (2) 1 (2) 

Total: 
KEE 1 1 (3) 1 (3) 
KEEN (2) (2) 1 


1 Data may not add exactly to totals shown due to independent rounding. 
3 Less than Le unit. 


Table 17.—Producers’ month-end stocks of oven coke in the United States 
(Thousand short tons) 


Reg At merchant plants At furnace plants Total 1 
ont ———  —— —TDOKAh; — ——— — — 
1966 1967 1966 1967 1966 1967 
Januar 242 231 2, 548 3,018 2, 789 3,249 
February................-....-- 192 232 2,504 3,156 2,696 3,388 
nee EE E E E 185 254 2, 442 3,273 2,627 3,527 
d BEE 173 267 2,172 3,465 2,945 3, 732 
üV ZU M nf 8 157 277 2,009 3,687 2,166 3,963 
Ml ee 141 299 1,939 4,051 2,080 4,350 
EIN 197 396 2,061 4,371 2,258 4,766 
üg! ote et 210 421 2,228 4,595 2,438 5,016 
September....................- 220 453 2,856 4,824 2,575 5,277 
October- -_.-.------2----------- 207 467 2,428 4,972 2,635 5,439 
November 200 477 2,621 5,022 2,821 5,499 
December 215 506 2, 863 4,961 3,078 5,467 


1 Data may not add exactly to totals shown due to independent rounding. 
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Table 18.—Average value per short ton of coke produced in the United States and average 
receipts per short ton from coke sold (commercial sales) 


Y Value per ton produced Receipts per ton sold 

ear EE ² ; d EE 
Oven Beehive Total Oven Beehive Total 
coke coke coke coke 

rr DEE EEN $17.80 $15.04 $17.74 $20.73 $15.00 $20.04 

EE 16.89 14.97 16.84 21.68 14.96 20.63 

193ffè ð ee ee a ee 17.35 15.16 17.30 22.22 14.60 21.11 

1j... 8 17.42 15. 03 17.39 22.67 15.03 21.92 


Table 19.—Average receipts per short ton of coke sold (commercial sales) in the United 
States, by use 


Oven coke Beehive coke 
Year To blast- To To other For To blast- To To other For 
furnace  foundries industrial residential furnace  foundries industrial residential 
plants plants ! heating plants plants 1 heating 
1964. 315.54 $30.43 $15.79 $16.28 $14.34 $17.54 $15.68 $7.83 
1965...........- 16.46 30.94 16.41 17.12 14.45 15.40 16.12 10.72 
196 16. 33 31. 75 16. 90 17.39 13.58 15.30 16.77 11.97 
1957... 8 16.29 32.40 17.16 17.35 14.97 12.34 15.41 (1) 


1 Includes water-gas plants. 
3 Combined with value of coke sold To foundries” to avoid disclosing individual company confidential data. 
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Table 20.—Coke exported from the United States, by country and by customs district 


1965 1966 1967 
Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 
Country: 
Argentina „ 12, 420 %o 
ustralg 850 193 $3 152 $3 
Bolivia... eto ee 89 134 2 34 2 
BUI! ecd 6,053 162 12,91 4 7,144 248 
TT TEEN 603,248 12,452 854, 637 18, 165 439 , 853 10,562 
SD A 8 7 28 220 10 1 

Eeuador-Zzu—aI—a—-ꝛpꝛp 75 2 242 4. peels eee 
NOG 2 oe eset ee sees 2 733 16 1,420 Be. E 
AAA aoan 581 10 275 15 21,312 392 
Aby eee 120 3 176 Ad: coche, abe oees 
Mexien ----------------- 58 ,006 1,436 124,146 8,154 162 , 022 4,142 

Netherlands... 75 7 35,996 807 627 
Nigel! 8 114 12 60 ;ÜöÜ 8 
Panama... . 103 2 106 2 55 1 
POM os.ce ese sce cee cet 7,733 127 36 2 49 2 
Philippines 980 Ji: EE 148 2 
Rumanig --.---.-------- 59, 627 BOG) ee e uU ee ͤ ((( cM EE E 
lll ` e ewe cmd 18,510 J ³¹W⁴³ | dee dace 
United Kingdom 673 13 4 1 
enezuela. a.. 81,816 1,137 51,448 798 77,807 1. 103 
GA! ee oo 90 5 434 14 99 18 
Total u. . l. ul ea 833,668 16,307 1,102,166 23,415 710,380 16,492 

Customs district 

Baltimore 1,311 30 766 18 544 13 
Budlalo.. v 8 403, 120 8, 305 499, 695 10, 784 238, 578 5,751 
Chicago 27, 541 365 6,2 088. Lu nocere bus ec 
Denne! 127,932 2,715 186,505 4,087 144,771 3,282 
Duluth... ee uu u 1,178 82 3,043 ,190 108 
Galveston. nn 1,289 %». ES 114 2 
Great Falls 1,169 43 710 20 360 12 
Houston... ns Su SS 7,070 224 8,746 136 
e 57,301 1,416 123, 378 8,127 161,102 4,120 
Los Angeleg: eel medendi ED SII x Gio SS 151 390 
Mobile 17,792 290 909 54 47,048 672 
New Orleans 525 29 603 42 784 16 
New York City 2,269 67 4,765 167 2,931 81 
Ogdengburg. -------------- 19 ,850 357 50,420 975 16,413 316 
Pembuna --.--.-------------- 15,350 438 23,290 689 26,191 737 
Philadelphia 145, 255 1, 863 70,952 1,255 80,483 427 
Port Arthur 8,306 85 2,204 71 1,653 53 
Portland, Oregon 550 A! et DOE 
St. Albans J A A 700 24 2,220 93 
San Diego 494 14 629 20 458 10 
San Francisco 35,694 269° udis dne 
Seattle 6, 628 187 14, 016 430 8,130 262 
Other: loo ee es 808 17 607 18 503 11 
dies POSENT MT MENU E 833 , 668 16,307 1,102,166 23,415 710,380 16,492 
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Table 21.—Coke imported for consumption in the United States, by country and by 
customs district 


1965 1966 1967 
Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 
Country: 
Canada... uu. coke Evo EUR 87,724 $1,193 92,281 $1,464 87,549 $1,295 
E KEE 80 9 
Germany, Wes 1,733 176 3,099 286 8,650 826 
Mies... 49 CCC 
Netherlands 114 9 70 9 638 72 
Switzerland... .. 311 BL cette. iust 
TOC WEEN 89,620 1,379 95,761 1,790 92,001 1,704 
Customs district: 

Hufaloz.. cun . ua 12,250 57 9,967 51 8,115 88 
Dire ⁵ĩðVäß Oa 108 3 57 1 30 1 
Galveston. ˙ͥi ] ä m ³ Jeweled c 152 15 
Great Falls 59, 158 873 64, 762 1,113 64,795 1,138 

Honolulu.......................- 330 11 495 330 

PIOUS (ON c. oue ⁵ d ENEE 

New Orleans 1,408 165 2,985 309 8,388 861 
New York City.................- 114 7 ³Ü ³ K IAE 
(Oedensburg. ------------------- 472 16 139 5 10,000 40 
Pembina... ceca , , aana 79 Oo lcs alee se iu 
Portland, Maine 57 1 76 2 35 1 

St. Alban 51 1 82 (1) 44 
San JUAN L aie are. AA! EE ͤ c masus 482 18 
i . . E 15,677 243 17,169 291 4,614 78 
lll 8E 89, 620 1, 379 95,761 1,790 92,001 1,704 


1 Less than 1⁄4 unit. 
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Table 22.— World production of oven and beehive coke (excluding breeze), by countries! 


(Thousand short tons) 


1 Compiled mostly from data available June 1968. 


3 Includes breeze and a small amount of gashouse coke. 


3 Including breeze. 
* Includes a small amount of low-temperature coke. 


5 Year ended March 20 following that stated. 


Country 1963 1964 1965 1966 1967 » 
North America: 

anada 2x2 adu uud bs cae 88 4,281 4,343 4,369 4,426 4,430 
Meg66 EEN 843 866 908 1,247 NA 
United States 54,278 62,145 66,854 67,402 64,580 

South America: 
Argenting. 2. ~~~ ee eee 347 497 508 e 507 NA 
Bray... nc eewecretsexmt euis r 946 1,005 r 1,002 r 1,367 1,444 
Chile S e occur ³ÄW¹ 274 271 235 e 220 NA 
Colombia: s 8 441 463 480 856 NA 
3a? ENERE = ee eee eee 42 29 80 89 45 
Europe: 

///» ee uml 1,801 1,773 1,706 1,625 1,551 
Belgium_____._. e enc 7,941 7,969 8,084 7,673 7,559 
DBulgarig; 22 ee eee 141 519 808 e 827 NA 
Czechoslovakia 10, 250 10, 385 10, 468 r 10,433 NA 
Finland... in liie Ee SEE er 33 e r 33 5 42 44 
Frane EE 14,842 15,439 14,781 r 14,244 13,922 
Germany 

East. EE r 3,596 r 9,746 r 3,537 r 9,517 3, 585 
West. JFF!!! cet ee r 46,180 r 47,785 r 47,723 r 43,971 38,851 
Hungearx. SA 728 133 708 712 708 
Ü . A eee ae 5, 065 5,162 6,324 r 6,908 6,885 
Netherlands J... 2 22. -- 4,701 4,976 4,723 4,219 3,653 
Norway....- iuter ir loa Sia ue 8 119 r 222 r 254 e 265 
Poland cuu a K ĩ r 14,025 r 14,358 r 14,544 r 14,855 e 15,100 
Rumaniasas 1,258 2 1,251 1,216 1,323 
ni BEEN 8,034 2,832 r 3,052 3,082 3, 180 
Sweden 378 413 413 r 551 e 595 
LS S R; 3 Qu ů½ Z . ĩͤ A eee 70,408 79,063 74,364 e 74,800 e 76,100 
United Kingdom 17,408 18,982 19,159 18,051 17,180 
Yugoslavia. _ -_----e- 1,112 1,200 1,271 1,353 1,344 
Africa: 
Rhodesia, Southern 101 143 e 110 3 204 NA 
South Africa, Republic of.. 2,520 2,636 8,521 8,174 NA 
Asi United Arab Republic e 39 e 39 266 e 276 NA 
sia: 
China, mainland ¢_____________._.__--- 16,500 16,500 17,600 18,700 13,200 
India ) OR Dp ,09 8,667 9,457 9,370 ° 11, 
Iran €& c Lc hh eo . iu gd 22 2 28 28 NA 
e EEEE A E E A 13,300 15,098 16,536 18,775 23,473 
Korea, North 1,300 1,500 r 1,700 r 1,700 ,000 
NK EEN r 219 r 224 z 232 r 234 e 228 
Turkey JJ EEN 907 947 1,370 1,285 NA 
Oceania:* 
Australia......... PPP 3,192 3,408 3,413 8,566 4,025 
New Zealand 7 7 NA 
OCG oe uuu 8 r 310, 564 *329,560 r341,799 * 341,166 316,270 
e Estimate. p Preliminary. r Revised. NA Not available. 


6 mes of coke made from imported coal for use in nickel smelter in New Caledonia is not reported. 
7 Total is of listed figures only; no undisclosed data included. 
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Table 23.—World production of gashouse, low- and medium-temperature coke (excluding 
breeze), by countries 1 2 


(Thousand short tons) 


Country 3 1963 1964 1965 1966 1967 » 


North America: 
United States, retort, low- and medium- 


temperature 160 203 149 168 163 
South America: 
PAG oo ee AAA ee oe e 314 e 309 241 247 226 
leede, 109 91 e 89 NA NA 
Ié TTT 23 23 22 28 28 
Europe 
AA AA 2..->-----0 M t 364 r 358 t 317 t 247 235 
Czechoslovakia: 
ashouse..... ð De et 497 337 r 351 r 228 NA 
ill Bek ʒ ee py 2,330 2,126 1,866 r 1,954 NA 
Denmark r 557 r 467 r 363 r 349 295 
, . LL cll. l- e t 149 er 127 121 127 106 
France 
Gasbhouge anaana 152 67 22 15 10 
Low- temperature 299 326 266 274 217 
Germany: 
a Lignite 4. __ -2-2-2 r 8,342 r 8,386 r 8,093 r 8,072 e 8,102 
est: 
Gashouse.... geed Seid Gr 5,390 5,415 4,578 3,942 3,163 
Ei. 8 66 657 637 599 434 
Greeseseses se ed s See s 23 18 19 NA NA 
Hungary; o o d eL ee Ue ee 585 517 565 r 659 NA 
Ireland GENEE r 141 r 144 r 141 r 116 e 88 
DUCI S uns URDU MO HERR 199 597 425 r 975 349 
Luxembourg 40 31 14 II 
Netherlands v .i 195 120 108 66 20 
OPW ZLQ ³ ˙mꝛ ꝛ ewe ce s r 54 25 r 25 r 11 e 11 
Poland 
Gasbouge oe 1,274 r 1,318 r 1,393 r 1,421 e 1,433 
Low- temperature 280 276 287 e 276 e 276 
Portugal... emnt occu Spee ch d a 28 1111 ³ AA ĩ dioxide 
Spain La 8 219 198 97 78 57 
Sweden. 628 606 584 r 601 e 562 
Seitzerland LL l.l cll lll- 582 517 498 342 303 
United Kingdom...................... 10,938 9,900 8,691 r 8,066 6,821 
Yugoslavia.. ...........-.-. 2... 2.2... 19 19 15 t 12 e 11 
Africa: 
III ³¹Ü5ß³ĩ i ˙¹ .K ⁰³ 0m CE LEE 66 44 39 28 28 
South Africa, Republic off 139 148 178 194 NA 
re United Arab Repub li 39 39 44 55 NA 
sia: 
Hong Kong gz 17 14 14 11 10 
India: 
Gashouse S Ls LLL c css 119 16 71 e 73 e 77 
Š Low-temperature__...... 2,525 2,436 2,811 e 2,425 e 2,756 
apan: 
Gasbouse 2... 2 LL Lll 2. 2. 3,719 4,102 4,045 4,093 4,591 
Low-temperature .. 83 77 77 72 72 
Taiwan... ͤ ł́cor 8 r 37 r 51 r 50 r 50 e 50 
Turkey: 
Gas house 186 191 128 196 NA 
Low- temperature 87 87 79 79 NA 
Oceania: 
Auslass. ceded ees r 892 r 859 r 826 er 827 NA 
New Zealand e. s r 88 r 76 r 74 NA NA 
TOU ec ee ace sss dE r 48,099 r 41,389 r 38,413 r 36,382 30,489 


e Estimate. P Preliminary. r Revised. NA Not available. 

1 Gashouse coke unless otherwise specified. 

2 Compiled mostly from data available June 1968. 

3 Production data for Ceylon, China, Malaysia, Mexico, Rumania, and U.S.S.R. are not available. 
* Includes high-temperature coke. 

5 Includes breeze. 

€ Year ended March 31 of year following that stated. 

7 Total is of listed figures only; no undisclosed data included. 
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Table 24.—Quantity and value at ovens of coal carbonized in the United States in 1967, 
by States ! 


Coal carbonized Coal per ton 
of coke 


State Value | 
Thousand ————— Short Value 
short tons Total ) Average tons 


thousands 
Oven coke: 
EOD Yo ans ⁵ð K 9 7,782 $77 , 453 $9.95 1.42 $14.17 
California, Colorado, Utah..................... 5,112 63,333 12.39 1.66 20.59 
Connecticut, Maryland, New Jersey, New York.. 12,164 143,356 11.79 1.43 16.89 
ine LEE oum A 3,422 32,056 9.37 1.45 13.58 
Indiahanc cce cn uec ecco er DE 11,871 127,385 10.73 1.43 15.36 
Kentucky, Missouri, Tennessee, Texas 2,764 26,499 9.59 1.38 13.22 
Mill: i A ees 4,496 46,358 10.31 1.36 14.01 
Minnesota and Wisconsin 1,269 14, 666 11.56 1.82 15.30 
n ß a a 11, 520 106, 595 9.25 1.43 13.19 
Pennsylvania. 26,248 241,540 9.20 1.42 13.10 
West Virginia 4,781 87,280 7.80 1.44 ' 11.27 
Total ids)... EE 91,428 916,520 10.02 1.48 14.37 
At merchant plante 8,649 89,410 10.34 1.39 14.41 
At furnace plant 82, 780 827,111 9.99 1.44 14.37 
Total 1963 8 94, 037 919,271 9.78 1.43 13.94 
Beehive coke: 
Pennsylvania. 574 3, 794 6. 60 1. 66 10.97 
Kentucky, Virginia, West Virginia. 797 4,408 5.58 1.78 9.59 
Total: 
19672. eee ee ee ees 1,372 8,201 5.98 1.70 10.18 
19660 öO: ⅛ oN et 23, e 2,369 13,040 5.50 1.64 9.08 


1 Data may not add exactly to totals shown due to independent rounding. 


Table 25.—Bituminous coal carbonized in coke ovens in the United States, by months ! 


(Thousand short tons) 


1966 1967 
Month — ———————————— 
S'ot Beehive Total Slot Beehive Total 

January 226s N 7,377 161 7,539 7,760 199 7,959 
hr Eege 7,041 160 7,201 7,109 152 7,261 
March: 3 guys sc ee a mS ec deri 7,988 188 8,176 7,890 103 7,993 
ROC u ecu umar yuana Sa 7,645 175 7,820 7,520 99 7,619 
BY eae ete eee ee ses eee ee E 8,080 185 8,265 7,754 96 7,850 
PI MET 7,951 200 8,151 7,251 90 7,341 
JUI v cca ee esL y eee 8,049 169 8,217 7,308 78 7,381 
M c L L Gere 8 8,084 238 8,321 7,444 98 7,543 
September 7,833 233 8,066 7,358 93 7,452 
Ge Geesen dee geg 7,975 231 8,205 7,728 120 7,848 
November 7,718 222 7,940 7,731 122 7,853 
December. rr 7,783 208 7,991 8,056 122 8,179 
///CöÜ·Ü;¹̃ y ae cote ya 93,523 2,369 95,892 90,900 1,372 92,272 


1 Data may not add exactly to totals shown due to independent rounding. 
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Table 26.—Anthracite carbonized at oven-coke plants in the United States, by menths 


(Thousand short tons) 


Month 1964 1965 1966 1967 

JJC EE 42 41 45 48 
TEE 39 37 41 48 
ET EE 42 46 46 46 
vi BEE 41 43 43 46 
ö SS uuu ⁰⁰y y 8 41 42 42 45 
FC ͥ ͥͥͥͥͥͥJ—T—W—W—W—T0—T—V́TTT eee’ 40 40 45 42 
///%⁵%õ%³5[. ũ ] ẽq Q. 6 k wt y 8 43 36 39 37 
KETTEN 35 41 40 48 
e Ee 42 41 41 42 
CUO OT or ß ß ass 43 46 44 40 
November.... ccce nee en wee we ee NR eee 42 46 45 46 
CCOM EE 42 47 45 44 
OUR he Fate ae z ] ³ Ä 492 507 515 528 


1 Data may not add exactly to totals shown due to independent rounding. 


Table 27.—Value of coal and products per short ton of coal carbonized in the United States 


Oven coke Beehive coke 
Value per ton of coal 

value ky — —ʃ — 
Year of coal Coal- Value Value 
per ton Coke Breeze chemical Total of coal per ton 
produced produced materials per ton of coal 

used or 
sold 1 

877 T E EATA $9.28 $12.43 $0.30 $3.34 $16.07 $5.32 $9.18 
KEE 9.51 11.89 KI 3.36 15.55 5.41 9.21 
EE, 9.78 12.17 .29 3.29 15.75 5.50 9.23 
11%. E 10. 02 12. 15 32 3.20 15.67 5. 98 8.88 


1 Includes value of surplus gas used and tar and pitch-of-tar burned. 


Table 28.—Average value per short ton of coal carbonized at oven-coke plants in the 
United States, by States 


State 1964 1965 1966 1967 

SINT, NEEN $7.75 $9.74 $9.84 $9.95 
California, Colorado, Utah 12.59 12.46 12.68 12.39 
Connecticut, Maryland, New Jersey, New York 11.24 11.10 11.51 11.79 
oO MERI ee tare ddd/%ddJd/dd/d/%/d/%//d% E E E E E 9.23 9.04 9.28 9.37 
Il eee we eee ERO UE Par. 10.02 10.08 10.36 10.73 
Kentucky, Missouri, Tennessee, Texas... ................-....- 9.35 8.97 9.10 9.69 
II ³ðWꝗiAi. ³ ³ ( ense elt eem E EM S 9.86 9.85 10.14 10.81 
Minnesota and Wisconsin 10. 73 10. 67 11.37 11. 56 
C ⁰Q MMA pas Z k D a a en ts 9.00 8.86 8.93 9.25 
Pennsylvania... )))) dd een hows 8.09 8.54 8.91 9.20 
West Virginia__ eebe a M 7.66 7.74 7.72 7. 80 
c eee eee 9.28 9.51 9.78 10.02 
Value of coal per ton oe v ce te o sed de 13.29 18.51 13.94 14.37 
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Table 29.—W ashed and unwashed coal carbonized in the United States in 1967, by States 
in which used ! 


(Thousand short tons) 
Bituminous coal Anthra- Grand 


State — cite total 
Washed Unwashed Total 


Oven coke: 
KËNT TEEN e 7,742 40 7,782 
California, Colorado, Utah................... 4,903 209 Bile. hte tase 5,112 
Connecticut, Maryland, New Jersey, New York. 10,419 1,671 12,090 74 12,164 
J Ill 018 uoo cafes e Air 2,914 499 3,413 10 3,422 
U ĩÜ¹Ü¹6¹wwſſͥſ ⁰ ⁵¼m ⁵ eee 11,807 18 11, 825 47 11, 871 
Kentucky, Missouri. Tennessee, Texas. 2,325 384 2,709 54 2,764 
MichigW/aa nnn 4,404 ........ 4,404 98 4,496 
Minnesota and Wisconsin 1,226 ` 2.- 1,226 43 1,269 
81 EE EE 8 11,052 372 11,424 95 11,520 
Pennsylvania nn eebe 25, 897 278 26,175 73 26,248 
West Virginia. 4,781 _ 4 781: J. u... 4,781 
Tee ⁵³ð¹A/ é 87, 470 3,431 90, 900 528 91,428 
At merchant plants 8,101 116 8,217 431 8,649 
At furnace plants 79,368 3,314 82,683 97 82,780 
e a sae Baw cee 90,434 3,089 93,523 515 94,037 
Beehive coke: 

Pennsylvania.. --.-------------0--0-------0 520 55 yf E 574 
Kentucky, Virginia, West Virginia. 767 30 TIT yusa sus 797 

Total 
));ö·ô ⅛ «k y See eee 1,287 85 1,912. 222 1,872 
1966.1 xz, d ee 2,220 148 2,369 ' 8 2,369 


1 Data may not add exactly to totals shown due to independent rounding. 


Table 30.—Washed and unwashed bituminous coal carbonized in the United States ! 


(Thousand short tons) 


Washed coal Unwashed coal 
Total Percent 
Year In In In In coal of total 
slot beehive Total slot beehive Total carbonized washed 
ovens ovens ovens ovens 
19644. . 82, 443 1,813 84, 255 4,289 213 4,502 88 , 758 94.9 
19855 8 88, 890 2,179 91, 068 3, 196 514 3,710 94,779 96.1 
1966. ..........-.-. 90,434 2,220 92,654 3,089 148 3, 238 95,892 96.6 
19 4 87,470 1,287 88 , 756 3,431 85 3,516 92,272 96.2 


1 Data may not add exactly to totals shown due to independent rounding. 


Table 31.—Average volatile content of bituminous coal carbonized by oven-coke plants in 
the United States ! 


High Medium Low Total 

Year Thousand Volatile Thousand Volatile Thousand Volatile Thousand Volatile 

short content short content short content short content 

tons (percent) tons (percent) tons (percent) tons (percent) 
1964. 58,012 35.2 11,152 25.9 17, 569 17.5 86,732 30.4 
1965... 8C 61,725 35.2 11,'/91 25.9 18,570 17.8 92,086 30.5 
1966. ........... 63,061 34.6 10,395 26.2 20,067 17.8 93,523 30.1 
1967 59,787 35.1 12, 470 26.4 18, 644 18.2 90, 900 30.4 


1 Data may not add exactly to totals shown due to independent rounding. 
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Table 32.—Coal received by oven-coke plants in the United States in 1967, by consuming 
States and volatile content 1 2 


(Thousand short tons) 


High- Medium- Low- 
volatile volatile volatile 
—— — — —  s—PDh,ƏVÑuN-,  o——.LYC Total 
Consuming State Per- Per- Per- coal 


Quan- cent Quan- cent Quan- cent receipts 
tity of tity of tity of 


total total total 

, ß aaa a a a 1,131 14.2 6,144 77.2 681 8.6 7,956 
California, Colorado, Urah 4,159 82.9 788 15.7 70 1.4 5,018 
Connecticut, Maryland, New Jersey, New York... 9,576 74.7 546 4.3 2,699 21.0 12,821 
r ß 2,359 68.7 325 9.5 750 21.8 3,434 
III ³Üͤ-A . 8 7,185 59.1 2,131 17.5 2,848 23.4 12, 164 
Kentucky, Missouri, Tennessee, Texas `` 1,478 53.8 461 16.8 810 29.4 2,749 
Michigan o ³˙wwd% y a. 3,119 66.1 128 2.7 1,469 31.2 4,716 
Minnesota and Wisconsin 676 45.8 136 9.2 663 45.0 1,475 
ONO EE 8,749 75.9 223 1.9 2,551 22.2 11,524 
Pennsylvania.. 18,178 66.2 1, 558 5.7 7,719 28.1 27,455 
West Virginia 3,873 81.9 120 2.5 735 15.6 4,728 
Total 1901.5: A ee a 8 60,484 64.3 12,559 18.4 20,997 22.3 94,040 

At merchant plants 4,056 47.5 1,259 14.7 3,229 37.8 8,545 
At furnace plants 56,428 66.0 11,299 13.2 17,768 20.8 85,495 
Total 1966. .... -2 -------2--2------------ 61,745 65.5 10,319 10.9 22,300 23.6 94,364 


1 Volatile matter on moisture-free basis; High-volatile—over 31 percent; medium-volatile—22 to 31 percent; 


and low-volatile—14 to 22 percent. 
2 Data may not add exactly to totals shown due to independent rounding. 
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Table 33.—Origin of coal received by oven-coke plants in the United States in 1967, by 
producing county and volatile content ! 


(Thousand short tons) 


Volatile content ? 


State and county where coal was produced Total 
High Medium Low 
Alabama: 
BID sss oe tee tee LU et tU 162. 4c Rego 162 
E, EE 310 55 200 5, 730 
ö; ² dd dy saw Oa uu ir BO) Geen Sarees 30 
Colorado: | 
r d a 668 ........ .......- 668 
ËTT WEEN 1:0602- £2. drëtte 1,062 
CÄ̃ÜZi⁵ y ß è k. ĩð v 8 EK" gebr, b Slee (3) 
La 4615 ........ 4615 
ois: 
Bran kins z; c lupa ans hun Shake WA. athleta 1,032 
DOM GFHOD EE 645) 26455455 “Asoc 645 
Nan ³ ³ d ys Dee ¿Fe e ö; eege 263 
;/ ³o -w y y ZQ SS VV 21 
Kentucky: 
z ß a JT 2,162 
III! ½½ ᷣ ò ⁰y i k 8 8522 uuu 2,852 
ée ³o²˙¹¹wo0 E Loo LE LI ⁰ E der i. TFT lle oe t 3 
F ͥ ͥ ee bn eee JJ... 8 547 
öõöĩ§' ¶ ¶ dd LE LE E nus 5,383 EZ 5, 386 
New Mexico: CGolfax ` 607 222s 8 607 
Oklahoma: 
Haskell: eet eats LN GEN 207 
Le Flore apt as uec Efi . d a. e 108 108 
bo 2. EE 135 eesti. Zt t 135 
Pennsylvania: 
Anthracite anette ee ee Ee EMSS: Ví re L tau 421 421 
Bituminous: 
Allegheny___ nscclcwomn S nEesc2ller4es22552 /// uec ds 2,908 
Cambria l zo Shi E le e ERA 315 8,099 8,414 
ORV CCC css; u ZG su he Ss Li AL E 162° ui 8 16 
Grener- e 22m ⅛˙m ee y y eee e 2- 6,078 
Somerset a u am ee hm; ð -dddͥ LU Ed HEEN 678 67 
Washington: U Ll 19,504 geeiert 8 13, 564 
Westmoreland. .................- 222222 lll 22-22 SONG EES 1,917 
FCC) ſ¼— ĩł᷑ũe ⁰ ee e E n 1.929. eet, 8 1,823 
Virginia: 
Buchanan. ege ee ee le A. I LM 199 442 643 1,284 
DCC ³Ü¹wiꝛi;öĩÄ oea ae os AAT: Qu Shu cc 447 
Russell... 22.2.9 0] ³¹w-w-w-rr v 88 911 1 VAN 2,333 
777; hart EE 15734. 1,734 
h ee eee ee eee eee E ET E uL AIO. nins lm ug s 713 
West Virginia: 
Hong cornu e tls ß 1.496. Scil oeu enun 1,496 
Fayette uu eR ts Lace LU E 2,444 39 647 3,131 
Green e EENEG D AE 112 
FFC ee i Je ee eee eee 1.0608. x: eet ee 1,068 
7% %%%ſͤ%½%ᷣ»ͤ%V˙6 ⅛⁰»⁰- mw w Pic DS ea aa 4,885 Geet, 8 4,885 
Neo. ðy ĩ 342 10, 316 10, 658 
%%%»; “.“!——.———ẽÄw m ͤ 88 77öÜ 2,954 
, ß EE . sence eg 713 713 
JJ;;õ—ö;5 s k x y I Den ELLE / A 1,612 
Nicholas- o lou he ee ee ee eine 853 1,121. 225: 1,974 
Rali b v ..,... Ae t de EQ aant 44 1,559 1,604 
Wayne 2 Tu no e CIA ͥ⁰ mmm. fene 2061. Jose 26 
Webster SZ ee ee Ad ` sales 40 —-— 40 
7õÜõĩ³!I«%⁶Ss᷑ĩsꝛß7᷑?.,, 8 563 439 2,813 3,816 
Total. clu ee vd é AA ee machas 60,484 12,559 20,997 94,040 


1 Data may not add exactly to totals shown due to independent rounding. 
2 Volatile matter on moisture-free basis: High-volatile—over 31 percent; medium-volatile—22 to 31 percent; 


and low-volatile—14 to 22 percent. 
3 Less than 14 unit. 
* Includes small quantity imported from Canada. 
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Table 35.—Quantity and percentage of captive coal received by oven-coke plants in the 
United States 1 


(Thousand short. tons) 


At merchant plants At furnace plants Total 
Year Total Captive coal Total Captive coal Total Captive coal 


eoa] | —F PTT coa — — coal — — — 
received Quantity Percent received Quantity Percent received Quantity Percent 


1964... ....... 9,208 3,172 34.5 81,129 53,265 65.7 90,336 56,437 62.5 
1965 —— 9,167 3,229 35.2 84, 654 55, 228 65.2 93, 820 58,457 62.3 
19888 8, 670 3, 006 34.7 85, 694 54, 155 63.2 94, 364 57,161 60. 6 
19677 8, 545 3, 109 36.4 85, 495 52, 928 61.9 94,040 56,038 59.6 


1 Data may not add exactly to totals shown due to independent rounding. 


Table 36.—Month-end stocks of bituminous coal at oven-coke plants in the United States 


(Thousand short tons) 


Month 1963 1964 1965 1966 1967 

an ð³ r g 7, 339 7,780 9, 517 10, 137 9,244 
Februar ee E LE 7,233 7,900 9,225 9,970 9,364 
J)ÄõÜ]ĩ1iwm ˙³ ³ . v aL Nip mE 6, 595 8,299 9,424 11,318 9,491 
Api: 2 RCRUM ⁵⅛w mm . AE 6, 883 8,411 9,576 8,640 9,829 

CN ga ANN" PEU d ĩͤ ORENSE 7,648 8,841 9,749 8,624 10,596 
EIERE ee 8 8,202 9,375 9,970 9,078 11,019 
a ml IU EE DL E LI DO ag 6,386 7,467 7,744 6,645 8,774 
EC ae Ne Sau dy sa ease 6,919 7,969 8,501 7,265 9,465 
September: ooo lena nz LOL ð Rue S 1,290 8,643 8,253 7,621 9,726 
October.............. FFC 7.912 9,346 9,107 8. 180 10. 611 
November! 2 8,054 9, 8738 9, 743 8, 568 10,914 
December 8,014 10, 081 10, 506 9, 206 10, 940 


Table 37.—Month-end stocks of anthracite at oven-coke plants in the United States 


(Thousand short tons) 


Month 1963 1964 1965 1966 1967 

ENT EE 99 82 104 121 127 
e ee eee ee eae 73 67 82 95 103 
Mareh;- Ls e ln Bee 51 42 69 79 83 
Re RE 45 37 59 79 86 

EE 40 43 68 82 90 
17777 A 88 56 59 87 85 101 
J ³⁰˙“5mwà ea at Sia E 58 60 96 72 106 
A EE 72 68 97 73 129 
September 87 83 105 77 136 
October... :r⅛ͤ . ͤ v . suci waya 110 103 114 108 151 
Novembee rr 121 133 125 128 149 
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Table 38.—Coal-chemical materials, exclusive of breeze, produced at oven-coke plants in 
the United States in 1967 1 2 


Sold 


Value On 
Product Produced ——— hand 
Quantity "Total Average Dec. 31 

(thou- per 

sands) unit 


Tar, erude SE lcu thousand gallons.. 780,334 3 354,674 $38,686 $0.095 48,564 
Tar derivatives: 
Sodium phenolate or carbolate do.... 3,241 3,192 323 . 101 174 
Crude chemical oil (tar acid oil) do 28,089 27, 566 4,514 .164 1,072 
Pitch-of-tar:* 
Soft Sa see fri n E thousand short tons 660 183 4,891 26.666 16 
Ara BORNE k y mt 8 do 340 105 3,971 37.717 60 
Other tar derivatives: F II/ / ix 
Ammonia products: 
SG /(/᷑ ĩ˙·ꝛ A thousand short tons 738 687 18,469 26.867 152 
Liquor (NH: eontent)̊ů `... l... - do- 14 12 683 56.685 2 
Diammonium phosphate do 41 42 4,110 98.864 3 
1 ¹·A.ͥ ⁰%ri.. !:! •u ĩð v ĩͤ G S Led 23,262 0e ...... 
Sulfate equivalent of all forms. thousand short tons 834 / uiis 165 
NH; equivalent of all form do 215 200. A Aes 43 
Gas: 
Used under boilers, ete million cubic feet. 100,069 19,330 193 
Used in steel or allied plants do....|, 959. 359 399,662 94, 657 SOO ——U7] 
Distributed through city mains do.... i 20,039 8,559 427 `.. 
Sold for industrial use do....) 86,274 15, 732 1182 — 
%!;ͤ·ùWWW . ... xs nl c do 959,359 606,044 138,279 $228 p 
Crude light oil thousand gallons.. 7 252,138 94,504 13,229 .140 8,496 
Light-oil derivatives: 
Benzene: 
Specification grades (1°, 2°, 90%) do 86,683 84,231 20,293 2241 7,120 
Other industrial grades... ------------ do.... 3,959 8,938 648 .165 92 
Toluene (all grades) do.... 19,358 18, 620 3,694 198 1,646 
Xylene (all grades) do. 5,488 5,763 1,646 . 286 482 
Solvent naphtha (all grades) do.... 3,633 2,558 All .161 591 
Other light-oil derivatives. do.... 8,397 2,068 239 115 386 
d WEE do 127,517 117,178 26,9380 .290 10,317 
Intermediate light oil____ --------------------- do.... 5,558 1,566 127 .081 298 
Grand totül..- s .ca2tllenecozacm Dette Eege aS 263,534 ...... .....- 


1 Data may not add exactly to totals shown due to independent rounding. 

? Includes products of tar distillation conducted by oven-coke operators under the same corporate name. 

3 Includes 29,018,000 gallons sold to affiliated companies for refining and a small amount exported. 

* Soft—water-softening point less than 110? F.; medium—110? to 160? F.; hard—over 160? F. Figures on 
hard pitch include small amount of medium pitch. 

5 Creosote oil, cresols, cresylic acid, naphthalene, phenol, pyridine, refined tar, tar paint. 

6 Includes gas used for heating ovens and gas wasted. 

7 153,871,000 gallons refined by coke-oven operators to make derived products shown. 


Table 39.—Coal equivalent of the thermal materials, except coke, produced at oven-coke 
plants in the United States 


Materials produced Estimated equivalent in heating value ! 
(billion Btu) 

— SSS. Coke 

Coke Surplus Light equiv- 

Year breeze gas Tar oil alent 
(thou- (billion  (thou- (thou- Coke Surplus Tar Light Total (thou- 

sand cubic sand sand breeze gas oil sand 

short feet) gallons) gallons) short 

tons) tons) 
1964. 3,902 582 762,918 248,669 78,040 320,100 114,438 32,327 544, 905 20,798 
1965. 4,037 630 802,738 262,701 80, 740 346, 500 120,411 34,151 581,802 22, 206 
1966....... 4,012 630 801,867 262,640 80,240 346,300 120,280 34,143 580,963 22,174 
1967 4, 025 606 780,334 252,138 80,500 333,300 117,050 32,778 563, 628 21,513 


1 Breeze, 10,000 Btu per pound; gas, 550 Btu per cubic foot; tar, 150,000 Btu per gallon; and light oil, 130,000 
Btu per gallon. 
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Table 40.—Average value of coal-chemical materials used or sold and of coke and breeze 
produced per short ton of coal carbonized in the United States 


1964 1965 1966 1967 

Ammonia products $0.275 $0.268 $0.280 $0.254 

Light oil and its derivatives. .459 . 505 .481 441 

Surplus gas used or sold 2... cc clo cL. L Ll. 1.516 1.556 1.522 1.512 
Tar and its derivatives (including naphthalene): 

Tar burned by producers 1.___ .981 . 962 . 928 . 9318 

Oldz 5 coo sr tcd t elio MEN ĩ . 705 . 672 677 675 

PVJ§êéů1 mm ⅛ d 8 3.336 3.363 3.288 3.200 

Coke produced 12.426 11.890 12.167 12.152 

Breeze produced 303 301 292 318 

Grand total... Sof 16.065 15.554 15.747 15.670 


1 Includes pitch-of-tar. 


Table 41.—Percentage of coal costs recovered from the recovery of coal-chemical materials 
in the United States 


1964 1965 1966 1967 

Product: 
Ammonia produetnnk k 3.0 2.8 2.9 2.5 
Light oil and its derivatives 4.9 5.3 4.9 4.4 
Surplus gas used or sol 16.3 16.4 15.6 15.1 
Tar and its derivatives used or sold (including naphthalene) 11.7 11.0 10.3 11.4 
Total. ees Qͤ⅛iUꝗm] ere ee eee 35.9 35.5 33.7 33.4 
Value of coal per short ton $9.28 $9.51 $9.78 $10.02 


Table 42.— Production and disposal of coke-oven gas in the United States in 1967, by States! 
(Million cubic feet) 


Produced Surplus used or sold 
Thou- Value 
sand Used in 
State cubic heatirg Average Wasted 
Total feet ovens Quantity  Thou- per 
per ton sand thou- 
of coal dollars sand 
coked cubic 
feet 
Alabama- „ 15,392 9,69 34,317 39,541 $5,792 80.146 1,584 
California, Colorado, Utah. ......... 54,607 10.68 17,999 36,305 ,906 .163 304 
Connecticut, Maryland, New Jersey, 

New York ee let ekg 131,844 10.84 41,058 89,276 35, 130 .393 1,510 
e A 34,781 10.16 10,770 22,349 3,824 171 1,662 
FH ³oW¹i ⁰ ee 125,265 10.55 36,858 88,172 16,322 185 235 
Kentucky, Missouri, Tennessee, Texas. 24, 921 9.02 12,574 11, 701 1, 502 . 128 646 
Mieses. 8 44,951 10.00 9,354 35, 508 8,010 226 89 
Minnesota and Wisconsin 11.974 9.44 6, 350 5,492 829 151 132 
eee ee es te 116,757 10.14 43,545 72,046 17,255 .240 1,166 
Pennsylvania 284,680 10.85 114,004 167,471 34,337 205 3,206 
West Virginia 54,186 11.33 14,925 38,184 370 245 1,077 

Total.1960.- 42. coax 959,359 10.49 341,753 606,044 138,279 .228 11,561 
At merchant plants 74,273 8.59 35,714 37,595 10,395 277 964 
At furnace plants. 885,086 10.69 306,039 568,449 127,883 .225 10,597 
Total 1989; 8 989,805 10.53 347,041 629,565 143, 140 227 18,199 


1 Data may not add exactly to totals shown due to independent rounding. 
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Table 43.—Surplus coke-oven gas used by producers in the United States and sold in 1987, 
y States ! 


(Million cubic feet) 


Used by producers 


Under boilers, etc. In steel or allied plants 
State Value Value 
Quantity Average Quantity Average 
Thousand per Thousand per 
dollars thousand dollars thousand 
cubic feet cubic feet 

Alabama -aMn 15,776 $2,320 $0.147 19,715 $3,000 $0.152 
California, Colorado, Utah.......... (2) (2) (2) (2) (2) (2) 
Connecticut, Maryland, New Jersey, 

New York Kk 3,182 682 214 71,177 27, 097 .981 
Imo... a oro eles 4,121 594 . 144 13,225 2,451 .185 
Indiana.. ee ms 6,922 1,316 . 190 78, 540 13,912 177 
Kentucky, Missouri, Tennessee, 

/)))))öö§ö§ö»ô se. Soe oe obit 4,947 542 110 (2 (2 (2 
Menn; 8 (2) (2) (2) (2) (2) (3) 

nnesota and Wisconsin 2 2 (2) 2 3 2) 
SI ³ K Lee 12, 897 3,424 265 52, 863 12, 705 . 243 
Pennsylvania. 24, 019 4, 760 198 78, 193 17,225 . 220 
West Virginia. (2) (2) (2) (2) (2) (2) 
Undistributed... ...............-. 28,205 5,693 . 202 86,449 18,268 .211 

Total 1967. 100,069 19,330 . 193 399, 662 94,657 237 
At merchant plants 10,315 1,778 .172 1,108 274 . 248 
At furnace plants. 89, 753 17, 552 196 398, 559 94, 383 .237 
Total 1966. 102, 975 19, 631 . 191 480,452 110,393 .290 
Sold 
Distributed through city mains For industrial use 
Value Value 
Quantity Average Quantity Average 
Thousand per Thousand per 
dollars thousand dollars thousand 
cubic feet cubic feet 
Alabama... .. .. .. . . . . . . . . . . -o (2) (2) (2) 2,422 $362 $0.150 
California, Colorado, Uta... 
Connecticut, Maryland, New Jersey, 

ew EE ˙·w»ꝛꝛꝛ A 14,848 7,336 $0.494 (2) 3 T 

aD) es RECUERDO HERD OT Tet 2) 2) 3) 
Indiang -------------------- (2) (2) (3) (2) (2) (3) 
Kentucky, Missouri, Tennessee, 

OXaN o oss vis ⁵] x iN. racc (2) (2) (2) 
Michigans ee ` Lesben Geet ado (2) (2) (2) 
Minnesota and Wisconsin... ....... -------- -------- (2) (2) (3) 

JO usus ans LEA EE eer 6,786 1,126 .166 
Pennsylvania... (2) (2) (2) (2) (3) (?) 
nh ⁰⁰ (2 (2) (2) 
Upndistributed 2... ...- 5,191 1,223 286 77, 065 14, 244 185 

Total 19677777 20, 039 8, 559 . 427 86,274 15,732 . 182 
At merchant plants. 13,597 6,227 . 458 12,579 2,116 .168 
At furnace plants. 6,442 2, 332 . 862 73,694 13,616 . 185 
Total 196. 20,872 8,933 .428 25,266 4,183 .166 


1 Data may not add exactly to totals shown due to independent rounding. 
? Included with Undistributed to avoid disclosing individual company confidential data. 
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Table 44.—Coke-oven gas and other gases used in heating coke ovens in the United States 
in 1967, by States 1 2 


(Million cubic feet) 


Blast- Total 
State Coke-oven furnace Natural coke-oven 
gas gas gas gas 

equivalent 
RTR, EE 34,317 9 34, 326 
California, Colorado, Uta 17, 999 3, 591 43 21, 633 
Connecticut, Maryland, New Jersey, New Vor 41,058 3 12,830 1,198 55,086 
Ih ³W¹.w. ema d EE S s 2 10,770 12,509 ......... 23, 279 
I ³ðÄV1e ³ deg 36, 858 7, 503 954 45,315 
Kentucky, Missouri, Tennessee, Texas... ............... 222 Pees 12,574 
ROT EEN 9,354 12,422 61 21,837 
Minnesota and Wisconsin 6:350. oium Soluce: 6,350 
Ohio............ 7)Cõͤͥ ĩͤ Vu! 8 43, 545 e ce 48,097 
Fenneng, ß . ese cue See 114,004 1:994. cbse L 115,998 
West gn... EE SS 14,925 6,266 ......... 21,191 
Total19601.  ———————— eni RDas eR 341, 753 61, 667 2,265 405, 685 
At merchant plantnnn??e?? sss 35,714 1,239 557 37,510 
At furnace plants eee 306 , 039 60,428 1,708 368,175 
ee. EEN 347,041 57,884 1,212 406, 137 


1 Adjusted to an equivalent of 550 Btu per cubic foot 
2 Data may not add exactly to totals shown due to independent rounding. 
3 Includes small amount of producer gas 
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Table 45.—Coke-oven ammonia produced in the United States and sold in 1967, by State ! 


(Thousand short tons) 


Produced 
State Active Pounds As 
plants; Sulfate per ton As liquor 
equivalent of coal sulfate 3 (NH; 
coked content) 
Ahne. EREE 7 76 19. 64 74 (4) 
California, Colorado, Uta 3 57 22.11 5 (4) 
Connecticut, Maryland, New Jersey, New York..... 5 111 19.14 103 (4) 
TMM O1S WEE 95 m bd uere cvs 4 82 19.09 32 Lotus 
Indis... Ook a a we d s E 5 125 21.12 116 (4) 
Kentucky Tennessee, Texas s 8 17 15.88 (4) (4) 
Michigan____ hk iE 3 28 12.24 23 (4) 
Minnesota and Wisconsin... 2 7 13.37 (4) (4) 
UE 11 95 17.36 84 (4) 
Pennsylvania added 12 248 18.51 248 . ...... 
West Virginia 3 44 18.59 444 
Undistributed sss... .. eeee EE 8 14 
ihr. ðW Soe eee eee 58 834 18.68 5 778 14 
At merchant plants 12 64 17.25 24 10 
At furnace plants 46 770 18.81 755 4 
Total 1900... e RA 58 862 18.79 810 14 
Sold 6 On hand Dec. 31 
As sulfate ? As liquor KEEN 
(NH; content) Sulfate ; (NH; 
— — —————— content) 
Quantity Value Quantity Value 
Alabama... . A AAA ess Gad: 69 $1,920 (4) (4) 17 (7) 
California, Colorado, Utah - 52 3,581 (4) (4) 7 (7) 
Connecticut, Maryland, New Jersey, 

New YORKs 9 2,765 (4) (4) 15 (9 
intor oe i ß See eee 27 // iste SI «eases 
diane nh oo oe ee ee eee ĩð 8 104 2,956 (4) (4) 21 1 
Kentucky, Tennessee, Texas (4) (*) (4) (4) 1 v 
Michigan_____ ecto dese eee ce (4) (4) (4) (4) 7 1) 
Minnesota and Wiseongin (4) (4) (4) (4) (7) (7) 

JO SEENEN 78 2,116 (4) (4) 19 1 
Pennsylvania 229 5,644 ...... .....- 54 
West Virginia 40 999 AA D es 
Undistributed................... RE 31 1,821 12 88992 “ 

Total 1967 soso 8 729 22, 579 12 683 156 2 
At merchant plants 24 667 8 563 5 2 
At furnace plants 705 21,912 4 120 150 1 
Total 1966....----------------- 866 25,548 12 748 107 2 


1 Data may not add exactly to totals shown due to independent rounding. 

2 Number of plants that recovered ammonia. 

3 Includes diammonium phosphate. 

Includes with **Undistributed" to avoid discling individual company confidential data. 

5 Comprises 788,000 tons of ammonium sulfate and 41,000 tons of diammonium phosphate disclosing 
produced in California, Colorado, and Michigan. 

6 Includes 86,000 tons of ammonium sulfate valued at $2,122,000 exported. 


7 Less than 1⁄4 unit. : 
$ Comprises 687,000 tons of ammonium sufate valued at $18,469,000 and 42,000 tons of diammonium 


phosphate valued at $4,110,000. 
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Table 47.—Coke-oven crude light-oil produced in the United States and derived products 


produced and sold in 1967, by State 
(Thousand gallons) 


Crude light oil Derived products 
Active Gallons Refined On Sold 3 
State plants! Pro- per ton on hand Pro- 
uced of coal prem- Dec. duced Quan- Value 
coked ises 2 31 tity (thou- 
sands) 
Alabama___ __-_-- 7 18,169 2.33 17 , 847 888 14,290 12,950 $2,961 
California, Colorado, Utah...... 3 16,694 3.26 10,561 594 14,693 9,976 2,067 
Connecticut, Maryland, New 

Jersey, New York. .......... 6 36,947 3.04 23,909 995 19,817 18,249 4,692 
Illinois and Michigan 7 20,177 2.58 1,997 525 (4 (4) 
Indiana eeh ecco ee 4 31,123 2.75 406 1,865 (4) 4) (4) 
Kentucky, Missouri, Tennessee, 

Texas, West Virginia 7 21,754 3.00 2,451 751 2,412 2,407 446 
OWN EE 11 30,519 2.70 20,316 1,110 16,036 15,193 3,195 
Pennsylvania 11 76,755 2.93 76,384 1,877 60,271 58,403 13, 570 

Total 1967............-- 56 252,138 2.84 153,871 8,496 127,517 117,178 26,930 
At merchant plants 3 14,651 2.17 9,116 1,101 9,815 8,551 2,259 
At furnace plants.. 53 237,487 2.89 144,755 7,386 117,702 108,627 24,672 
Total 1966.............- 59 262,640 2.86 179,757 7,796 r152,740 r 147,173 * 33,872 

r Revised. 


1 Number of plants that recovered crude light oil. 


2 Includes small quantity of material also reported in sales of crude light oil in table 38. 
3 Excludes 94,504,000 gallons of crude light oil valued at $13,229,000 sold as such. 
Included with California, Colorado, Utah to avoid disclosing individual company confidential data. 


Table 48.—Yield of light-oil derivatives from refining crude light oil at oven-coke plants 


in the United States 


(Percent) 
Benzene Toluene Xylene Solvent Other 
Year (all al all naphtha light-oil 
grades) grades) grades) (erude and products 
refined) 

Te EE 62.3 13.3 3.7 2.8 4.3 
EEN ee ae Leas 63.0 12.8 3.5 2.8 4.1 
)J). ee ees 63.4 12.7 3.4 1.8 3.5 
1b) 8 58.9 12. 6 3. 6 2.4 5.4 


1 Included with Solvent naphtha (crude and refined).“ 


Table 49.—Benzene and toluene produced at oven-coke plants in the United States, by grade 


(Thousand gallons) 


Benzene 
— Toluene 
Year Specification Other (all grades) 
grades industrial 
(19, 29, 90%) grades 

1964. EE 116,292 3,516 25,521 
EE it OS RFT 117,991 8,927 24,816 
1966.3. 075922 cs LADO be 110,223 3,709 22,791 
J90601 OO OR EEN ey EE 86, 683 3,959 19,358 
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Table 50.—Light-oil derivatives produced at oven-coke plants in the United States and 
sold in 1967, by States 1 


(Thousand gallons) 


Benzene (all grades) Toluene (all grades) 
Yield Sold Yield Sold 
State fron ——————— fron pax kam ⁊⁵̃¶ . — 
Pro- crude Thou- Thou- Pro- erude Thou- Thou- 
duced light oil sand sand duced light oil sand sand 
refined short dollars refined short dollars 
(percent) tons (percent) tons 
, eo ad Be 11,085 62.1 10,057 $2,418 2,022 11.3 1,705 $329 
Colorado, Michigan, Utah....... 6,419 60.8 6,185 1,238 1,499 14.2 1,479 306 
Illinois, Indiana, Ohio........... 12,851 56.6 12,577 2,740 3,240 14.3 3,188 637 
Maryland and New Tork... 16,224 67.9 15,461 3,784 2,089 8.7 2,026 395 
Pennsylvania... 42,451 55.6 42,269 10,465 10,281 13.5 9,93 1,988 
Tennessee, Texas, West Virginia. 1,611 65.7 1,619 351 227 9.3 229 
Total 1967 90,642 58.9 88,169 20,941 19,358 12.6 18,620 3,694 
At merchant plants 6,841 75.0 6,566 1,460 1,580 17.3 1,497 296 
At furnace plants ME 83,801 57.9 81,6038 19,481 17,777 12.3 17,123 3,398 
Total 1966 ... 113,932 63.4 112,095 27,333 22,791 12.7 22,622 4, 309 
Xylene (all grades) Solvent naphtha 
(erude and refined) 
Yield Sold Yield Sold 
from -— N -— —..x fron — e yͥ — 
Pro- crude Thou- Thou- Pro- crude Thou- Thou- 
duced light oil sand sand duced light oil sand sand 
refined short dollars refined short dollars 
(percent) tons (percent) tons 
Alabamanna 605 3.4 728 3168 118 0.7 112 318 
Colorado, Michigan, Utah....... (2) (2) 2 (2) 2 (2) (2) (2) 
Illinois, Indiana, Ohio........... 1,161 3.5 1,179 263 1,617 3.4 552 76 
Maryland and New York........ (3) (3) (3) (2) (3) (3) (3) (3) 
Pennsylvania 3, 570 3. 6 3,719 1,189 1,898 2.1 1,894 317 
Tennessee, Texas, West Virginia. 152 6.2 137 2 (3) (3) ( (3) 
Total 1967. 5,488 3.6 5,763 1,646 3,633 2.4 2,558 411 
At merchant plants. 346 3.8 320 481 37 0.4 25 
At furnace plants 5,142 3.6 5,443 1,165 3,596 2.5 2,533 404 
Total 1966 6,124 3.4 6,410 1,405 3,161 1.8 2,954 547 


1 Data may not add exactly to totals shown due to independent rounding. 
2 Included with Illinois, Indiana, and Ohio to avoid disclosing individual company data. 
3 Included with Pennsylvania to avoid disclosing individual company data. 


Table 51. Estimated consumption of commercial benzene (excluding motor grade) in the 
United States, by uses ! 


(Thousand gallons) 


Use 1964 1965 1966 r 1967 

Sr EE Ee 283 , 000 312,000 360,000 366,000 
Phenol (synthetie 9 146, 000 161, 000 178, 000 171, 000 
Dodecvlbenzene 2... 2.22.22 222222222 31,000 34,000 42,000 48,000 
lei u. u... oe ee 117,000 160,000 184,000 160,000 
KR EE 21,000 24,000 29,000 27,000 
II bed EE 12,000 14,000 14,000 10,000 
Dichlorobenzene and monochlorobenzene................ 20,000 20,000 20,000 20,000 
M aleic anhydride___.______.._--- 222-2 eee 20,000 22,000 28,000 31,000 
DIP MON Vike oo Fa cci eua ͥ⁰ͥ⁰d ¶⁰⁰y a ee eee ee 5,000 5,000 5,000 5,000 
Nitrobenzene 2,000 2,000 2,000 2,000 
Miscellaneous! 20, 000 20, 000 20, 000 27,000 
TOS DOP COG EE 87,000 45,000 97,000 100,000 

COUR EE 164,000 819,000 979,000 967,000 


evised. 
1 Coal Chemicals Committee, American Coke and Coal Chemicals Institute, Washington, D.C. 


Columbium and Tantalum 


By Richard F. Stevens, Ir. 


Consumption of columbium and tanta- 
um raw materials continued to increase 
during 1967 and end-use consumption 
of columbium and tantalum reached new 
alltime record highs. The primary use 
of columbium in the form of ferrocolum- 
bium increased 18 percent although steel 
production decreased from its record high 
set in 1966. The use of tantalum contin- 
ued to be primarily in capacitors and 
other electronic applications required by 
the military in the Viet Nam conflict. 
About 1.5 million pounds of combined 
pentoxides (CbzOs ＋ Ta:3Os) containing 
some 800,000 pounds of columbium 
was released from government stockpiles 
in 1967 compared with releases of ap- 
proximately twice these amounts made 
in 1966. 


Legislation and Government Programs. 
—On January 13, 1966, the General 


Services Administration (GSA) an- 
nounced a plan for the disposal of about 
5 million pounds (columbium content) 
of columbium concentrate from the De- 
fense Production Act Inventory over 
several years. Five releases were made in 
1966 and three releases were made in 
1967. Although classified as columbite 
(CbzOs), the material is actually colum- 
bite-tantalite (CbsOs-Tas3O;) and much of 
it was purchased for its tantalum content. 
The CbeOs to TazOs ratio of the material 
sold varied from about 47 to 1 to about 
0.95 to 1. Material purchased for its col- 
umbium content sold at an average price 
of between $0.97 and $1.20 per pound of 
contained pentoxides while material pur- 
chased primarily for its tantalum content 
ranged in price from about $2 to $6 per 


pound of contained pentoxides. 


1 Commodity specialist, Division of Mineral 
Studies. 


Table 1.—Salient columbium statistics 
(Thousand pounds) 


United States: 


Mine production of columbite-tantalite concentrates. .... 
Releases from Government stocks (Cb content)!. ))) 


1963 1964 1966 1967 


— - e em - - em - ap = — ~ re e - 


Consumption of concentrate: Columbium metal contained 


in all raw materials consumed (Cb content ........ 2,054 2,758 2,749 3,873 4,866 
Production of primary products: Columbium metal (Cb 
CONCOND) EE 104 95 w W W 
Ferrocolumbium and ferrotantalum-columbium (Cb Ta 
ei EE -... 1,576 820 1,961 3,664 1,960 
Consumption of primary products: 
Columbium metal (Cb content NA 124 33 100 111 
Ferrocolumbium and ferrotantalum-columbium (Cb+ 
Fa content). o ones 8 1,346 1,479 2,199 2,697 3,192 
Exports: 
Columbium ore and concentrate (gross weight) 47 343 NA NA NA 
Columbium metal, compounds and alloys (gross 
Ü snl unes pu epe ne C LO 14 5 4 7 6 
Imports for consumption: 
Columbium mineral concentrate (gross weight) 5,910 4.601 4,892 9,278 7,481 
Columbium metal and columbium-bearing alloys 
ol; y E 1 4 10 4 (2) 
Ferrocolumbium (gross weight NA 172 691 1,280 629 
World: Production of columbium-tantalum concentrates 
Sirens cee 9,853 11,726 14,618 22,988 20,801 


(gross weight) NOCHES ES 


e Estimate. r Revised. 
NA Not available. 


W Withheld to avoid disclosing individual company confidential information. 


1 Includes columbium content in raw materials from which columbium is not recovered. 


2 Less than Lé unit. 
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Table 2.—Salient tantalum statistics 


(Thousand pounds) 


1963 1964 1965 1966 1967 
United States: 
Mine production of columbium-tantalum concentrate s Ww W 
Releases from Government stocks (Ta content) .d 2222 634 307 
Consumption of concentrate: Tantalum metal contained 
in all raw materials consumed (Ta content) 77 502 510 715 71,392 1,780 
Production of primary products: 
Tantalum metal (Ta content 418 448 712 1,064 1,021 
Ferrocolumbium and ferrotantalum-columbium (Cb+ 
enten 8 1, 576 820 1,961 3,664 1,960 
Consumption of primary products: 
Tantalum metal (Ta content NA 214 435 493 443 
Ferrocolumbium and ferrotantalum-columbium (Cb+ 
Ta CONTEND iis c oo ote 8 1,346 1,479 2,199 2,697 3,192 
Exports: 
Tantalum ore and concentrate (gross weight). ........ 56 200 284 163 75 
Tantalum metal, compounds, and alloys (gross 
h em rcu a enu EE 44 32 21 35 59 
Tantalum and tantalum alloy powder (Ta content)... 14 32 25 51 157 
Imports for consumption: 
Tantalum mineral concentrate (gross weight) 944 981 1,196 2,143 1,675 
Tantalum metal and tantalum-bearing alloys (Ta 
ente ⅛ðév w dee 2 3 26 48 55 
World: Production of columbium-tantalum concentrates (gross 
B y 9,853 11,726 14,618 22,988 20,801 


r Revised. 


W Withheld to avoid disclosing individual company confidential data. 


NA Not available. 


1 Includes tantalum content in raw materials from which tantalum is not recovered. 


Table 3.—Columbium materials in Government inventories as of December 31, 1967 
(Thousand pounds, columbium content) 


National 
Material Objective (strategic) 
stockpile 
Columbium eoncentrateg: ----- 16,247 
Columbium carbide powder: 
Stockpile grade 20 21 
Ferrocolumbium: 
Stockpile grade 930 368 
Nonstockpile grade. 553 
Columbium metal: 
Stockpile grade 45 33 
On order- upgrading ..... 11 
Columbium oxide powder: 
Stockpilegrade................ ....- 23 
On order-upgrading ?....... ...... 90 


Defense Supple- 
Production mental Total 
Act (DPA) stockpile 
inventory 
5,557 376 12,180 
7. eege 21 
J RE S 368 
EE . 22 e S TE 553 
poesia ua akon n oe 33 
TC 11 
SSS ka eege 23 
n 8 90 


1 Includes 83,437 pounds columbium content, reserved for upgrading. 
2 Material on order is to be acquired through upgrading contracts. 


Table 4.—Tantalum materials in Government inventories as of December 31, 1967 


(Thousand pounds, tantalum content) 


National 
Material Objective (strategic) 
stockpile 
Tantalum minerals: 
Stockpile gerade 2,947 12,968 
Tantalum carbide powder: 
Stockpile gerade 27 29 
Tantalum metal: 
Stockpile grade : 360 116 
On order-upgrading ?......  ....... 85 


Defense Supple- 

Production mental Total 

Act (DPA) stockpile 

inventory 

849 2 3,819 
ff ERROR 29 
VV 116 
F 85 


1 Includes 111,611 pounds, tantalum content, reserved for upgrading. 
2 Material on order is to be acquired through upgrading contracts. 
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DOMESTIC PRODUCTION 


Two small companies, one in South 
Dakota and the other in New Mexico, 
produced columbium-tantalum concen- 
trates during the year. Output increased 
by a factor of about 30 over that of 1966. 
Most of the 1967 output and all of the 
1966 output remained in mine stocks at 
yearend. 

Production of columbium metal pow- 
der continued to increase, although data 
are withheld to avoid disclosing indivi- 
dual company confidential data. Produc- 
tion of columbium metal ingots totaled 
47 tons in 1967. E. I. du Pont de 
Nemours & Co., Inc., did not produce 
columbium metal in either 1966 or 1967 
but continued to hold significant stocks of 
the metal. In 1967 the du Pont Metals 
Center in Baltimore, Md., was sold to 
Fansteel Metallurgical Corp. 

Production of tantalum metal powder 
(including capacitor-grade powder) in 
1967 decreased 4 percent to 510 tons from 
the 532 tons reported in 1966. Produc- 
tion of tantalum metal ingots increased 
15 percent to 291 tons during the year 
from the 252 tons reported in 1966. 

Ferrocolumbium, ferrotantalum-colum- 
bium, and columbium-base master alloys 
were produced by the thermite process 
by Kawecki Chemical Co., Reading Alloys 
Co., and Shieldalloy Corp. These ferroal- 
loys were produced in electric furnaces 


by Molybdenum Corporation of America, 
Union Carbide Corp., and by the Van- 
coram Division of Foote Mineral Co. 
(formerly Vanadium Corporation of 
America). Union Carbide Corp. (UCC) 
continued to produce high-purity fer- 
rocolumbium (FeCb) and nickel-colum- 
bium (NiCb) at Niagara Falls from 
Cb:O; recovered by solvent-extraction at 
UCC’s Marietta, Ohio, plant. 


Michigan Chemical Corp., Chicago, Ill., 
purchased the equipment and leases of 
the Porter Brothers Corp., Boise, Idaho, 
in 1966. The dredge and related equip- 
ment, including a bunkhouse and a small 
school building, were maintained on a 
“standby” basis during 1967. 


During the year Kawecki Chemical Co. 
reportedly began construction of a tin 
slag recovery and concentrating plant at 
Reading, Pa., to recover the tantalum 
from this "synthetic" tantalite source. 


A placer deposit of potential signifi- 
cance in the Sawtooth Primitive Area of 
Idaho was examined by Bureau of Mines 
engineers and reportedly contains re- 
serves of some 200 million cubic yards 
of gravel containing values in gold, plat- 
nium, euxenite, and columbium-tantalum 
minerals. The deposit extends approxi- 
mately 6 miles along the South Fork of 
the Payette River. 


Table 5.— Major domestic columbium and tantalum processing and 
producing companies in 1967 


Company Location 


Fansteel Metallurgical Corp 

General Electric Co 

Kawecki Chemical Co........... 

Kennametal, Ine 

Linde Division, Union Carbide 
Corp. 

Mallinckrodt Chemical Works. ` ` 

Mining and Metals Division, 
Union Carbide Corp. 

Molybdenum Corporation of 
America. 

Metals Division, Norton Co. 
(formerly National Research 
coe a subsidiary of Norton 


o. 

Reading Alloys Co., In `` 

Shieldalloy Corp 

Stellite Division, Union Carbide 
Corp. 

Vancoram Division, Foote Min- 
eral Co. (formerly Vanadium 
Corporation of America). 

Wah Chang Albany (A Teledyne 
Company). 


Marietta, Ohio 


Vancoram, Ohio 
Graham, W. Va 


Muskogee, Okla. ` 
Euclid, Ohio 
Boyertown, Pa... 
Latrobe, Pa. 


Washington, Pa 


Newton, Mass 


Robesonia, Pa... 
Newfield, N. J. 
Kokomo, Ind 


Cambridge, Ohio 


Albany, (reg... 


Tan- Ferro- Ferro- 
Colum- Tan- talum colum- tantalum- 
bium talum carbide bium colum- 
bium 
SE A A J A E 
zc X Me ey keen eee 
Sen A A x „„ 
on x x AE. Pob. endi 
X X „ 
eee X A JJ a ES 
| - X CD X x 
"HO Mem Rn Excise x X 
mom x A- aed. gabe tes, Gece: 
Sige. vacuus I ur crm. Tas tS X X 
%%% T8 X X 
SECH x X JJ Ä 
JJC Ghote X X 
nae x ^ CO 


434 


MINERALS YEARBOOK, 1967 


CONSUMPTION AND USES 


Use of columbium in ferroalloys for 
additions to steels to control grain size 
accounted for approximately 85 to 95 
percent of the metal consumed. Colum- 
bium consumed in the form of high-pur- 
ity metal totaled 111,195 pounds, an 11- 
percent increase over the 100,106 pounds 
reported consumed in 1966. Tantalum 
metal (including capacitor-grade powder) 
consumed during the year decreased to 
443,095 pounds from the 493,062 pounds 
reported in 1966 and continued to be 
used primarily in powder or ingot form 
in the manufacture of capacitors and 
other electronic equipment and in cor- 
rosion-resistant chemical equipment. 
About 65 to 75 percent of tantalum con- 
sumption was in electronic applications, 
20 to 30 percent in the chemical industry, 
and 5 to 10 percent as carbides. 

Total consumption of columbium plus 
tantalum in ferroalloys rose about 18 per- 
cent to a new record high of 3,191,711 
pounds in 1967. The consumption of 
ferrocolumbium (FeCb) and ferrotanta- 
lum-columbium (FeTa-Cb) in stainless 
steels, permanent magnet alloys and gray 
and malleable castings applications de- 
creased compared with that of 1966 while 
consumption in other steels, carbon steels, 
welding rods, nickel-base alloys and mis- 
cellaneous applications increased. The 
consumption of tool steels increased 
slightly while high-temperature nonfer- 
rous alloy usage decreased slightly. The 
greatest single volume increase in the 
usage of these ferroalloys was reported 
in other alloy steels. Domestic consump- 
tion of ferrocolumbium during 1967, by 
major use categories, was as follows: 
Other alloy steels (44 percent), high- 
temperature nonferrous alloys (17 per- 
cent), carbon steels (15 percent), stainless 
steels (14 percent), and welding rods, 
nickel-base alloys, permanent magnet 
alloys, and tool steels (1 percent). Con- 
sumption of  ferrotantalum-columbium 
continued to be small and amounted to 
only slightly more than 2 percent of the 
total reported FeCb plus FeTa-Cb con- 
sumption (table 6) compared with slight- 
ly more than 1 percent of the total 1966 
consumption. The major uses of ferro- 
tantalum-columbium in 1967 were in the 
production of stainless steels (61 per- 
cent), nickel-base alloys (5 percent), car- 
bon and alloy steels (5 percent), high- 


temperature nonferrous alloys (3 per- 
cent), and cemented carbides (2 per- 
cent). 

Additional data on  ferrocolumbium 


and ferrotantalum-columbium are con- 
tained in the “Ferroalloy” chapter of the 
1967 Minerals Yearbook. 

The General Electric Co. announced 
the development of molds and dies com- 
posed of the refractory metal alloys, col- 
umbium, tantalum, molybdenum, and 
tungsten, which allowed satisfactory die- 
casting of steel and iron. 

In addition to the high-purity (99.9 
percent) columbium and tantalum oxides 
and chlorides, the Rare Metals Division 
of CIBA (A.R.L.) Ltd. has available 
tantalum and columbium  pentachlorides 
for evaluation and has announced plans 
to make lithium columbate, potassium 
tantalate, and potassium columbate avail- 
able shortly. 

Gallard-Schlesinger Manufacturing 
Corp. commercially offered pentamethoxy 
and pentaethoxy compounds of colum- 
bium and tantalum for use in the pre- 
paration of high-purity metal powder, 
dielectric films, coatings, and catalysts. 

Randomly or specifically oriented tan- 
talum single crystals of 99.999 percent 
purity were commercially available from 
Materials Research Corp. in sizes up to 
½ inch in diameter by 3 inches long for 
$200 per inch. Produced by electron-beam 
floating-zone refining techniques, these 
tantalum crystals are believed to have the 
highest purities available to date. 

Tantalum-clad copper bayonet heaters 
developed by National Research Corp. 
for use in acid concentrators combine the 
chemical corrosion resistance of tantalum 
with the strength and the electrical and 
heat conductivity of copper. 

Fansteel Metallurgical Corp. has suc- 
cessfully produced the widest sheet (42 
inches) of tantalum that has ever been 
rolled in coil form. Virtually any thick- 
ness of tantalum sheet can be rolled by 
this process. At its plant in Torrance, 
Calif., the firm developed a method of 
explosive-cladding tantalum on steel for 
use in chemical reactor vessels to replace 
glass-coated steel. Fansteel has also de- 
veloped and made commercially available 
new tantalum powder which allows the 
fabrication of superior, but less costly, 
Capacitors at low sintering temperatures. 


COLUMBIUM AND TANTALUM 


Designated FD powder, this material is 
available in both anode and bulk powder 
form. 

A copper-nickel casting alloy modified 
with columbium additions has been de- 
veloped which offers excellent corrosion 
resistance and enhanced weldability for 
applications in the marine, aerospace, 
chemical food handling, and petroleum 
industries. 

During 1966, the General Electric Co. 
completed the construction of a second- 
generation pilot plant in Philadelpnia, 
Pa., to electroform and electroclad tan- 
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talum coatings for nuclear tuel elements. 
Two detailed reports on ferroalloys and 
a comprehensive columbium-tantalum 
market guide were published which dis- 
cussed the use of columbium and tanta- 
lum in alloy steels, and included a direc- 
tory of free world companies in the col- 
umbium and tantalum industry, their 
products, programs, and capacities. 


2 Metal Bulletin (London). Ferro-Alloys, A 
Metal Bulletin Special Issue. July 1966, 158 pp. 
Metals Week. Ferro Alloys— Review and Out- 
look. V. 38, No. 7, Feb. 13, 1967, pp. 18-36. 
. Columbium-Tantalum Market Guide. 
V. 88, No. 17, Apr. 24, 1967, pp. 21-39. 


Table 6.—Consumption by end uses of ferrocolumbium and 
ferrotantalum-columbium in the United States 


(Pounds of contained columbium plus tantalum) 


Product 


Stainless steels 
Other alloy steels 
Carbon steels 
Tool steels ! 
Welding rods 2 
Gray and malleable castings 
High-temperature nonferrous alloys 
Permanent-magnet alloys 
Nickel-base alloys 
Miscellaneous 3 
Unspecified 


e Estimate. 
1 Includes high-speed steel. 


em e ——— ep mm e mm mm ep — wm em -Á mp em ep ww a em o o mm es 
=. em ne - — - — o o o em o  — em o o e "mm — ũ o — mm 
— — e em ep wm m o mm o —— em mm — wn e -Á mm — gem o o o oo e e em 
mp e mp — — em — — — — = — mm — — < — =< — — — wm ms — = — — =— = =< — — ü— — — mm = 
— em ep < — Il 
— om wm em ee om mn — — — — ep — es 
——v— em - ge ew — e — e - - - - cm 
em pm — < eww o ww mm ge e om mm — mm — ms — — e e e 
— e e em vs mm zm — — — — —E—2—— — e e e e e 
— — - -  — em - o —— — -Á. o wwe wn rm e — mm vm zm - Om 


< op em e — ep — gr =< gn em zs em em e zer em — em — = < vm — = — — — rs ms p & mm ms 


1965 1966 1967 
8 601,247 567,307 437,116 
„ 974,999 1,181,467 1,400,805 
ENS 265,545 362,114 491,460 
au ET 1,268 6,013 6,053 
REESEN 11,492 10,813 12,654 
5 15 857 ° 800 
„ 313,043 537, 370 536,572 
„„ 5,222 4,512 e 1,700 
eg 11,468 16,684 12,965 
5 14, 302 9,666 13,662 
de ete “n 278,424 
5 2,198,744 2,696,803 3,191,711 


? Includes hard facing alloys and cutting and wear resistant alloys. 


š Includes electrical resistance alloys, premixed powders, cemented carbides, capacitors, flame plating 
high-nickel chromium alloy coatings, metal-to-glass seal materials, and unspecified alloy powders. 


STOCKS 


Except for pyrochlore stocks which de- 
creased 42 percent, consumer and dealer 
stocks increased from 11 to 39 percent as 
consumers built up their inventories 
which at yearend 1966 and 1967 totaled 
as follows: (in short tons) — 1966 figures 
in parenthesis: Columbite, 1,298 (936); 
tantalite, 1,819 (1,640); pyrochlore, 433 
(749); and tin slag, 32,852 (26,461). 

In addition the following yearend col- 
umbium and tantalum inventories (given 
in pounds) were reported. 


December December 


Material 31,1966 31,1967 
Columbium: 

Primary metal... 37,450 63, 873 

In got 35,728 46, 658 

Sr ene 73,003 35, 723 

Oxide 431,546 597, 438 

Other compounds. 33,938 24, 703 


December December 


Material J1,1966 31, 1967 
Tantalum: 

Primary metal... 103,195 111,071 
Capacitor-grade 

powder........ 88,492 139,829 
Ingot........... 42,597 136,286 
. iaoea 178,292 152,292 
Oxide 26,784 156,724 
Potassium tan- 

talum fluoride 

(KeTaF;)...... 123,865 268,630 
Othercompounds. 28,720 56,440 

Consumer inventories of ferrocolum- 


bium and ferrotantalum-columbium as 
of December 31, 1967, (with 1966 year- 
end stocks in parenthesis), were as fol- 
lows: Ferrocolumbium, 681,778 pounds 
contained columbium plus tantalum (Cb 
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+Ta) (799,991); and ferrotantalum- 000); producer stocks of ferrotantalum- 
columbium, 21,117 pounds contained columbium were withheld to avoid dis- 
Cb+Ta (13,502). Producer stocks of closing individual company confidential 
ferrocolumbium at yearend 1967 were data. 
682,000 pounds contained Cb (560, 

PRICES 


Spot prices for columbite ore, c.i.f. U.S. 
ports, as reported by Metals Week de- 
creased from $1.05 to $1.15 per pound 
of contained pentoxides for material hav- 
ing a CbO; to TazOs ratio of 10:1 at the 
beginning of the year to $0.90 per pound 
at yearend. Long-term prices of this 
material were quoted at $1.03 and mate- 
rial having a ratio of 8.5:1 was quoted 
at $1.20 (nominal) per pound of con- 
tained pentoxides at the beginning of the 
year. By yearend, these price quotations 
were discontinued. During 1967 the 
quoted spot prices for Canadian pyro- 
chlore fell from $1.18 to $1.25 per pound 
CbzOs, f.o.b mine or mill to $1.02 to 
$1.07. The quoted long-term price de- 
creased from $1.12—$1.15 to $0.95. During 
the year long-term price quotations for 
Brazilian phyrochlore dropped from $1.00 
to $0.955 per pound of CbzOs, c.i.f. U.S. 
ports. The price for tantalite ores during 
1967, 60 percent basis, c.i.f. U.S. ports, fell 
from the 1966 high of about $13 per 
pound to approximately $9.50 to $11 per 
pound of contained pentoxides having 
a TasOs to CbzOs ratio of 3:1. The price 
quotations for various grades of ferro- 


columbium per pound of columbium con- 
tent, ton lots, f.o.b. shipping point, at the 
beginning of the year were as follows: 
Low alloy grade, $2.80 to $3.02; standard 
grade, $3.17 to $3.24; and high purity, 
$3.82 to $4.50. Quotations for both low 
alloy grade and standard grade fell to 
$2.45 to $2.60 at yearend while the 
quoted price for the high-purity grade 
remained constant throughout the year. 

Through January, tantalum metal was 
quoted at $30 to $49 per pound for pow- 
der, $47 to $60 per pound for roundels, 
and $52 to $65 per pound for rod. In 
February these prices were quoted at $32 
to $46, $36 to $60, and $40 to $52 re- 
spectively, where they remained through- 
out the remainder of 1967. 

Throughout the year, columbium-pow- 
der, roundels, 99.5 to 99.8 percent purity, 
was quoted at $11 to $22 per pound for 
metallurgical-grede material and at $12 
to $23 per pound for reactor grade mate- 
rial. During this period, columbium 
ingots were quoted at $16 to $27 per 
pound for metallurgical-grade material 
and at $17.50 to $28 per pound for re- 
actor-grade material. 


Table 7.—Average grade of concentrate received by U.S. consumers 
and dealers in 1967 by country of origin 


(Percent of contained pentoxides) 


Country 


BFU: ⅛⁰Ü ¹w n a eee DM ue 


Congo (Kinshasa) 
! ͤͤͤꝗ́ͤ ͤͤ— d a e 
Mozambique 
Nigeria. ]˙²“ ...... cake se cea Sa 
Portúgal- u zu ³ VG ³ eo ud 8 
Rhodesia, Southern 
South Africa, Republic o. 
SPAIN EE .] ] ———— 
Thaildnd olm oim ⁵³ 


Columbite Tantalite 
Cb:0, T 330, Ratio Tasch CbzO. 
C 47 20 
55 0.10 550:1 88 31 
51 72 EL eget eesti 
38 35 1.1:1 37 33 
56 16 3.5:1 26 50 
62 7.5 8.3:1 60 14 
67 7 9.6:1 88 32 
37 31 1.2:1 35 30 
r 30 27 
69 12 5. 8:1 65 8 
35 32 1. 1:1 31 31 
gid em ͤ Eu tore s 38 21 
60 15 4.0:1 53 20 


NAV Ga l l he 88 


1 Material reported from Brazil as columbite represents primarily pyrochlore. 


2 Pyrochlore concentrate. 
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FOREIGN TRADE 


Most columbium and tantalum exports 
during 1967 (table 8) were destined 
and Eastern 
Europe. The largest item, tantalum metal 
and alloy powder, was exported primarily 
to India (68 percent), the United King- 
dom (9 percent), Italy (6 percent), West 


chiefly for India, Japan, 


cent), and Japan and the Netherlands 
(3 percent each). Tantalum ore and con- 
centrate, believed not to be of domestic 
origin, was exported to Japan (49 per- 
cent), Czechoslovakia (44 percent), 
France (4 percent), and Canada (3 per- 
cent). 


Germany (5 percent), France (4 per- 


Table 8.—U.S. exports of columbium and tantalum, by classes 


(Thousand pounds (gross 


Class 


Columbium and columbium alloys unwrought and waste and scrap. 


Columbium and columbium alloys, wrought 
Tantalum ores and concentrates 
Tantalum and tantalum alloys, wrought 


Tantalum metals and alloys in crude form and scrap 


Tantalum and tantalum alloy powder 


Imports for consumption of unwrought 
columbium metal decreased slightly to 
437 pounds from the 453 pounds re- 
ported in 1966. Imports of unwrought 
columbium alloys in 1967 were reported 
to total only 14 pounds, columbium con- 
tent, all from France, and were valued 
at $47.71 per pound. This represented 
a significant change from the 3,978 
pounds valued at $6,533 ($1.64 per 
pound) reported in 1966. Imports for 
consumption of unwrought tantalum 
metal, including waste and scrap, con- 
tinued to increase during the year to 54,- 
887 pounds from the 47,507 pounds re- 


weight) and thousand dollars) 


1966 
Quantity Value 


1967 
Quantity Value 


4 $93 2 $57 
SE 3 156 4 284 
bei sunt a T 163 453 75 224 
FFF 13 1,096 10 704 
Ee 22 249 49 796 
„ E E 51 1,564 157 1,839 


ported in 1966 and the 26,162 pounds 
reported in 1965. In 1967 this material 
was imported primarily from the Nether- 
lands (33 percent), Switzerland (31 per- 
cent), the United Kingdom (12 percent), 
France (8 percent), Belgium-Luxembourg 
(7 percent), and West Germany (5 per- 
cent). In addtion, 102 pounds of un- 
wrought tantalum alloy was imported 
from West Germany and 32 pounds of 
wrought tantalum metal was imported 
from the United Kingdom in 1967 com- 
pared with the corresponding figures of 
10 pounds and 231 pounds reported in 
1966. 


Table 9.—Receipts of microlite and tin slags reported by consumers 


(Thousand pounds) 


1965 
Material Gross Cb2Os Ta:0; 
weight con- con- 
tent tent 
Microl ite 131 3 91 
Tin lagen. 8,822 564 429 


1 Less than Ae unit. 


1966 1967 
Gross Chat Ta:Os Gross Cb20s TazOs 
weight con- con- weight content content 
tent tent 
9 (1) See ee 8 
10,220 889 560 28,913 2, 902 1,572 
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Table 10.—U.S. imports for consumption of columbium-mineral concentrates, by countries 
(Thousand pounds) 


Country 1965 1966 1967 
ATOCNUING Eege tile! tel dis 11 
III EE 1 
Belgium-Luxembourg EE 12 33 
Brazil ee eee EE 675 4,995 8,586 
Burundi and Rwanda... 2c U u... J. c cles uoles dee elef EE e >T uoces 15 
Canada... ß bacis cerent ce nd Ea ME 1,861 1,524 891 
Congo Kinn ð y v 44 128 66 
Jͤ ⁵ĩ˙ͤðw]32aaA.ͥ ⁰ cs Soe os ¼ mem ³§.—¹ A ]ð—A r 22 
Germany, West u jj) T RERUM EM am é ĩ usa ss 80 
Ivory Coast. masu p E Dua ꝛ y Ee 13 8 
77% eo eee ee eee eee . x ees ere F 
Malagasy Repuhbll.nt.ltn ce ee e ee E edel ` eil --.-...-... 7 
õO’—.ꝛ ³ cee eet ³ð-³;:ͥ eu beeen m 8 83 74 202 
ES sro MONROE ⁰⁰ydyßßd op PP 20- 22ch¢ce4. Beet 
LN A TEE EE 11 
Netherlands eeh cee eee ees Ü 8 
II ³⁰¹¹ ec cei D DAL A E y ee 2,112 2,421 2,519 
a BEEN 114 
Fh ³o -w-... ³⁰ mum ³= = e 28 18 
Rhodesia, hh es ͥͥ⁰ uE ͥ d 8 
South Africa, Republic off „„ II 
Nj D MEE ENTRE . 
Switzerland d li; ͤ0 -ſ/dſſd́dãdddddddddd y kß ß 8 22 Te 
PF ³oiſddAAAdAdddddßßfſſfſſfſſſ abe ck eee 18 15 4 
United h ³⁰o·wꝛ¹¹A ee. wosoxeced 18 
Western Africa, n. 8c) ³·—Üu ` E 11 
Total: 

Pounds (thousands 4,892 9,278 7,481 

Value (thousands)... +e eee $2,712 $5,678 $5,266 


1 Presumably country of transshipment rather than original source. 


Table 11.—U.S. imports for consumption of tantalum-mineral concentrates, by countries 


(Thousand pounds) 

Country 1965 1966 1967 
Ahl é 10 8 
RT EE 12 29 58 
Belgium-Luxembourg !..____..-.____---_---__----------------------- 55 27 60 
( ³· a ena Eo Sac oe E 281 287 356 
Burundi and Rwanda „„ 15 20 45 
Central African Republic: edel eccke lee cco cont mamme RUE xeu Vias sS. 5 
Congo Epheser . 8 160 993 818 
Frane EMEND yd d HOMES 222ͤö§ 8 
Kreneh GUISDB oe h;⸗— . y y teense sees 1 E. Sues 
Germany, /// ð ͤ ͥ⁰ ³adàd/dddddd. eee au ⁊ diga. 109 „86ͤ 
%% ĩ˙ôà˙5ĩ;lu d yd 2 
C1 ³·AiA//fſfſfſdſſdſäEñdddfPÿo d LO DE S E 0 ounce 
C7 ĩͤͤͤͤA/d/////dſ//ſ/ / ͥ ex ur LR LM 8 27 21 
Malagasy Republic... ß e ß tee i eee Se 8 1 15 
Malaysia. )))) ͤ ĩðĩſ ĩ Wa Een 97 36 83 
Mozambique... . ß Dee wee ee oe s 276 175 241 
Netherlands |... EE 82 166 42 
I; ³o¹w-wæꝶſſſſͤ ¶⁰¶⁰ͥõypvp dd d oases 36 40 185 
Portugal. once E ee ee Ss a a ee 48 67 99 
Rhodesia Southern... eee ee \ 8 16 41 
1111ÜͤÜ¹ꝛ. ok d E PRI MEE ae |) cee alee 
South Africa, Republic of. 12 8 18 
RE 13 13 11 
HEEL ua Ke EE 
Thalland.. ³Ü“wm E 27 89 138 
jc TEE 5 7 24 
FFII! ³˙AAAꝛ—Z—Aͥ—ͤ— ͥ eee tm y 8 Ee 
Western AlrIieg; 0.6.6 on sc oh i oO Ae uaa LA. 17 
Western Portuguese Afen... 7 20- aane 

Total: 
Pounds (thousands 1,196 2,148 1,675 
Value (thousand $2,150 $4,782 $5,510 


1 Presumably country of transshipment rather than original source. 
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Table 12.—Estimated U.S. imports for consumption of ferrocolumbium by major countries 


(Thousand pounds, gross weight) 


Country 1964 1965 1966 1967 
KT e WEE 93 236 281 22 
JGG; A EE 10 370 904 466 
Canüdü- Cio Ne ccu ͥͥͥͥ asuy Pa EE EE 29 52 70 41 
Germany, Wee 20 33 75 90 
United Kingdom... Soe Se Ae 20: ses “stds 10 
d Ve oh oot oes Sy Sos aU UE d au ð K ĩðͤ E 172 691 1,280 629 
Table 13.—U.S. imports duties 
(Per pound) 
Tariff Rate of duty 1 
classifi- Articles —ñ—  — — —ę u -—A pP 
cation Through Dec. 31, 1967 Effective Jan. 1, 1968 
601.21 Columbium concentrate Free Free 
601.42 Tantalum concentrate ree Free. 
607. 80 Ferrocolumbium-_.... .. 10 percent ad valorem 9 percent ad valorem. 
Columbium: 
628. 15 Unwrou ght 10 percent ad valorem 9 percent ad valorem. 
628.20 Wrou ght 18 pereent ad valorem 16 percent ad valorem. 
628.17 T 5 Cb allo ys 15 percent ad valorem 13 percent ad valorem. 
antalum: 
629.05 Unwrought. ..................- 10 percent ad valorem 9 percent ad valorem. 
629.10 Wrou ght 18 percent ad valorem 16 percent ad valorem. 
629.05 Unwrought Ta Talloys.......... 15 percent ad valorem 18 percent ad valorem. 


428.00 Columbium and tantalum chemicals 10.5 percent ad valorem 9 percent ad valorem. 


1 Not applicable to Communist countries. 


Estimated data on imports of ferrocol- 
umbium are reported in table 12. Because 
U.S. ferrocolumbium import statistics are 
not separately classified, exact data are 
unavailable. This information was ob- 
tained from various industry and govern- 
ment sources and from foreign trade 
statistics. 

Imports of both columbium- and tan- 
talum-mineral concentrates fell from the 
alltime highs reached in 1966 but re- 
mained at levels higher than that of most 
previous years. As in 1966 the bulk of 
columbium concentrate imports came 
primarily from Brazil, Nigeria, and 
Canada. The relative total, provided by 
these countries in 1967 however varied 
somewhat from that of 1966. Brazil and 
Canada supplied primarily pyrochlore 
concentrate whereas Nigeria supplied 
columbite concentrate. Relative to the tan- 


talum import pattern in 1967, Brazil re- 
placed the Congo (Kinshasa) as principal 
supplier. Important quantities of tanta- 
lum mineral concentrates were also sup- 
plied by Mozambique, Thailand and 
Nigeria. Most of the tantalum concentrate 
reported as coming from Europe is 
believed to represent transshipments of 
material of African origin. 

Receipts of microlite and tin slags came 
primarily from Mozambique (microlite) 
and from the Congo. (Kinshasa), 
Malaysia, Nigeria, and Thailand. 

In accordance with the Kennedy Round 
Tariff Negotiations which were completed 
during the year, the duties on colum- 
bium and tantalum were to be reduced 
in stages by 50 percent over the 5-year 
period 1968-72. In the first stage, the 
duties which became effective January 
1, 1968, are reported in table 13. 
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WORLD REVIEW 


Australia.—Greenbushes Tin N. I., 
Australia’s new producer of tantalum 
concentrates, announced that its dredge, 
which was damaged in late 1965, was 
back in operation by April 1966. The 
estimated 1966 output of 12 to 15 tons 
of 53 to 55 percent Ta: Os concentrate was 
contracted to Philipp Brothers Corp. of 
New York. The production goal for 1967 
and subsequent years is 45 tons of tanta- 
lite concentrate annually. 

Tantalum also was recovered as a by- 
product of tin mining by Northwest Tan- 
talum N.L. in which Philipp Brothers 
has acquired 13.9 percent interest. Other 
tantalum production centers were Pilbara 
and Warra Warra. 

During 1967 the Canadian firm, Gold- 
rim Mining Co, explored and began 
initial recovery of tantalum from the 
Wodgina dike deposit in the Pilbara area 
of Western Australia. In addition, Gold- 
rim is exploring some of its holdings in 
the Northern Territory which are re- 
ported to contain tantalum, columbium, 
and tin. 

It was announced that Electrolytic Zinc 
Co. of Australia, Ltd., is seeking mineral 
rights to look for possible tantalum de- 
posits in the Port Hedland area of 
Western Australia. 


Brazil.— During 1967 Brazil continued 
its standing, achieved in 1966, as the 
major world producer of columbium 
minerals. The leading producer, Compan- 
hia Brasileira de Metalürgia e Mineragao 
(CBMM), known formerly as Distri- 
buidora e Exportadora de Minérios e 
Adubas, S.A. (DEMA), at Araxá, Minas 
Gerais, continued to recover columbium 
concentrates from extremely rich pyro- 
chlore ore (4+percent CbsOs). Opera- 
ting on a one-shift-per-day basis, CBMM 
increased production from its open pit 
mine to about 12 million pounds an- 
nually in 1966 to feed the expanded 
flotation mil] adjacent to the mine. About 
500 tons per month of 58 percent CbzO; 
concentrate was recovered. Early in 1967, 
CBMM expanded its ferroalloy plant 
adjoining the mine, which uses the ther- 
mite batch process, from 40 to 50 tons 
per month of ferrocolumbium, and an- 
nounced plans to increase the total capac- 
ity of its three reactors to 1,000 tons 
per year early in 1968. 


Because the pyrochlore concentrate con- 
tains significant amounts of radioactive 
thorium (about 1.5 percent ThOs), per- 
mission to export it was denied by the 
Comissas Nacional de Energia Nuclear 
(CNEN) until CBMM arranged to sup- 
ply the radioactive equivalent of the 
thorium content to the Government of 
Brazil in the form of uranium oxide from 
the Republic of South Africa and more 
recently from Spain and Portugal. 

CBMM plans to increase production 
of ferrocolumbium, which contains no 
thorium, obviating need for a special ex- 
port license. The thorium content re- 
mains in a slag which CBMM will stock- 
pile in drums for the account of CNEN. 

Because its thorium content presents a 
radioactive hazard, special licensing for 
its processing is required in the United 
States. As a result, the Brazilian concen- 
trate was priced about $0.20 per pound 
less than Canadian pyrochlore during 
1966. 

Companhia de Ferro Ligas da Bahia 
became associated with Thermo-Ligas 
Metalurgicas, S.A. (Thermo-Liga), and 
announced plans for the production of 
ferrocolumbium and other ferroalloys in 
northern Brazil. 


Canada.— Production of pyrochlore con- 
centrate by St. Lawrence Columbium and 
Metals Corp. Canada’s sole producer, at 
its mine and mill near Oka, Quebec, de- 
creased during 1967 from the peak 
reached in 1966. Output, which had been 
primarily from open pit operations in 
previous years, was entirely from the 
underground facilities completed during 
the year. The company began under- 
ground mining early in 1967 at a rate of 
about 4,000 tons per day. Diamond drill- 
ing has indicated that the deposit extends 
onto property of Oka Columbium & 
Metals Ltd., a wholly owned subsidiary, 
and of Main Oka Mining Corporation 
(N.P.L.). St. Lawrence purchased 42 per- 
cent of the outstanding shares of Main 
Oka during 1966. Columbium Mining 
Products Ltd., also located in the Oka 
district near the St. Lawrence mine, 
announced that it had signed a contract 
with Continental Ore Corp. of New York 
to deliver approximately 2.6 million 
pounds of Cb: Os in pyrochlore concen- 
trate annually over a 10-year period 
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starting in 1968. A 1,000 ton-per-day mill 
to be built will employ a different process 
than that used by St. Lawrence. Initially, 
open pit mining will be used. Ore re- 
portedly contains approximately 0.43 per- 
cent CbsO;, about the same as at St. 
Lawrence. Implementation of this con- 
tract did not materialize owing to lack of 
sufficient financing and the contract 
lapsed. However, Continental Ore holds 
an option to reinstate the contract in 
the event that Columbium Mining is 
successful in obtaining the required 
capital. 

A major pyrochlore deposit was being 
explored in the James Bay Area lowlands 
of Northern Ontario about 50 miles 
south of Moosohee and 400 miles north of 
Toronto by a group of companies headed 
by Imperial Oil Enterprises and including 
Consolidated Morrison Explorations Ltd., 
Goldray Mines, and Argor Explorations. 
Exploratory drilings indicated a deposit 
containing more than 40 million tons of 
pyrochlore ore averaging at least 0.52 
percent Cb+sOs and extending to a depth 
of 1,000 feet. Additional columbium ex- 
ploration work was conducted by Consoli- 
dated Manitoba Mines on its property in 
the James Bay lowlands adjoining the 
Imperial Oil-Consolidated Morrison prop- 
erty. 

During 1967, Min-Ores Mines began 
diamond drilling operations to evaluate 
the grade and extent of the columbium 
ore discovered in 1966 beneath Callander 
Bay, Lake Nippissing, Northern Ontario. 


International Bibis Tin Mines optioned 
the Peg Tantalum property in the 
Yellowknife area on the north shore of 
Great Slave Lake, Northwest Territory, 
and will explore the property jointly with 
the Rare Metals Division of CIBA Corp. 


The complex cesium-tantalum-beryl- 
lium-lithium-gallium ore deposits of 
Chemalloy Minerals Ltd. (Toronto) at 
Bernic Lake, Manitoba, were explored by 
a joint venture between Chemalloy and 
Goldfields Corp. (New York).  Pre- 
liminary investigations indicated sub- 
stantial ore deposits averaging 0.39 per- 
cent Ta: Os. Development work will be 
conducted by Tantalum Mining Corp. 
(Ontario) owned 60 percent by Goldfield 
and 40 percent by Chemalloy. It is an- 
ticipated that a milling plant will be 
constructed adjacent to the Bernic Lake 
property in 1968. 
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Congo (Kinshasa).—The production of 
columbium and tantalum mineral concen- 
trates continued to decrease during the 
year as GEOMINES, Compagnie Miniére 
des Grand Lacs Africans (MGL), and 
Minerga-Congo were troubled with labor 
relocation problems resulting from polit- 
ical disturbances. The Union Carbide 
Corp. pyrochlore deposit, which originally 
was being developed for production in 
1967, encountered political problems 
which prevented the aquisition of a min- 
eral concession from the  Congolese 
Government and little actual develop- 
ment work was conducted during the 
year. When this property is developed 
further, the Congo (Kinshasa) will pro- 
duce columbium concentrate from pyro- 
chlore and tantalum concentrates from 
tin slag. 


France A new  Péchiney research 
center to be known as SOFEREC was 
dedicated in October at Voreppes near 
Grenoble. This new center wil be the 
largest research complex for nonferrous 
metals in Europe and will conduct re- 
search on columbium and tantalum for 


use in the nuclear, aeronautical, space, 
chemical, and electronic industries. 


Ivory Coast.—Sté. Anonyme de Re- 
cherches et d’Exploitations Miniére de 
Cóte d'Ivoire (SAREMCI) ceased pro- 
duction of columbite-tantalite concen- 
trates from the Bouke deposits. 


Kenya.—Two reports on the Mrima 
Hill pyrochlore deposit were published 
which described the geology and minera- 
logy, ore reserves, ore treatment, and 
columbium recovery operations attem- 
pted. Overall reserves exceed 41 million 
tons containing 0.67 percent Cb:Os and 
1.25 million tons containing 1.75 percent 
CbzOs. Development of the deposit has 
been hindered by the complex and vari- 
able nature of the ore. Studies currently 
are being made on procedures for recover- 
ing the columbium and other constituents 
by pyrometallurgical methods. 

Mozambique.— Production of tantalum- 
mineral concentrates by three local Por- 
tuguese firms, Empresa Mineira do Alto 


3 Binge, F. W., P. Joubert, and J. E. Mason. 
The Mrima Hill Deposit, Coast Province, 
Kenya. Ministry of Natural Resources, Mines 
and Geological Dept., Republic of Kenya, Inf. 
Circ. 2, 1966, 51 pp. 

Harris, P. M., and D. V. Jackson. Investiga- 
tions Into the Recovery of Niobium From the 
Mrima Hill Deposit. Trans. Inst. Min. and 
Met., Sec. C, v. 75, London, 1966, 17 pp. 
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Ligonha (EMDAL), Sociedade Mineira 
de Marropino, Lda., and Sociedad 
Mineira de Mutala, Lda., was almost 
entirely from the pegmatite mining area 
of northern Mozambique and was reported 
to be at a level of about 60 tons of tanta- 
lite (60 percent TazOs) and 70 tons of 
microlite (75 percent TazOs) annually. 
Higher production is anticipated as a 
result of the scheduled opening of two 
new mining areas and concentrating plants 
by the country’s chief tantalum producers. 

While the largest Mozambique pegma- 
tite, located at Muiane, was worked in 
1966 by EMDAL primarily for its beryl 
content, the sluice plant was believed to 
have also recovered about 250 grams of 
tantalum concentrate per ton of which it 
is estimated that approximately one-third 
is microlite (60 percent Ta: Os) and two- 
thirds is tantalite-columbite concentrate 
(40 percent Ta: Os and 30 percent 
Cb:0s). EMDAL is reportedly installing 
extra concentrating equipment including 
a screen, jig, and two tables to treat 80 
tons of ore per 8-hour day. EMDAL is 
also working the small Gelo pegmatite 
deposit about 16 miles from Muiane on 
the Gilé road. The yield from this work- 
ing was estimated to be about 500 grams 
of 40 percent TasOs concentrate per 
metric ton of ore. 

Marropino produced microlite con- 
centrate from a pegmatite deposit at 
Morrua about 23 miles northeast of 
Mulevala and tantalite concentrate from 
a second deposit at Marropino, about 18 
miles south of Morrua. The average con- 
centrate grade from these two operations 
was 60 percent TazOs, and during the 
first half of 1966 recovery reportedly 
averaged 500 grams per ton while recovery 
during the second half of the year was 
believed to average 1,000 grams per ton 
as a result of encountering a pocket of 
higher grade ore. The problem of lack of 
water, which had previously restricted 
production at Marropino, was remedied 
by the construction of three dams to store 
and provide a constant year-round water 
supply. 

Foreign investment, represented by 
Derby & Co., a subsidiary of Philipp 
Brothers Corp. of New York, by Rand 
Mines of Johannesburg, and by the 
Johannesburg Consolidated Investment 
Co., expressed interest in acquiring the 
tantalite properties of Mutala and of 
Marropino. 
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Netherlands.—Capacity was doubled at 
the aluminum-base columbium and tan- 
talum master alloy facility in Arnhem, 
operated by N.V. Kawecki-Billiton Matall- 


industrie, a subsidiary of  Kawecki 
Chemical Co, and N. V. Billiton 
Maatschappij. 


Nigeria.—Columbium continued to be 
recovered almost exclusively as a co- 
product of tin mining. All columbite and 
tantalite mining operations were in the 
Northern Province of Nigeria. High-grade 
tantalite (65 percent Ta: Os) ore was 
recovered by hand-sorting primarily dur- 
ing the rainy season when enough water 
is available. Most of the larger companies 
were emphasizing mechanization to over- 
come the labor availability and cost prob- 
lems involved in hand-sorting operations. 

Although several major producers have 
increased production of columbite and 
tantalite by the use of modern equipment, 
internal disturbances within Nigeria have 
caused several small operations to close. 

Juntar Nigeria Co. Ltd., one of the 
country’s largest columbite producers, re- 
portedly has reserves of almost 10 million 
pounds of columbium concentrate. 


Norway.—Mining rights to the low- 
grade pyrochlore deposit at Sove, near 
Ulefoss in the Telemark district, were 
transferred from Norsk Bergverk A/S, the 
state-owned company which suspended 
mining operations in the fall of 1965, to 
a partnership between the West Germany 
company Metallgesellschaft A. G. and 
Fangel and Co. A/S of Norway for an 
initial period of 3 years. The partnership 
was seeking to develop a method of 
economically working the large, low-grade 
deposit. 

Rhodesia, Southern—Kamativi Tin 
Mines, Ltd., a Dutch-controlled company 
near Wankie, continued to be the major 
producer of tantalite which was recovered 
as a magnetic byproduct from tin con- 
centrates before smelting. Kamativi re- 
portedly increased its total productive 
capacity to 50,000 tons of ore per month 
in 1966. 

Although official production figures on 
columbium and tantalum ceased to be 
reported by Southern Rhodesia following 
its unilateral declaration of independence 
(UDI) proclaimed in November of 1965, 
an indication of the country’s continued 
Cb-Ta production is given by U. S. im- 
ports, tables 10 and 11. 
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South Africa, Republic of.—The newly 
formed company,  Thermometallurgical 
Corporation (Pty.) Ltd. will be the 
country’s first ferroalloy producer and will 
produce ferrocolumbium,  ferrotantalum, 
and other ferroalloys from domestic and 
imported ores. 

U. S. S. R. Trade journals reported that 


for the first time ferrocolumbium of 
Soviet origin was being offered for sale 
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on the free world market and that small 
quantities were purchased in Western 
Europe for examination during 1966. 


United Kingdom.—A new plant was 
constructed by Kawecki Chemical Co. in 
Darley Dale, England, early in the year 
to produce the aluminium-base columbium 
and tantalum master alloys required by 
the U. K. ferroalloy industry. 


TECHNOLOGY 


To develop alloys suitable for use at 
elevated temperatures, columbium and 
tantalum were combined with tungsten, 
hafnium, zirconium, molybdenum, vana- 
dium, and titanium, and the resulting 
alloys were evaluated with respect to 
strength at elevated temperatures, oxida- 
tion resistance, and fabricability.4 Of the 
alloys investigated, the Cb-Hf-W-Ti and 
the Cb-Hf-Mo series exhibited the 
optimum combination of high temperature 
properties. 


In another Bureau of Mines study, addi- 
tions of carbon, aluminum and chromium 
were made to high-temperature colum- 
bium-base alloys to evaluate the effects of 
solid solution strengthening and precipita- 
tion hardening caused by these alloy addi- 
tions.* 


The trend toward higher operating 
temperatures to improve the efficiency of 
space power and propulsion systems has 
led to the development of extruded tubing 
of columbium and tantalum alloys (B—66 
and  T-111, respectively), which can 
serve reliably in extremely rigorous high- 
temperature environments.® In addition to 
their good high-temperature, high-strength 
properties, these alloys possess the ductility, 
fabricability, and corrosion resistance that 
make them suitable for tubing to conduct 
liquid metal coolants in space reactors. 


Studies by U. S. Atomic Energy Com- 
mission contractors evaluated the effects 
of radiation of columbium and tantalum 
metals and their alloys.’ Special attention 
was given to determining the effects of 
fast neutron irradiation on Cb- and Ta- 
based alloys being considered for cladding 
and structural materials in fast “breeder” 
reactors. Preliminary data indicates that 
neutron irradiation does not adversely 
effect the structural and cladding proper- 
ties of these alloys. 


Studies of the compatibility of construc- 
tion materials with liquid and vapor 
alkali metals indicated that columbium, 
columbium-base alloys, tantalum, and 
tantalum-base alloys, possessed excellent 
compatibility with sodium, sodium-potas- 
sium (NaK), potassium, lithium, and 
cesium metal coolants and should be suit- 
able for use in nuclear reactors using these 
coolants. Columbium and tantalum alloys 
are suitable for application with liquid 
metals when the oxygen content of the 
molten metals is kept low to prevent 
detrimental reaction of the oxygen with 
columbium and tantalum alloys. 

Because they do not readily react with 
plutonium and plutonium alloy fuels, 
tantalum and tungsten were both satis- 
factory materials for fuel containment in 
the Los Alamos Molten Plutonium Reactor 
Experiment (LAMPRE), but tantalum 
was preferred because of its greater ease 
of fabrication.? 


4 Babitzke, H. R., and H. Kato. Columbium 
and Tantalum Alloy Development. BuMines 
Rept. of Inv. 6964, 1967, 18 pp. 

Babitzke, H. R., R. E. Siemens, and H. Kato. 
High-Temperature Columbium and Tantalum 
Alloys. BuMines Rept. of Inv. 6777, 1966, 16 


pp. 

5 Yoda, Renpei, H. R. Babitzke, and H. Kato. 
Study of Columbium-Base Alloys. BuMines 
Rept. of Inv. 6988, 1967, 34 pp. 

6 Buckman, Jr., William, and John L. 
Godshall. Refractory Alloy Tubing for Space 
Power Systems. Metal Progress, v. 89, No. 3, 
September 1966, pp. 105-110. 

7 Norman, Edgar C. (ed.). Summaries of 
Fast Fuels and Materials Development Pro- 
grams. U.S. Dept. of Commerce, Clearing- 
house for Federal, Scientific, and Technical 
Information, USAEC-TID-6506, pt. 3, 4th ed., 
May 1966, 253 pp. 
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J. H., E. M. Simons, J. A. DeMastry, 
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rials. Battelle Memorial Inst., Columbus, Ohio, 
DMIC Rept. 227, Apr. 15, 1966, 112 pp. 
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Copper 


By J. A. Rowland and Gertrude N. Greenspoon ° 


In its closing months, the year 1967 
was frequently characterized as “the year 
of the strike.” This referred to the series 
of strikes that closed more than 90 per- 
cent of the domestic copper producing 
industry and eventually developed into 
the longest and costliest series of strikes 
in the history of the copper industry. The 
possibility that strikes would occur in the 
United States was recognized by the cop- 
per producing and fabricating industries 
even in 1966, and stocks were built up on 
that basis. However, the opening months 
of 1967 presented more immediate prob- 
lems. A January 1967 article on prospects 
for the new year? discussed numerous 
crises threatening the free world’s copper 
supply, yet ignored the possibility of 
copper strikes in the United States. Al- 
most 8 percent of free world copper sup- 
plies were being withheld until a dispute 
between the Congolese Government and 
Union Miniére du Haut-Katanga could 
be settled. Also, there was the prospect 
of further curtailment of copper shipments 
from Zambia; a threat realized on Jan- 
uary 31, when Anglo-American Corpora- 
tion (Central Africa), Ltd., announced a 
55-percent reduction in their normal Feb- 
ruary deliveries. There were also im- 
mediate threats of strikes in Chile and 
Peru. 

Each of these crises assumed greater 
proportions in the face of a demand that 
gave no indication of abating from the 
1966 level, when shipments and bookings 
of U.S. fabricators were at record levels. 
However, the Congolese copper was re- 
leased for world consumption on February 
90 when a formal agreement was signed 
and, despite numerous interruptions, 
Congolese production for 1967 closely 
approached the record 348,000 tons of 
1966. The Zambian crisis was also al- 
leviated, as temporary remedies were 
found for the fuel shortage and transporta- 


tion difficulties that hampered production 
in that country. Furthermore, the strikes 
anticipated in Chile and Peru were averted 
for a time. In addition, a substantial de- 
cline in demand for copper and brass- 
mill products had become evident by May. 
Thus, by midyear, copper production was 
well in line with demand throughout the 
free world, and the size of U.S. consumer 
stocks seemed to afford adequate protec- 
tion against any anticipated strikes at 
domestic producers. The strikes began on 
July 15, and for the remainder of the 
year their effects dominated the industry 
and the copper markets of the free world. 


A large proportion of the labor union 
contracts with U.S. copper producers ex- 
pired on June 30, 1967, and only a few 
contracts extended beyond 1967. Two 
large unions, The United Steel Workers 
of America and the International Union 
of Mine, Mill and Smelter Workers were 
allied with 12 smaller unions for the 
negotiation of new contracts. The major 
producers involved were American Smelt- 
ing and Refining Company, The Anaconda 
Company, Kennecott Copper Corp., 
Phelps Dodge Corp., Inspiration Con- 
solidated Copper Co., Magma Copper Co., 
and U.S. Metals Refining Co. 

Negotiation of new contracts involved 
the usual questions of wages, pensions, 
and working conditions, but the crucial 
question concerned the establishment of 
a bargaining procedure. The unions de- 
manded company-wide bargaining and 
company-wide contracts; the companies 
were adamant in rejecting that demand. 
Thus, no signficant progress was made 
in the negotiations, despite a 2-week ex- 
tension following the June 30 expiration 
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of many contracts. Therefore, all plants 
without binding contracts were struck on 
July 15. 

The strikes immediately reduced mine 
capacity by 80 percent, smelter capacity 
by almost 90 percent, and refinery capac- 
ity by more than 65 percent. Further 
reductions followed at intervals as con- 
tracts expired at other plants. Smelter 
operations continued to suffer more 
severely than either mining or refining. 
Thus, by September the number of operat- 
ing smelters had been reduced to one 
plant representing less than 2 percent of 
the total U.S. capacity. The overall reduc- 
tion in copper producing capacity was, of 
course, complicated by the disproportionate 
loss in smelter capacity, which forced 
most of the operating mines to stockpile, 
and practically eliminated the flow of 
domestic blister to those refineries which 
remained open. Obviously, stockpiling 
could be only a temporary expedient. 
Therefore, in mid-August the Commerce 
Department began granting licenses for 
the exportation of copper concentrate, 
precipitate, or black copper that could 
not be processed domestically. The first 
series of licenses permitted exportation 
of 11,205 tons of contained copper. The 
opportunity to export concentrate enabled 
some mines in Arizona and Nevada to 
continue operations and, thus, relieved 
slightly and temporarily severe economic 
dislocations brought to those States by the 
copper strikes. 

The loss of domestic blister copper 
supplies presented those refineries that 
remained open with a less serious problem 
than the producing mines faced. More 
than one-third of the available refining 
capacity was regularly engaged in process- 
ing foreign blister, and most of this proc- 
essing was done under European con- 
tract. Such operations, of course, added 
nothing to the domestic supplies of re- 
fined copper. The refineries could also 
resort to increased use of scrap to offset 
the loss of the domestic blister. Of course, 
such expedients could not compensate 
fully or indefinitely for the disruption of 
blister copper supplies. This disruption, 
however, rapidly lost its significance as 
additional strikes reduced refinery opera- 
tions to 18 percent of capacity on No- 
vember 1. 

The first interruption. of the steady 
extension of the strikes came on October 
15 when the 650 employees of the Pima 
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Mining Co. ratified a new 3-year con- 
tract, an important break in the labor 
contract stalemate. However, it had no 
affect on domestic production; operations 
at the Pima installation had not been 
interrupted by the Se 31 expiration 
of the previous union contract. 

The continued operations of Tennessee 
Copper Co. Division, Copperhill, Tenn. 
unit was another exception to the strike 
pattern. In this instance, a new contract 
was negotiated with the International 
Chemical Workers Union without any 
interruption of production. Thus, the 
Copperhill smelter, with an annual capac- 
ity of 90,000 tons of charge, was for 
several months the only producing copper 
smelter in the United States. With these 
exceptions, the strikes continued to spread 
and to impose increasing restrictions upon 
domestic copper production, and there 
was no prospect of a remission as the year 
ended. 

Estimates of the cost of the 1967 copper 
strike varied widely, and all estimates were 
largely subjective. A 1967 loss of 900,000 
tons of U.S. copper production has been 
cited frequently. This estimate seems to be 
high: Production recorded during the 
second half of 1967 fell below production 
in the second half of 1966 by 520,000 tons 
at the mine, by 660,000 tons at the 
smelters, and by 640,000 tons at the 
refineries. On the other hand, any realistic 
estimate of the economic impact of the 
strike must recognize the substantial loss 
in byproducts and the considerable 
deterioration in operating efficiency, which 
is inevitable during a long strike. There- 
fore, estimates of the 1967 cost of the 
copper strikes ranging as high as $1 bil- 
lion cannot be discounted. It should also 
be noted that the economic impact was 
buffered somewhat by abnormally high 
stocks accumulated at every stage of con- 
sumption in anticipation of the strikes. 
Despite these stocks, net imports of copper 
were rising rapidly by the end of the year. 

Increased copper imports however, rep- 
resented a growing deficit in the United 
States trade balance and higher costs for 
the domestic consumer. Also, shortages in 
some forms of copper, which were evident 
locally in November, grew more severe in 
the next few weeks. Before the end of 
December, these shortages and the increas- 
ing cost of copper had forced some manu- 
facturers to stop production. Although the 
number of these manufacturers was small 
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in December, such events warned that 
the strike’s crucial stage would come with 
the new year. 


Legislation and Government Programs. 
—No orders were issued during 1967 for 
the release of copper from the Government 
stockpile. On orders issued in the pre- 
vious year, a total of 176,000 tons of 
stockpiled copper was distributed during 
the first 9 months of 1967. Of the total, 
150,000 tons had been released by the 
President on December 5, 1966, and 
was restricted to defense applications, to 
offset increases in refined set-asides that 
had been ordered for the first half of 
1967. This release reduced the stockpile 
inventory to 248,000 tons, approximately 
35 percent of the objective. The first 
order setting aside domestic refined cop- 
per for defense applications, BDSA order 
M-11a, DIR 2, was issued on February 
23, 1966. Previous set-asides had applied 
only to brass mills, wire mills, and 
foundries. The new order required each 
refinery to reserve for defense use a por- 
tion of its monthly production equal to 
10 percent of its 1965 average monthly 
production from domestic ores. The 10- 
percent set-aside was increased to 13 per- 
cent on May 27, 1966, to 18 percent on 
August 15, and to 23 percent for the last 
quarter of 1966. The final increase 
brought set-asides for the first half of 
1967 to 26 percent, and this set-aside 
continued for all of 1967. With the July 
15 onset of the strikes they rapidly be- 
came ineffective as a means of insuring 
adequate supplies of copper for defense 
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applications, and the Government resorted 
to voluntary cooperation in meeting de- 
fense needs. 

On November 29, 1967, the General 
Services Administration (GSA) announced 


. its first contract for domestic copper pro- 


duction expansion under a program 
authorized by the President on March 29, 
1966. The contract was with Duval Sier- 
rida Corporation, a subsidiary of Duval 
Corp. of Houston, Tex. and provided for 
development of an open-pit mine adjacent 
to Duval Corp.’s Esperanza mine in Pima 
County, Ariz. Under the contract, GSA 
will advance a total of $83,000,000 against 
future deliveries of copper at a price of 
38 cents per pound. GSA wil also 
guarantee a private loan of $48,750,000 at 
an initial rate of 70 percent of the prin- 
cipal. The balance of the estimated $151,- 
000,000 required to bring the mine into 
production is to be supplied by the Duval 
Corp. and development is to be financed 
with private funds until August 1968 
when the first installment of the Govern- 
ment loan will be advanced. The mine 
is expected to begin production late in 
1969, with output expected to approxi- 
mate 57,000 tons of copper per year for 
the first 5 years and 68,000 tons per year 
over the next 15 years. The mine 1s also 
expected to produce approximately 
12,000,000 pounds of molybdenum and 


455,000 ounces of silver each year. 

The contract with Duval obligates $83 
million of the $100 million commitment 
authority provided in the Defense Produc- 
tion Act of 1950, as amended. 
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Table 1.—Salient copper statistics 


1963 1964 1965 1966 1967 
United States: 
Ore produced... thousand short tons. _ 146 , 450 155,200 173,286 186,966 127,066 
Average yield of copper percent. 0.74 0.73 0.70 0.67 0.63 
Primary (new) copper produced—- 
From domestic ores, as reported by— 
Mines. short tons 1,218,166 1, 246, 780 1,351,734 1,429,152 954, 064 
Value thousands.. $747,310 $812,901 $957,028 $1,033,850 $729,401 
Smelters.... ..... short tons.. 1,258,126 1,301,115 1,402,806 1,429,863 841,343 
Percent of world total.. 23 23 23 24 14 
Refineries......... short tons 1,219,342 1,259,852 1,385,660 1,353,087 846,551 
From foreign ores, matte, etc. as 
reported by —refineries 
short tons 377,009 396, 543 376, 133 357,897 286,431 
Total new refined, domestic 
and foreign...short tons. 1,596,851 1,656,395 1,711,798 1,710,984 1,132,982 
Secondary copper recovered from old 
Š aap Only. crore short tons 421, 843 473, 521 518 , 436 534,860 482,659 
xports: 
Metallic copper do.... 844,960 381 , 432 379 , 498 319,314 200,078 
Refined__ ------- do.... 311,479 316,230 824, 965 273,071 159, 858 
Imports, general: 
Un manufactured short tons 539,396 586,064 523,141 583, 507 648,941 
Refined- .... Se do.... 119,219 139,974 187, 443 162, 602 330,347 
Stocks Dec. 31, producers: 
Refineddd short tons. . 52,000 37,000 85,000 48,000 27,000 
Blister and materials in solution 
short tons 252,000 246,000 246,000 270, 000 220, 000 
Total. ff§³§²ẽ oru S 2222 do.... 304,000 283,000 281,000 313,000 247, 000 
Withdrawals (apparent) from total sup- 
ply on domestic account: 
Primary copper short tons 1,428,000 1,495,000 1,526,000 1,593,000 1,320,000 
Primary and old copper (old scrap 
only). ee ee ed short tons.. 1,845,000 1,969,000 2,089,000 2,128,000 1,803,000 
Price: Weighted average 
cents per pound 80.8 82.6 45.3 36.2 38.2 
World: 
Production 
Mine cso ee ee short tons.. 5,087,916 5,290,698 5,527,819 5,788,603 5,435,787 
Smelter__________ do.... 5,447,055 5,770,786 6,078,188 6,072,744 5,849,748 
Price: London, average cents per 
poünd EE 29.25 43.88 58.52 69.04 51.19 


DOMESTIC PRODUCTION 


PRIMARY COPPER 


Mine Production.—In the first half of 
1967, U.S. mine production was almost 
6 percent greater than in the first half 
of 1966. In the second half, however, the 
strikes limited production to slightly more 
than one-quarter of the tonnage mined 
in the preceding half year. Thus, mine 
production for the entire year was reduced 
to two-thirds of that in 1966. 

The impact of the strikes was fairly well 
distributed among producing States; but 
there were some noteworthy exceptions. 
Montana’s 1967 production ended on July 
15, the day the strikes began. Tennessee, 
on the other hand, escaped the strikes 
entirely and produced more copper in the 


second half of 1967 than in the first half. 
Also, Pennsylvania’s relatively small ton- 


nage of coproduct copper actually in- 
creased in 1967 by a considerable per- 
centage over the 1966 production. 
Recovery of precipitate copper was 
affected to a much lesser extent by the 
strikes than by other mining operations. 
In some instances, recovery of precipitate 
was continued after other mining opera- 
tions had been halted to avoid pollution 
of streams. A substantial increase in 
facilities for recovering precipitate copper 
also had an effect in 1967. These two sets 
of circumstances brought 1967 precipitate 
recovery to within 84 percent of the 1966 
tonnage. They also raised the ratio of 
precipitate copper to copper recovered by 
other methods from 11 percent in 1966 to 
16 percent in 1967. Undoubtedly, a sub- 
stantial portion of this increase must be 
attributed to the effect of the strikes. It 
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is also certain, however, that the trend 
toward an increasing dependence on leach- 
ing for recovery of a significant portion of 
the domestic copper continued during 


1967. 


Smelter Production.—Although smelter 
capacity was reduced by the strikes to 
less than 2 percent for a significant portion 
of the second half of the year, smelter 
production for 1967 approached 59 per- 
cent of the 1966 tonnage. Much of the 
production was concentrated in the first 
half of 1967, and followed the normal 
distribution between domestic, foreign, and 
secondary copper. As with mine produc- 
tion, the steady increase in production 
capacity was concealed by the effects of 
the strike. 


Refinery Production.—The U.S. strikes 
had a less drastic effect on refinery ca- 
pacity than on either mining or smelter 
capacity. About 65 percent of refinery 
capacity was cut off on July 15, but 20 
percent was maintained throughout the 
year. A part of this capacity was employed 
totally in refining foreign copper. How- 
ever, sufficient capacity was available to 
bring the year’s total production to ap- 
proximately 63 percent of the 1966 total. 
Due to the disruption of mine and 
smelter production, refineries were forced 
to depend to an abnormal extent upon 
secondary materials and to a somewhat 
lesser extent on imports. Therefore, re- 
fined copper production from secondary 
materials and from foreign ores amounted 
to 78 percent and 66 percent of the 
corresponding production in 1966, 
respectively. 


Copper Sulfate.— Operations of the cop- 
per sulfate-producing industry were also 
adversely affected by the strikes, and 
production declined 22 percent, the 
smallest since 1962. Shipments, also 22 
percent below that of 1966, totaled 
40,600 tons, of which producers' reports 
indicated 17,000 tons was for agricultural 
uses, 22,600 for industrial uses, and 1,000 
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for other uses, chiefly for export. Stocks 
at yearend were 21 percent less than at 
the end of 1966. 


Byproduct Sulfuric Acid.—Sulfuric acid 
produced from the sulfur content of sul- 
fide ores at copper smelters decreased 26 
percent in 1967 as a result of the almost 
90-percent reduction in smelting capacity. 
An 8-percent decrease in output at zinc 
plants was due principally to reduced 
activity at those plants. 


SECONDARY COPPER AND BRASS 


Recovery of copper in the United States, 
in alloyed and unalloyed form, from all 
classes of purchased nonferrous scrap 
totaled 1.16 million tons in 1967, down 
13 percent from the record set in 1966. 
Copper recovered in all forms from copper- 
base scrap was only slightly less than that 
recovered in 1966 at secondary smelters 
but was down 22 percent at primary cop- 
per producers, 13 percent at brass mills, 
and 18 percent at foundries, chemical 
plants and miscellaneous manufacturers. 
Copper recovered from new scrap was 58 
percent of the total copper recovered in 
1967; (60 percent in 1966). 

Consumption of purchased copper-base 
scrap totaled 1.5 million tons, a decrease 
of 17 percent from that of 1966. Use at 
secondary smelters dropped 3 percent to 
423.000 tons, of which 77 percent (76 
percent in 1966) was old scrap. Primary 
producers used 480,000 tons, a 30-percent 
decrease from that used in 1966, and 
brass-mill consumption fell 14 percent to 
539,000 tons. Foundries and other plants 
used 100,000 tons compared with 125,000 . 
tons in 1966. 

Primary producers recovered 343,000 
tons of refined copper from secondary 
materials, 22 percent less than in 1966. 
Secondary smelters recovered 63,300 tons 
of refined copper, an increase of 19 per- 
cent, but output of brass and bronze ingots 
fell 11 percent. Production of brass-mill 
products decreased 13 percent. 


CONSUMPTION 


Apparent withdrawals of primary copper 
totaled 1.3 million tons, 17 percent below 
1966; the lowest amount since 1961. 

Actual consumption of refined copper 
also dropped substantially. At the begin- 
ning of 1967 copper consumption was at 


the high monthly rates of 1966 and in 
March 1967 rose to 215,000 tons ex- 
ceeding the previous high for the month 
set in 1966. Consumption fell sharply 
in July, rose to 139,000 tons in August, 
but dropped thereafter to 119,000 tons 
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monthly in the last 2 months of the year. 
Data on actual consumption are based 
on consumers’ reports of quantities enter- 
ing processing, with no adjustments of 
stock changes of material in process. 
Unlike table 25, in which only new cop- 
per is included as far as possible, table 26 
does not distinguish between old and new 
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copper but includes all copper in refined 
form. 

Distribution of actual consumption by 
use groups followed the usual pattern 
with wire mills consuming 64 percent (58 
percent in 1966) and brass mills 34 per- 
cent (39 percent) of the total. 


STOCKS 


High consumption during the early 
months of 1967 coupled with reduced 
domestic production caused stocks of re- 
fined copper held by primary producers 
to drop 37 percent to the lowest figure 
since 1959. Unrefined copper stocks rose 
to a high of 303,000 tons on May 31 but 
fell in each month thereafter to the year- 


end total of 220,000 tons. 

Fabricators’ stocks of refined copper, in- 
cluding in-process metal and primary 
fabricated shapes, were 479,600 tons at 
yearend, 14 percent less than at the 
beginning of the year. Working stock 
inventories increased 8,400 tons during 
the year. 


PRICES 


On January 5, Phelps Dodge Corp. 
increased its domestic price for electrolytic 
copper from 36 cents per pound to 38 
cents per pound. Other major producers 
followed suit, and by Monday, January 9, 
domestic producers’ electrolytic wire bar 
was quoted at 38 cents to 38.25 cents per 
pound. Kennecott Copper Corp. quoted 
the 38.25 cent price. The January 9 price 
range was maintained for the remainder 
of the year. However, there was practically 
no U.S. produced copper available during 
the last 2 or 3 months of 1967; thus, the 
quoted producers’ price was irrelevant in 
the last quarter of the year. 

The Metals Week January quotation 
for primary copper sold in the United 
States, f.o.b. refinery, was 37.9 cents per 
pound. This monthly quotation is the 
average of the weighted daily averages for 
sales of copper in the United States regard- 
less of the origin of that copper. The 
quotation for domestic copper fluctuated 
between 37.9 cents per pound and 38.2 
cents per pound during the first 6 months 
of 1967. In July the price rose to 38.3 
cents. In August, it was 39.1 cents per 
pound, and in September the quotations 
were discontinued, because domestic sales 
had declined to an insignificant quantity. 
The quotation for primary copper exported 
from the United States, f.o.b. refinery, 
was 49.8 cents for the month of January 
1967. After rising to 50.2 cents in Feb- 
ruary, the price declined to less than the 


January quotation and remained at that 
level until the year’s high, 54.7 cents per 
pound, was reached in November. The 
December price for export copper was 
53.6 cents per pound. 

The London Metal Exchange spot price 
for copper wire bar averaged 56.3 cents 
for the month of January. The February 
spot price declined to 55.3 cents per 
pound; this decline continued to an April 
low for the year of 45.1 cents per pound. 
The price then fluctuated to slightly 
higher values until it rose to 51.3 cents in 
October, and then to the year’s high of 
62.2 cents in November. The December 
spot price on the London Metal Exchange 
averaged 60 cents per pound. Although 
these monthly averages concealed some of 
the wider daily fluctuations, reaction on 
the London Metal Exchange to the U.S. 
strikes was moderate during practically the 
entire second half of the year. The market 
reacted briefly to apparent changes in the 
strike status in the United States; but 
there was no sustained rise in prices until 
it became obvious in October that U.S. 
fabricators were being forced into increas- 
ing dependence on European markets for 
their copper supplies. To a significant ex- 
tent, this moderation in the London Metal 
Exchange spot quotations could be attrib- 
uted to the dampening effect of a sluggish 
European demand for copper during the 
first three quarters of the year, 
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FOREIGN TRADE 


During the first 6 months of 1967, 
United States export controls permitted 
the exportation of 16,500 tons of copper 
content in copper scrap, 25,000 tons of 
domestic refined copper, 1,000 tons of 
copper contained in copper-base alloy, 
and 9,000 tons of copper contained in 
semifabricated copper products and master 
alloys. The controls were retained for July 
and August, with a 2-month quota equal 
to one-third of the 6-month quota, and 
then continued at that rate for the re- 
mainder of the year. 

A virtual embargo had been placed on 
exports of domestic origin copper on 
January 20, 1966. However, the strikes 
rapidly disrupted the normal relations be- 
tween domestic mines, smelters, and re- 
fineries, immediately closing the smelters 
that had been the only domestic outlet for 
most of those mines remaining in opera- 
tion. The mines, therefore, began to ac- 
cumulate concentrate at a rate that would 
soon force an interruption of their opera- 
tions. To relieve this situation, export 
regulations for copper ore, concentrate, 
matte, and blister were amended to permit 
licensing for export of those commodities 
when domestic facilities were not availa- 
ble for their further processing. Details of 
the amendment were published in the 
Federal Register. The licensing arrange- 
ment was later modified to permit the 
exportation of scrap that could not be 
processed in the United States for technical 
or economic reasons or because of the 
strike. 

The protracted strikes were the basic 
cause of substantial changes in the pat- 
terns of U.S. copper exports. An in- 
crease in exports of ore, concentrate, and 
matte to 25 times the 1966 level came in 
the last 5 months of 1967, after tight ex- 


port controls were relaxed to release stocks 


accumulating at mines. Scrap exports were 


also concentrated in the last 5 months 
of 1967; but relatively small first half 
exports left the annual total at about the 
1966 level. On the other hand, the drastic 
reduction in domestic production of re- 
fined copper brought a corresponding re- 
duction in the exportation of refined cop- 
per. Exports in the first 7 months of 1967 
approximated the monthly averages for 
1966; but for the remaining 5 months ex- 


ports fell to one-fifth of that average. This 
brought the year’s exports of refined cop- 
per to less than 60 percent of the 1966 
total. Although exports of mill products 
declined significantly as the strikes affected 
domestic supplies, the decline was far less 
than in the case of refined copper. 

Most of the substantial increase in con- 
centrate exports was distributed to four 
countries; Japan received the largest por- 
tion, and Canada, West Germany, and 
Belgium-Luxembourg shared much of re- 
mainder. This distribution was determined 
to some extent by the available smelter 
Capacities in each country and by geo- 
graphical location. 

A 50-percent increase in exports of cop- 
per-base alloy scrap accounted for most of 
the 1967 increase in alloy exports. 

General imports of unmanufactured cop- 
per increased in 1967 by about the same 
amount as in 1966. However, the pattern 
of imports was altered by the strikes to 
the extent that imports of refined copper 
accounted entirely for the overall in- 
crease offsetting substantial declines in all 
other import categories. Imports for con- 
sumption followed a pattern somewhat 
similar to the one for general imports with 
two exceptions: Consumption, early in 
1967, of concentrates imported under bond 
in previous years caused a sharp increase in 
1967 imports of ore, concentrate, and 
matte. Also, imports of refined copper for 
consumption emphasized the loss of do- 
mestic refined copper as a result of the 
strikes. Canada provided most of the in- 
creased imports of refined copper; West 
Germany and Chile also contributed 
substantially. 

Tariff.—A June 30, 1967, agreement 
at Geneva, under the Trade Expansion 
Act of 1962, scheduled tariff reductions 
for unwrought copper for each of 5 years 
beginning January 1, 1968. The scheduled 
rates for 1968 through 1972, in chron- 
ological order, were 1.5 cents, 1.3 cents, 
1.1 cents, 1 cent, and 0.8 cent per pound 
of copper content. 

The 1.5 cent per pound duty on ore, 
unwrought copper, waste, and scrap was 
suspended during all of 1967 by Public 
Law 89—468. 


4 Federal Register. 
Related Special Provisions. V. 32, 
Sept. 26, 1967, 7 pp. 


Licensing Policies and 
No. 186, 
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WORLD REVIEW 


On June 1, representatives of Chile, the 
Congo, Peru, and Zambia met in Lusaka, 
Zambia, to discuss common problems con- 
cerning copper. The Lusaka meeting was 
probably one of the most significant 
developments of the year, with respect to 
the future of the world copper industry. 
Although the meeting brought no real 
commitments, it did formalize a level of 
cooperation that had not previously existed 
between the four nations. The first positive 
evidence of this cooperation came with the 
establishment, at the meeting, of a per- 
manent “Inter-Governmental Council Of 
Copper Exporting Countries.” Since the 
four participating countries produce about 
40 percent of the world’s copper supply, 
their coordinated actions can, undoubtedly, 
have considerable effect on copper supply 
and price. There were, however, numerous 
assurances from the participants that no 
cartel to control price was planned. 


NORTH AMERICA 


Canada.—A record output of copper 
was reported in Canada with mine produc- 
tion 17 percent greater than in 1966. In- 
creases of 33 percent in Ontario, 55 per- 
cent in British Columbia, and 16 percent 
in Saskatchewan more than offset de- 
creased output in Quebec, Manitoba, and 
New Brunswick. Operations throughout 
Canada were uninterrupted during the 
year and six new mines were brought into 
production. Output was recorded in Yukon 
for the first time since 1962. Production of 
refined copper rose 15 percent over that 
of 1966 to 500,000 tons. Consumption fell 
nearly 15 percent to 224,400 tons. 

Canada’s leading producer, The Inter- 
national Nickel Company of Canada, Ltd. 
(Inco), produced a record 20.4 million 
tons of ore, 3 percent more than the 
company’s previous high of 19.8 million 
tons in 1965. Deliveries of copper totaled 
155,500 tons compared with 146,500 tons 
in 1966. A program of development work 
was carried forward at the nine operating 
mines in the Sudbury District, Ontario, 
and at the Thompson mine in Manitoba. 
By the end of 1967, the Thompson No. 
3 shaft, extensions at the Clarabelle open- 
pit mine, and the open-pit operation 
adjacent to the Crean Hill mine were in 
operation. When this development program 
is completed, Inco is scheduled to have 


18 operating mines in Canada, of which 
five new mines are in Ontario and three 
in Manitoba. In Ontario, the Copper Cliff 
North mine is schedued to begin produc- 
tion in 1968 with full output in 1970, the 
Coleman and Little Stobie mines in 1969, 
and full production at the Kirkwood mine 
in early 1970. In late 1967, development 
of the Copper Cliff South mine was begun; 
production is expected in about 3 years. 
In Manitoba, production from the Birch- 
tree mine is planned for the last quarter 
of 1968 and from the Soab mine in the 
first quarter of 1969. Work was started 
on the Pipe mine, and production is 
scheduled for 1970. 

Mill, smelter, and refinery facilities were 
being expanded to handle increased ore 
output resulting from the mine develop- 
ment program. The 22,500-ton-per-day 
Frood-Stobie mill produced its first cop- 
per-nickel concentrate in the latter part 
of 1967. Major changes in the flotation 
circuit and dewatering facilities were made 
at the Copper Cliff mill in order to process 
Frood-Stobie concentrate. An addition to 
the Levack mil, under construction at 
yearend, will permit removal of up to 
1,500 tons per day of pyrrhotite concen- 
trate and thus release smelting capacity 
of Copper Cliff. Expansion of the 
Thompson mill, smelter, and refinery, 
begun in early 1967, will enable the com- 
pany to process increased ore production 
in that area. 

Falconbridge Nickel Mines, Ltd., treated 
2.2 million tons of ore compared with 2.1 
million in 1966. Delivery of 16,200 tons 
of copper was slightly below the 16,400 
tons delivered in 1966. Expansion and 
development programs at the Strathcona, 
Longvack South, and Lockerby properties 
continued throughout the year. The 6,000- 
ton-per-day Strathcona mill was nearing 
completion. 

At the Geco mine in the Manitouwadge 
District, Ontario, Noranda Mines, Ltd., 
produced 1.46 million tons of ore averag- 
ing 2.02 percent copper from a copper-zinc 
ore body. The concentrate output con- 
tained 27,800 tons of copper (26,800 in 
1966) and was shipped to the Noranda 
smelter. 

Willroy Mines, Ltd., milled 503,500 tons 
of ore, of which 338,400 tons were treated 
on a custom basis for Willecho Mines, Ltd. 
Copper content of the concentrate de- 
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creased to 900 tons from 1,100 tons in 
1966. 

Ecstall Mining, Ltd., a subsidiary of 
Texas Gulf Sulphur Co., mined and milled 
3 million tons of ore during the first full 
year’s operation of the Kidd Creek mine 
and concentrator near Timmins. By mid- 
February all three concentrating units were 
in operation, and 205,000 tons of copper 
concentrates containing 25 percent copper 
was produced. At the Kidd Creek open- 
pit mine a zinc-copper ore and a zinc- 
lead-silver ore were produced. Each type 
of ore is handled separately from the mine 
through the mill. The copper concentrate 
is shipped to Noranda for smelting, and 
the blister copper is refined at Montreal 
East, Quebec. The company continues to 
study plans for constructing its own copper 
and zinc smelters and refinery facilities in 
Canada. 

Production in Quebec was 8 percent less 
than in 1966 and the lowest since 1964. 

Gaspé Copper Mines, Ltd., Canada's 
second largest producer, mined 2.86 mil- 
lion tons of ore averaging 1.12 percent 
copper from the Needle Mountain mine, of 
which 1.54 million tons came from the 
open-pit mine. The concentrator treated 
2.76 million tons of ore and produced 
105,900 tons of copper concentrate. The 
smelter treated 298,600 tons of concen- 
trate and flux, including 97,800 tons of 
custom concentrate. Anode production 
amounted to 54,500 tons, a 16- percent 
increase over 1966. After removal of 13.1 
million tons of waste and low grade 
material, the Copper Mountain open-pit 
mine was ready for production. Construc- 
tion of the new crushing plant and ex- 
pansion of the concentrator were virtually 
completed by yearend. Preliminary opera- 
tions were scheduled to begin in early 
1968. 

In the year ending June 30, 1967, 
Merrill Island Mining Corp. treated 
174,700 tons of. ore, of which 115,600 tons 
was produced from the Merrill and Chib- 
Kayrand mines, 45,500 tons for Bruneau, 
and 13,600 tons for Icon. Copper produc- 
tion totaled 1,900 tons compared with 
1,700 tons in 1966. Mining at the Merrill 
and Chib-Kayrand mines is being con- 
ducted on a limited basis and the ore 
stockpiled for future milling. An agreement 
was made with Icon Sullivan Joint Venture 
whereby Merrill would mine and mill the 
ore as operator for Icon Syndicate. Prep- 
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arations for mining began in November 
1966 and on May 23, 1967, the first ore 
was milled. 

Noranda Mines, Ltd., produced 979,000 
tons of ore averaging 1.99 percent copper 
from the Horne mine. Of the total, 855,500 
tons was milled from which 138,500 tons 
of copper concentrate was produced. A 
total of 1.6 million tons of ore, concen- 
trate, flux, and scrap, including 807,700 
tons of custom material, was smelted. The 
19-percent increase in receipts of custom 
concentrate resulted in a record output of 
215,890 tons of anodes containing 212,400 
tons of copper. The pilot plants for testing 
the Noranda continuous smelting process 
and a process for leaching Gaspé oxide ores 
were nearing completion at yearend. 

Output of copper by Canadian Copper 
Refiners, Ltd., a subsidiary of Noranda, 
rose to a record 324,000 tons as capacity 
was increased to 28,500 tons per month 
in May. Difficulties encountered in operat- 
ing at the higher rate were being overcome 
by the rearrangement of several facilities, 
particularly in the flow and handling of 
materials through the process. 

Campbell Chibougamau Mines, Ltd., 
milled 980,500 tons of ore which was the 
largest annual output in the history of the 
company. The average grade of the ore 
rose from 1.75 percent copper to 1.77 per- 
cent in the fiscal year ending June 30, 
1967. The Henderson Division contributed 
410,400 tons or 42 percent of the total ore 
produced in fiscal 1967 (380,000 tons or 
39 percent in fiscal 1966). The Main Mine 
Division produced 287,800 tons or 29 per- 
cent, compared with 337,000 tons or 35 
percent in the previous fiscal year. Ore 
production from Cedar Bay Division was 
210,200 tons or 21 percent, compared with 
229,000 tons or 24 percent in 1965-66. 
At the Kokko Creek Division where known 
ore bodies were exhausted, 9,700 tons of 
ore was mined on a salvage basis during 
the summer months. In January, the com- 
pany entered into a contract agreemen. 
with Grandroy Mines, Ltd., whereby 
Campbell would mine an estimated 200,000 
tons of ore on a profit-sharing basis. The 
ore was mined by open-pit methods and 
hauled to the Campbell concentrator. In 
the 1966—67 fiscal year, 62,400 tons of ore 
averaging 1.05 percent copper was treated. 
Copper output from all divisions totaled 
15,700 tons. Deepening of the shaft at 
Cedar Bay to 2,400 feet was completed, 
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and the No. 2 shaft at the Henderson 
mine was sunk to a depth of 2,348 feet 
by the end of the fiscal year. 

The amount of ore milled at the con- 
centrator of Mattagami Lake Mines, Ltd., 
was essentially unchanged from 1966 and 
totaled 1.4 million tons of ore averaging 
0.61 percent copper (0.62 percent in 
1966) and 10.0 percent zinc (13.2 per- 
cent). In 1967, copper concentrate totaling 
30,700 tons (30,300 tons in 1966) with a 
grade of 20.57 percent copper (21.27 per- 
cent in 1966) was shipped to the smelter 
of Noranda Mines, Ltd. 

The concentrator of Quemont Mining 
Corp., Ltd., treated 443,800 tons of ore 
(578,000 tons in 1966) and produced 
23,200 tons of concentrate containing 
3,900 tons of copper. Normetal Mining 
Corp., Ltd., milled 348,400 tons of ore 
averaging 1.50 percent copper. The con- 
centrator also treated 1,000 tons of ore 
averaging 1.06 percent copper from the 
adjacent Normetmar property. The 21,000 
tons of concentrate produced contained 
4,800 tons of copper and was shipped to 
the Noranda smelter. 

Sullico Mines, Ltd., subsidiary of East 
Sullivan Mines, Ltd., ceased operations on 
November 29, 1966. In the first 3 months 
of the year ending August 31, 1967, 
160,600 tons of ore was mined and milled, 
and 931 tons of copper was produced. 
From January 1949, when operations began 
until November 1966, the mill treated 
15.9 million tons of ore averaging 1.092 
percent copper. At Solbec Copper Mines, 
Ltd., a subsidiary of Hastings Mining and 
Development Co., Ltd., operations were 
adversely affected by a work stoppage from 
September 9, 1966, to March 7, 1967. As 
a result, only 3,400 tons of the 74,400 


tons mined were milled; the remainder 


was stockpiled. The Solbec treatment plant 
was sold to Cupra Mines, Ltd., and Solbec 
ore will be treated on a custom basis until 
known ore reserves are depleted. During 
the financial year ended August 31, 1967, 
Cupra Mines, Ltd., processed 232,300 tons 
of ore averaging 3.52 percent copper, and 
7,700 tons of copper was produced. 
Opemiska Copper Mines (Quebec), 
Ltd., milled 737,300 tons of ore in 1967 
compared with 766,100 tons in 1966. The 
average grade of ore treated was 2.93 
percent copper (3.02 percent in 1966). 
Copper in the concentrate totaled 20,800 
tons, compared with 22,300 tons in 1966. 
The Springer mine produced 54 percent of 
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the ore milled; the Perry mine supplied 
the remainder. 

Lake Dufault Mines, Ltd., milled 
493,000 tons of copper-zinc ore averaging 
3.96 percent copper. This was an increase 
of 4,000 tons from the 1966 figure; but 
1967 copper production fell to 18,700 tons 
from the 22,600-ton production of 1966. 

Output of copper in Manitoba-Saskat- 
chewan increased 3 percent over that of 
1966 and exceeded 50,000 tons for the 
second successive year. 

Hudson Bay Mining and Smelting Co., 
Ltd., milled 1.59 million tons of ore, com- 
pared with 1.69 million tons in 1966, from 
mines in Manitoba and Saskatchewan. The 
grade of ore treated rose from 2.49 per- 
cent copper in 1966 to 2.64 percent in 
1967. Of the ore treated, the Flin Flon 
mine supplied 59 percent, Chisel Lake 16 
percent, Stall Lake 17 percent, and Schist 
Lake 8 percent. The smelter treated 
346,600 tons of Hudson Bay concentrate 
and residue (371,800 tons in 1966); also, 
29,600 tons (26,500) of custom materials 
were treated. Blister output totaled 38,600 
tons and 38,400 tons of refined copper was 
produced. 

Sherritt Gordon Mines, Ltd. milled 1.1 
million tons of nickel-copper ore at the 
Lynn Lake concentrator compared with 
1.2 million tons in 1966. Concentrate pro- 
duced contained 5,400 tons of copper 
(5,700 tons in 1966). 

A high record output of 81,900 tons 
of copper was attained in British Columbia, 
55 percent more than in 1966. Craigmont 
Mines, Ltd., milled 2 million tons of ore 
averaging 1.71 percent copper in the fiscal 
year ending October 31, 1967. Concentrate 
produced totaled 118,300 tons and aver- 
aged 28.12 percent copper. In the 1966 
fiscal year, the mines of Craigmont were 
closed by a strike that began in September 
1965 and terminated in April 1966. Con- 
sequently, mill throughput was only 1 
million tons of 1.54 percent copper, and 
53,300 tons of 26.98 percent-copper con- 
centrate was produced. Mining of the 
open pit was completed in March, and 
operations were begun at the underground 
mine. By yearend, 21 percent of the mill 
feed was supplied by the underground 
mine, and planned tonnage of 3,000 tons 
per day was expected by April 1968. The 
Phoenix Copper Division of The Granby 
Mining Co., Ltd. treated 714,000 tons, 
(701,000 in 1966), of ore averaging 0.84 
percent copper. Salable copper produced 
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totaled 4,900 tons compared with 4,400 
tons in 1966. The concentrator of Granisle 
Copper, Ltd., located in Copper Island in 
Babine Lake, British Columbia, began 
production in mid-November 1966. In its 
first full year of operation, 1.9 million tons 
of ore averaging 0.78 percent copper was 
treated. Concentrate totaling 35,900 tons 
was shipped to smelters in Japan. Salable 
copper produced was 12,300 tons. 

Development of an underground copper 
mine by Granduc Operating Co. (a 
wholly-owned subsidiary of Newmont 
Mining Corp.) continued during the year. 
The access tunnel from Tide Lake, about 
31 miles from the port of Stewart, was 
advanced 34,300 feet from its portal. Con- 
struction of the 7,000-ton-per-day flotation 
mill at Tide Lake was well advanced, and 
underground development to prepare the 
mine for production was started. Produc- 
tion is expected to begin in late 1969. The 
Granduc property is leased from Granduc 
Mines, Ltd., by Granduc Operating Co. 
and American Smelting and Refining 
Company in equal shares with Granduc 
Operating Co. the operator and manager 
of the property. 

The Coast Copper Co., Ltd., 83-percent 
owned by Cominco, Ltd. produced 
290,500 tons of copper averaging 1.4 per- 
cent copper. The ore was treated at the 
Cominco Benson Lake concentrator. Pro- 
duction totaled 12,000 tons of copper con- 
centrate which was shipped to Japan. 

In New Brunswick, copper production 
decreased 21 percent. The Wedge mine 
of Cominco, Ltd. produced 257,000 tons 
of ore, and output of concentrate was 
20,000 tons. Brunswick Mining and Smelt- 
ing Corp., Ltd., produced complex zinc- 
lead-copper ore at the rate of 4,600 tons 
per day, a record high output. A total of 
1.7 million tons of ore averaging 0.29 per- 
cent copper was milled, and 5,800 tons of 
copper concentrate was produced. 

Production of copper in Newfoundland 
was slightly higher than in 1966. Atlantic 
Coast Copper Corp., Ltd., treated 341,000 
tons of ore averaging 1.125 percent copper 
compared with 319,000 tons and 1.30 per- 
cent copper in 1966. Copper output totaled 
3,700 tons compared with 3,900 tons in 
the previous year. The Buchans Unit of 
American Smelting and Refining Company 
operated without interruption throughout 
the year, and produced 9,200 tons of cop- 
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per concentrate as well as lead concentrate 
and zinc concentrate. 

Exports of copper in ore, concentrate, 
and matte rose to 128,900 tons (95,000 
tons in 1966). Of the total, 93,600 tons 
(56,500 tons) went to Japan, 15,200 tons 
(16,600) to Norway, and 7,200 tons 
(9,700) to the United States. Sweden 
received 4,900 tons, West Germany 3,100 
tons, Spain 2,300 tons, United Kingdom 
1,500 tons and Belgium-Luxembourg 1,100 
tons. Exports of ingots, bars, and billets 
were as follows: 


Short tons 
Destination: 1966 1967 

United States 84,980 147,101 
United Kingdom 91,881 94,006 
an cg 9,193 11,059 
Germany, West. 700 7,773 
P/ AA ee 4, 798 
NOG. uu 2. 2 2,952 
Switzerland 1,528 1,748 
Italy ¿zS suls 22 83 1,548 
Brazil. ._-.-----.---- 2 1,498 
Netherlands 809 1, 257 
weden 448 785 
Portueal .-.-.---- 449 785 
Other countries 618 609 
Total. 190, 691 275,919 


In addition, 37,300 tons (46, 400 tons 
in 1966) of rods, strips, sheet, tubing and 
other shapes was exported, of which 
16,500 tons went to the United States, 
3,100 tons to Pakistan, 2,800 tons to Switz- 
erland, 2,400 tons to New Zealand, 2,100 
tons to United Kingdom, and 2,000 tons 
to Norway. 


Mexico.—Compafiia Minera de Cana- 
nea, S.A. de C.V. produced 35,500 tons 
of copper (33,000 tons in 1966). Modifica- 
tions and expansion at the concentrator to 
increase output to 41,000 tons was nearing 
completion. 

Asarco Mexicana, S.A. operated without 
interruption throughout 1967. Ore mined 
totaled 1.91 million tons (1.92 million in 
1966), and 19,300 tons of blister copper 
was produced compared with 23,000 in 
1966. Mine and plant expansion con- 
tinued, and substantial increases in ore and 
concentrate production were expected by 
yearend. 


SOUTH AMERICA 


Chile.—Despite a number of work 
stoppages at properties of The Anaconda 
Company, Chilean mine production in 
1967 was virtually the same as that in 
1966. As a resuk, a new production record 
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was set, and the nation was in third place 
among major producing countries in the 
world. 


In addition to copper exports by the 
large producers known as Gran Mineria 
(table 46), the small and medium mines 
shipped 40,200 tons (16,000 tons in 1966) 
of electrolytic copper, 23,400 tons (27,100) 
of fire refined copper, and 39,500 tons 
(33,700) of blister copper. 


Output of copper from The Anaconda 
Company’s Chilean mines totaled 397,200 
tons, 7 percent below the record 426,100 
tons achieved in 1966. At the Chuquica- 
mata mine of Chile Exploration Co., 
305,200 tons of copper was produced com- 
pared with 334,600 tons in 1966. The 
9-percent decrease from the 1966 record 
output was due to a number of work 
stoppages. Mine and plant expansion to 
increase capacity to 390,000 tons annually 
continued on schedule. Although opera- 
tions at the El Salvador mine of Andes 
Copper Mining Co. were interrupted by 
a 35-day strike, output, nearly 86,000 tons, 
was virtually unchanged from that of 1966. 
Improvement and expansion of the mine 
and the Potrerillos refinery which is 
scheduled for completion in 1970 will in- 
crease capacity to 110,000 tons. La 
Africana mine of Santiago Mining Co. 
produced 6,000 tons of copper compared 
with 5,500 tons in 1966. Stripping opera- 
tions at the Exotica mine, near the 
Chuquicamata, began September 1. Pro- 
duction of ore was expected to begin by 
mid-1970 when approximately 90 million 
tons of waste will have been removed. An 
annual mine capacity of 112,500 tons of 
copper is planned. Ore will be treated on 
a toll basis at the oxide plant of Chile 
Exploration Co. 

On April 13, 1967, the assets and 
liabilities of the Kennecott Copper Corp. 
wholly-owned subsidiary, Braden Copper 
Co., were transferred to a Chilean com- 
pany, Sociedad Minera El Teniente, S.A. 
(El Teniente Mining Company, Inc.). 
Braden received all of the authorized 
shares of El Teniente stock and then sold 
51 percent to the Chilean Government for 
$80 million. Kennecott retained a 49-per- 
cent interest, and through Braden Copper 
Co. operates the El Teniente Mine under 
a property management contract. Kenne- 
cott Sales Corp. will represent El Teniente 
Mining Company in the sale of copper 
and byproducts. A $230-million expansion 
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program to increase the present capacity 
of 180,000 tons annually by 60 percent 
was initiated. The project, scheduled for 
completion in 1971, includes mine ex- 
pansion, construction of a new concen- 
trator, expansion of the smelter and re- 
lated power water installations, and a new 
highway to replace the existing railroad. 
Copper production was not affected by 
the changeover; 13.2 million tons of ore 
was mined and milled compared with 9.9 
million tons in 1966. The average grade of 
ore rose from 1.75 percent copper in 1966 
to 1.83 percent, and a record output of 
203,800 tons (160,400 tons in 1966) of 
copper was produced. 


Compania Minera Andina, S. A., 75 per- 
cent owned by Cerro Corp., and 25 per- 
cent by Corporacion del Cobre, an agency 
of the Chilean Government, began full- 
scale construction of the Rio Blanco mine 
in early 1967. The mine is scheduled for 
completion in 1971; copper concentrates 
containing about 65, 000 tons of copper 
annually will be shipped. 


Peru.— Operations of the Cerro de Pasco 
Corp. (Cerro-Peru) were adversely affected 
by work stoppages, and copper production 
was slightly lower than in 1966. Purchased 
ore was the source of 32 percent of the 
41,200 tons produced compared with 35 
percent and 43,800 tons in 1966. In 
December, somewhat ahead of schedule, 
production began at the Cobriza mine, 115 
miles southeast of La Oroya. About 1,000 
tons of ore are milled daily for shipment 
to La Oroya for smelting and refining. The 
concentrate shipped will contain about 
10,000 tons of copper annually. In order 
to handle this production the capacity 
of La Oroya refinery was being expanded 
from 43,500 to 56,500 tons of refined cop- 
per a year. Until the expansion is com- 
pleted in late 1968, excess blister copper 
will be exported. 

A record high tonnage of ore was 
produced at the Toquepala mine of 
Southern Peru Copper Corp. Ore mined 


and milled totaled 13.6 million tons aver- 


aging 1.18 percent copper compared with 
12.6 million tons and 1.22 percent in 
1966. Blister copper output was 139,400 
tons in 1967 and 125,600 tons in 1966. 

A pilot plant was installed at Toquepala 
for treating ores from the nearby Cuajone 
property. Cuajone is the larger of 
Southern Peru’s two undeveloped deposits 


COPPER 457 


and is estimated to contain 530 million 
tons of ore containing 1.0 percent copper. 
Further work toward bringing the property 
into production will depend upon several 
factors including legislative developments 
in Peru with respect to Southern Peru’s 
ability to obtain financing. 

Exports of copper from Peru in 1967 
were as follows: 


Short tons 
Belgium. ee A cssc 23,379 
Germany, Wes 24,947 
JaDAH:2:. 2 Ro —êé Susu suu 26,333 
Netherlands 6, 996 
PSC ²˙·w»-- . Ee 1,250 
Swede mn. 3, 007 
United Stats 128, 748 
Other countries... . .... ..... .. 987 
TOU. c OL 210,647 


EUROPE 


Total refined copper produced in West- 
ern Europe rose 2 percent over output in 
1966; increases of 10 and 3 percent in 
Belgium and West Germany, respectively, 
more than offset a 5-percent decrease in 
the output of the United Kingdom. Total 
consumpion of refined copper, however, 
fell 3 percent, the third successive de- 
crease. Of the principal consuming 
countries, only West Germany, Italy, and 
Sweden registered increased use. Con- 
sumption of refined copper was as follows: 


Thousand short tons 


Country 
1966 © 1967 P 

Belgium 118. 8 95.2 
Fran eee 321.1 307. 0 
Germany, West... 526.1 568.7 
Ir trou 215.0 233.7 
Spain... .  . . . . oe 72.3 67.0 
Sweden. 92.2 98.0 
Switzerland. ............. 45.6 43.4 
United Kingdom 653.1 566.9 
Other 203.1 200.1 

Total orasi 2,247.3 2,180.0 

p Preliminary. r Revised. 


Source: British Bureau of Nonferrous Metal 
istics. 
United Kingdom.—Production of refined 

copper in the United Kingdom was 

adversely affected by substantially reduced 
imports from Zambia. Consumption drop- 
ped 13 percent and totaled 566,900 tons 
of primary and secondary copper compared 
with 653,100 tons in 1966. In addition, 

149,400 tons (155,700 tons in 1966) of 

copper in scrap was used. Output of semi- 

manufactured products consumed 552,200 

tons (636,000) of refined copper and 


95,500 tons (97,700) of copper scrap. 
Manufacture of castings, sulfate and mis- 
cellaneous products used 14,700 tons 
(17,100) of refined copper and 53,900 
tons (58,100) of scrap. Production of 
copper sulfate was 24,600 tons (23,000). 

Exports of refined copper increased to 
63,000 tons (55,500) while reexports drop- 
ped to 3,800 tons (4,900). Total exports 
and reexports were 11 percent larger than 
in 1966. Imports of unwrought copper 
totaled 497,800 tons, 12 percent less than 
in 1966. 


AFRICA 
Congo  (Kinshasa).—The Congolese 


Government after assuming control of all 
Union Miniére du Haut-Katanga assets on 
January 1, 1967, conferred them on a 
new company, Société Générale Congolaise 
des Minerais (GECOMIN), incorporated 
under Congolese law and controlled by 
the Government. Satisfactory operating 
conditions were maintained in the Katanga 
region, and copper production increased 2 
percent. Total ore production, however, 
was 9.7 million tons compared with 10.7 
million tons in 1966. Increased ore extrac- 
tion was recorded from the Kamoto open 
pit in the Western Group and from the 
Kakanda mine in the Central Group. 

The Western Group produced 6.6 mil- 
lion tons of copper and cobalt ore, of 
which 1.4 million tons came from the 
Musonoi mine, 3.3 million from Kamoto 
open pit, and 1.9 million from Ruwe. The 
Kamoto underground mine produced 
51,800 tons of ore. Production from the 
Kipushi mine in the Southern Group 
totaled 1.14 million tons. In the Central 
Group, the Kambove underground mine 
production totaled 226,500 tons; output at 
the Kakanda mine increased to 958,000 
tons of ore, and the M'sesa mine produced 
718,000 tons of ore. 

The Kolwezi concentrator produced 
557,400 tons of oxide concentrate con- 
taining 138,900 tons of copper, 106,600 
tons of sulfide concentrate, 42,200 tons 
of copper, and 105,000 tons of dolomitic 
oxide concentrate, 20,000 tons of copper. 
During the year, the Kipushi concentrator 
produced 189,600 tons of sulfide concen- 
trate containing 53,100 tons of copper. 
Output at the Kambove concentrator con- 
sisted of 98,000 tons of oxide concentrate 
containing 23,800 tons of copper, 16,500 
tons of sulfide concentrate (8,300 tons of 
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copper), and 48,800 tons of dolomitic 
oxide concentrate containing 9,600 tons of 
copper. At the Kakanda concentrator, 37,- 
200 tons of copper was produced from 
150,300 tons of oxide concentrate. The 
Ruwe washery produced 18,100 tons of 
copper from 72,000 tons of fine and 
gravelly concentrate and 82,400 tons of 
washed product containing 6,700 tons of 
copper for reprocessing at the concen- 
trator. The Kambove washing plant pro- 
duced 41,400 tons of washed products con- 
taining 5,800 tons of copper and 7,000 
tons of other products containing 400 tons 
of copper. 

Copper production for the year totaled 
351,600 tons as follows: 


Short tons 
Shituru refinery (electrolytic copper 
n oo se 177,300 
Luilu refinery (cathodes ))) ,80 
Lubumbashi smelter qim and other 
unrefined). ..... 2.2. - 2-22... -- 84,500 
f A sus uu 22 851,600 


Exports of copper rose to 357,500 tons, 
4 percent more than in 1966. Of the 
total, 192,500 tons were shipped through 
Matadi, Congo (Kinshasa); 38,900 tons 
through Beira, Mozambique; 48,100 tons 
through Dar-es-Salaam, Tanzania; and 
78,000 tons through Lobito, Angola. Elec- 
trolytic copper accounted for 178,400 tons 
of the total shipments; cathodes, 90,300 
tons; and blister and other unrefined, 
88,800 tons. 


Rhodesia, Southern.—In the year end- 
ing September 30, 1967, mines controlled 
by Messina (Transvaal) Development Co., 
Ltd., and its subsidiary M.T.D. (Mang- 
ula), Ltd., produced 32,300 tons of copper. 
At Mangula, 1.2 million tons of sulfide ore 
was produced from the following sources: 
Stopes 683,000 tons assaying 1.14 percent 
copper; stope pillars, 398,000 tons, 1.31 
percent copper; from development 108,000 
tons averaging 0.94 percent copper; and 
from the open pit 16,000 tons. Mill 
throughput totaled 1.8 million tons, of 
which 567,000 tons went to the leach plant. 
Cement copper containing 5,200 tons of 
copper was produced and shipped to the 
Alaska smelter. The Messina mine pro- 
duced 1.1 million tons of ore averaging 
1.18 percent copper, and 1.05 million tons 
of 1.25 percent copper was milled. Re- 
fined copper output totaled 12,900 tons. 
Production of ore at the Umkondo mine 
was 96,000 tons assaying 2.48 percent cop- 
per. The concentrator treated 100,000 tons 
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of 2.49 percent copper, 6,000 tons in excess 
of planned throughput. At the Alaska 
mine, 300,000 tons of ore averaging 1.36 
percent copper was produced, and 321,000 
tons, 7,000 tons more than in fiscal 1966, 
was milled. The grade of ore, however, 
decreased from 1.52 percent copper to 1.38 
percent. The Alaska smelter of The 
Messina Rhodesia Smelting and Refining 
Co., Ltd., produced 19,400 tons of re- 
fined copper, mostly for Mangula and 
Alaska mines. The tonnage included 4,400 
tons of copper produced from cement cop- 
per from Mangula. 


South Africa, Republic of.—Smelter 
production of copper by O'okiep Copper 
Co., Ltd., decreased slightly from 43,500 
tons in 1966 to 42,500 tons in 1967. A 
total of 3.2 million tons of ore averaging 
1.51 percent copper was mined and milled. 
Nearly half the ore treated came from 
the relatively low-grade Carolusberg mine. 

Palabora Mining Co., Ltd., produced 
84,400 tons of anode copper during 1967, 
its first full year of operation. Ore mined 
totaled 14.6 million tons (13.2 million 
tons in 1966) averaging 0.71 percent cop- 
per (0.78 percent in 1966), and with an 
average copper content of 0.69 percent 
of ore reserves estimated to be in excess 
of 300 million tons. Construction of the 
tankhouse section of the new 45,000-ton-per 
year electrolytic refinery was completed, 
and the first cathodes were produced in 
October. Most of the refined copper 
produced will be sold in the Republic of 
South Africa. The wirebar casting plant 
under construction is scheduled to begin 
operations in the first half of 1968, and 
a continuous rod casting plant is scheduled 
for completion later in that year. 


South-West Africa.—The Tsumeb mine 
and mill of Tsumeb Corp., Ltd., mined 
and milled 728,000 tons of complex sul- 
fide and oxide ore averaging 4.32 percent 
copper. The Kombat operation mined and 
milled 324,000 tons of ore averaging 1.91 
percent copper. Blister copper output 
totaled 38,000 tons, slightly below the 
38,900 tons in 1966. Difficult operating 
conditions at the Tsumeb mine resulted in 
an 8.5-percent decrease in production, but 


output at Kombat was unchanged from 
1966. 


Uganda.—Kilembe Copper Cobalt, Ltd., 
milled 953,000 tons of ore and produced 
16,000 tons of blister copper compared 
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with 1.03 million tons of ore and 18,000 
tons of blister copper in 1966. The de- 
crease was due to problems encountered 
in the changeover from open stope to 
cut-and-fill stope mining methods. 


Zambia.—Mine production in Zambia 
was not seriously affected by labor, trans- 
port, or fuel problems; output increased 
6 percent. A strike which began in August 
spread rapidly to other mines on the 
Copper Belt and lasted until September 
23. Two short work stoppages of con- 
tractors’ employees affected operations at 
the Chambishi mine. The severe shortage 
of fuel from October 1966 to May 1967 
did not affect mining and concentrating 
operations and a substantial stockpile of 
concentrates had been built up by yearend. 
Operations at the Chibuluma mine were 
curtailed at the end of September when 
the mine was flooded by the collapse of a 
stope on the Norrie shaft. Full production 
was restored December 9. 

The Luanshya Division of Roan Selec- 
tion Trust, Ltd., (RST Group) produced 
6.04 million tons of ore averaging 1.92 
percent total copper and 0.12 percent 
oxide copper in the fiscal year ended 
June 30, 1967. In the same period of 
1966, 6.53 million tons averaging 1.85 
percent total copper and 0.12 percent 
oxide copper was produced. The Roan 
Extension mine supplied 76 percent of the 
total production in fiscal 1967 and 77 per- 
cent in 1966. As in previous years, 
the Roan Basin supplied the remainder 
of the ore. Smelter output totaled 98,400 
tons compared with 124,700 tons in 
1966. Refined copper production was 
86,200 tons (109,300 tons in 1966). 

In the fiscal year ending June 30, 
1967, Chibuluma Mines, Ltd., mined 
650,300 tons of ore with an average 
copper content of 4.31 percent. Produc- 
tion of copper concentrate totaled 88,- 
100 tons, and output of salable copper 
was 19,800 tons compared with 25,400 
tons in 1966. 

Mufulira Copper Mines, Ltd., produced 
7.19 million tons of ore averaging 2.44 
percent total copper and 0.03 percent 
oxide copper. Block caving methods sup- 
plied 36 percent of the ore; open stoping, 
29 percent; cascade stoping, 9 percent; 
and development, 14 percent. Smelter 
production, including anodes produced 
from concentrates smelted for Luanshya 


Division, Chibuluma and Chambishi 
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mines, totaled 149,200 tons (205,100 tons 
in 1966). Electrolytic copper output was 
132,600 tons compared with 162,700 
tons in fiscal 1966. Concentrate contain- 
ing 25,300 tons of copper was stockpiled 
at yearend. 

The Chambishi mine produced 15,500 
tons of copper compared with 11,300 
tons in fiscal 1966. During the fiscal year, 
4.1 million cubic yards of overburden, 
351,000 cubic yards of sulfide ore, and 
50,000 cubic yards of oxide ore were 
excavated; a total of 718,600 tons of 
sulfide ore and 103,700 tons of oxide ore 
were crushed. The concentrator produced 
38,200 tons of concentrate, which was 
smelted at Luanshya and Mufulira, and 
2,600 tons of low grade concentrate for 
further treatment in the roast-leach-elec- 
trowinning plant. Vat leaching operations 
were disappointing, and a number of 
modifications were made in the roaster 
and filter sections of the plant. Cathode 
copper, including that for Chibuluma, 
produced by roasting, leaching and elec- 
trowinning was 10,100 tons, virtually the 
same as that produced in 1966. 

Ore reserves of the Roan Selection 
Trust, Ltd., as of June 30, 1967, were as 


follows: 


Percent 
Mine Short tons! ————————— 
Total Cobalt 
copper ? 
Mufulira . 167,067,000 3.37 
Luanshya (Roan 
Basin, Roan Exten- 
sion, and Muliashi 
Grant)... ......-.- 85,516,000 2.86 .... 
Chibuluma.. ........- 6,892,000 4.83 0.18 
Chambishi........... 85,785,000 3.05 .... 
Baluba. ..........-..-- 112,000,000 2.41 16 
Kalengena 600,000 16.00 .... 


1 Gross tons subject to mining losses. 
? Grades subject to dilution in mining. 


Ndola Copper Refineries, Ltd., pro- 
duced 131,400 tons of copper all of 
which was for associated companies of 
the RST Group. Output in 1966 was 
130,400 tons. The first copper cast from 
the ASARCO furnace was made in 
October 1966. Operations were somewhat 
erratic at the outset, but by the last 
quarter of the year a record high produc- 
tion was attained. 

Nchanga Consolidated Copper Mines, 
Ltd., mined 6.5 million tons of ore averag- 
ing 4.42 percent copper during the year 
ending March 31, 1967. A total of 2.8 
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million tons was hoisted from the lower 
ore body—central and west—of which 
60,900 tons was sent to the smelter for 
flux, and 262,800 tons was mined from 
the upper ore body. Nchanga open pit 
supplied 2.1 million tons and Chingola 
open pit, 1.3 million tons. The Nchanga 
concentrator treated 5.2 million tons of 
ore and produced concentrates containing 
207,100 tons of copper. Output of 
finished copper totaled 209,600 tons, 27 
percent below the record 288,600 tons 
in the 1965-66 fiscal year. Of the total, 
54,800 tons (83,000 in 1966) was blister, 
and 154,800 tons (205,600) was electro- 
lytic copper. In the year ending March 
31, 1967, Bancroft milled 1.54 million 
tons of its own copper ore, assaying 3.34 
percent sulfide and oxide copper, and 1.20 
million tons of Nchanga ore, containing 
1.99 percent sulfide copper and 2.00 per- 
cent oxide copper. Copper output of 34,- 
800 tons (41,100 in 1966) was reported 
for Bancroft Mines, Ltd.; production of 
refined copper totaled 36,700 (40,900) 
tons. Estimated ore reserves for Nchanga 
on March 31, 1967, were 259 million 
tons containing 4.01 percent copper com- 
pared with 238 million tons and 4.22 
percent copper on March 31, 1966. 

Rhokana Corporation, Ltd., mined and 
milled 5.3 million tons of ore averaging 
2.01 percent copper in the fiscal year 
ending June 30, 1967, compared with 
5.5 million tons and 2.16 percent in the 
same period of 1966. Concentrate pro- 
duction was 293,900 tons, of which 36,300 
tons was stockpiled. Stripping of over- 
burden at the Mindola open pit amounted 
to 373,800 bank cubic yards, and about 
54,600 tons of oxide ore were removed 
and stockpiled. About 80,000 tons of 
stockpiled ore was sent to the treatment 
of refractory copper ores (TORCO) 
plant. Smelter output totaled 239,900 
tons of anode and blister copper compared 
with 290,000 tons in 1966. Of the total, 
20,700 tons of blister and 63,500 tons of 
anodes were recovered for Rhokana; 
58,100 tons of blister and 97,500 tons of 
anodes, for Nchanga, Bancroft, and the 
RST Group. 


ASIA 


Cyprus.—Cyprus Mines Corp. continued 
to conduct mining operations at the 
Skouriotissa open pit and the Mavrovouni 
underground mine. Ore produced totaled 
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870,000 tons compared with 816,000 
tons in 1966, but the average grade of the 
ore milled declined from 1.80 percent in 
1966 to 1.69 percent. Present plans call 
for phasing out production from 
Mavrovouni and Skouriotissa in 1968 and 
1969, respectively. Stripping operations 
continued at two new ore bodies, known 
as Apliki and Lefka A, so that ore from 
these mines will be available when the 
other properties are closed. Shipments in 
1967 consisted of 23,900 tons (41,200 
tons in 1966) of copper concentrate, 80,- 
300 tons (91,400 tons) of cupreous 
pyrite and 8,200 tons (13,900 tons) of 
copper precipitate. In addition, 451,300 
tons (457,000 to. S) of pyrite concentrate 
was produced by flotation. 


Japan.—Mine production of copper was 
129,700 tons, 5 percent more than in 
1966. Smelter production from primary 
materials increased and totaled 426,300 
tons. Refinery output was 681,100 tons, 
of which 518,100 tons and 163,000 tons 
were derived from primary and secondary 
materials, respectively. 


Philippines. — Output of copper increased 
14 percent to 92,300 tons. Increased pro- 
duction at all mines except Philex Min- 
ing Corp. contributed to the high output 
in 1967. Lepanto Consolidated Mining 
Co., Ltd., milled 800,600 tons of ore 
averaging 2.86 percent copper compared 
with 748,000 tons and 2.89 percent copper 
in 1966. Copper production rose from 
20,400 tons in 1966 to 21,500 tons. 

At the open pit and underground 
mines of Atlas Consolidated Mining & 
Development Corp., Toledo, Cebu, copper 
production totaled 33,300 tons compared 
with 30,400 tons in 1966. Marinduque 
Mining and Industrial Corp. produced 
9,400 and 14,300 tons of copper from the 
Bagacy and Sipalay projects, respectively. 
The Philex Mining Corp. produced 6,800 
tons compared with 7,400 tons in 1966. 

Small outputs of copper were reported 
by Samar Mining Co., Inc., 1,900 tons; 
Benguet Consolidated, Inc., 3,300 tons; 
and other companies, 1,800 tons. 


OCEANIA 


Australia.—Mine production in Aus- 
tralia decreased 20 percent from that 
of 1966. A shortage of miners and 
difficulties encountered in extracting ore 
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from the Mount Isa Mines, Ltd., ac- 
counted for much of the decrease. 

Mount Isa Mines, Ltd., Queensland, a 
subsidiary of American Smelting and 
Refining Company, treated 4.2 million 
tons of copper and silver-lead-zinc ores 
and produced 58,300 tons of blister cop- 
per in the year ended June 30, 1967. 
In the same period of 1966, 4.1 million 
tons of ore were treated and 85,100 tons 
of blister copper produced. Underground 
mining operations were adversely affected 
by a shortage of skilled miners and 
difficulties associated with extraction of 
the ore from the high-temperature 
ground in one of the ore bodies. Output 
of refined copper by Copper Refineries, 
Pty., Ltd., fell 27 percent from the rec- 
ord high of 82,400 tons attained in 1966. 
Production totaled 59,800 tons, of which 
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28,400 tons was wire bars; 600 tons, 
cathodes; 14,300 tons, cakes and billets; 
and 16,500 tons, rod and wire. 

The Mount Lyell Mining and Railway 
Co., Ltd., Tasmania, mined 2.1 million 
tons of ore averaging 0.81 percent copper 
from open pit and underground mines in 
the fiscal year ending June 30, 1967. Re- 
coverable copper in concentrate increased 
from 15,300 tons to 16,000 tons. Blister 
copper production was 16,400 tons com- 
pared with 15,600 tons in 1966. The 
electrolytic refinery has been closed since 
October 1965. In its 37 years of operation, 
the refinery produced 405,000 tons of 
cathode and slimes containing 210,000 
ounces of gold and 2.3 million ounces of 
silver. The last cathode production from 
the electrolytic refinery totaled 4,400 tons 
in fiscal 1966. 


TECHNOLOGY 


Technologic developments in the cop- 
per industry have responded primarily to 
a limited number of circumstances the 
influence of which has rapidly increased 
in the past few years. Because these 
circumstances are closely interrelated, any 
modification in one alters the others. How- 
ever, they can be listed in three distinct 
categories, in the order of their influence 
on the industry. First, the producers are 
faced with a growing dependence on re- 
serves of decreasing copper content, in- 
consistent composition, or refractory 
nature. Second, labor has become a 
critical factor in all phases of copper 
production. Third, other materials are 
competing strongly with copper for its 
major applications. The industry has re- 
acted to these circumstances with a 
variety of accomplishments ranging from 
improvements in mineral exploration to 
more efficient end use, and some involve 
nothing more spectacular than the co- 
ordinated and consistent application of 
good engineering practices. 

The new Twin Buttes open-pit mine of 
The Anaconda Company is an example of 
the quality engineering required for con- 
tinued expansion of copper reserves. The 
mine will exploit a 0.5 percent to 0.7 
percent copper deposit in a 30,000-tons- 
per-day operation. Also, 200 million tons 
of overburden must be removed. These 
tasks are complicated further by the com- 
panys frank recognition of a clear 


responsibility for landscaping. Thus, the 
undertaking represents a huge problem in 
earth moving and waste disposal. The 
various steps taken to solve this problem 
have been described in recent publica- 
tions. The success of the operation de- 
pends upon the effective selection, de- 
ployment, and integration of modern 
earth-moving equipment. For instance, 
optimum utilization of belt conveyors has 
reduced the substantial cost of transport- 
ing ore and overburden. The overburden 
conveyor consists of two belts. One belt 
moves 850 feet, up a 25-percent grade, to 
a surface belt that travels 8,300 feet at a 
speed of 950 feet per minute. The surface 
belt is the longest one in use at any U.S. 
open-pit mine. 

Another innovation in ore transporting 
was put into operation recently at the 
White Pine mine of Copper Range Co.“ 
The Dashaveyor is a robot hauler capable 
of moving covered cars of ore at speeds 
up to 3,502 feet per minute. The cars 
can be loaded or unloaded while in mo- 
tion. 

The extensive modernization program 
at the White Pine mine provides many 
other examples of optimum use of avail- 


5 Engineering and Mining Journal. Anaconda’s 
En Buttes. V. 168, No. 4, April 1967, pp. 

6 Skilling's Mining Review. Copper Range 
Co. Mining Operations in 1966. V. 56, No. 14, 
April 8, 1967, p. 12. 
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able technology.’ In 1966, the average 
grade of ore removed from the mine 
declined to 22.15 pounds per ton, from 
the 1965 grade of 23.70 pounds per ton. 
Many of the steps taken to counter this 
decline were adaptations from other in- 
dustrial operations. For instance, White 
Pines values-only' technique is an 
adaptation of an established coal mining 
procedure that provides for more selective 
mining. This method will allow the com- 
pany to mine only copper-bearing rock 
and ignore the barren strata. Use of the 
values-only technique is a significant step 
in a modernization program that is ex- 
pected to increase production by at least 
20 percent and to add 150 percent to the 
mine’s reserves. 

The most impressive single step in 
White Pines modernization program is 
the installation of an 18-foot-diameter, 
hard-rock tunnel borer. It is the largest 
rotary boring machine ever sold to a 
mining company. It is capable of produc- 
ing a thrust of 1,500,000 pounds on a 
drill head of 63, 11-inch bits. Boring is 
guided by laser beam, and the machine 
has its own dust control and air filtra- 
tion systems. This machine is a much 
enlarged and improved version of a 7- 
foot boring machine that has been proved 
in the White Pine mine. The smaller 
machine was originally designed for 
driving irrigation tunnels, but it was 
adapted to the White Pine operation, 
where the compressive hardness of ores 
begins at 15,000 psi. The new 18-foot 
borer will be tested on ores with as much 
as 30,000-psi compressive hardness. 

Manpower accounts for about one-third 
of the cost of producing copper. Thus, 
automation and mechanization are obvious 
means.of reducing the cost of producing 
copper. Recognition of such possibilities 
was evident throughout the industry in 
1967. It was especially evident at the 
modernized plants of Kennecott’s Utah 
Copper Division. The sophisticated in- 
strumentation and control systems at 
these plants were described, in August 
1967, as the most advanced in the copper 
mining-processing industry. The new 
crushing and grinding installation illus- 
trates the instrumented control and 
mechanization that has been used to 
modernize all of the Division’s plants. 
This plant, which receives 27,000 tons 
of ore per day, has an interlocking control 
system and fully automated ore distribu- 
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tion. Instrumental control and automation 
begins with primary crushing and con- 
tinues through level control of fine ore at 
the storage bins. When operations are 
seriously interrupted at any stage, the 
interlocking controls give audible warning 
and shut down critical equipment. 

Leaching, an old process for extracting 
copper, has come increasingly into use as 
the search for new sources of copper ex- 
tends to ever lower grades of ore, and 
even to the massive accumulations of 
overburden and mill tailings. The increas- 
ing dependence on leaching has brought 
about numerous technological advances 
that improve or supplement that opera- 
tion. 

Kennecotts new cone-type precipitator 
for cementing copper from leach solution 
is one example of the progress made in 
the leaching process. These 14 foot diam- 
eter, 24-feet-tall precipitators have re- 
placed all launder-type units at the 
modernized Utah Copper Division, where 
daily production of precipitate copper 
has been increased from the previous 150,- 
000 pounds to the present 400,000 
pounds. Apparently, the cone-type pre- 
cipitators have been effective in the first 
complete installation for they are rapidly 
replacing the older precipitators at other 
Kennecott operations. According to 
published information, the cones are 
more efficient than launders in regard to 
treatment time and iron consumption.“ 
They are also designed to be self-clean- 
ing and to discharge precipitate auto- 
matically. The precipitate has been re- 
ported to have the following typical 
analysis: 90 to 95 percent copper, 0.1 to 
0.2 percent silica, 0.1 to 0.2 percent 
Al2Os.?° 

The relatively low efficiency of the 
cementation process, the increasing cost 


7 Business Week. How White Pine Got to Pay 
Dirt. July 29, 1967, pp. 120-122. 

World Mining. White Pine Copper Buys 
Robbing Tunnel Borer. V. 3, No. 8, July 1967, 
p. 40. 

American Metal Market. Copper Range Plans 
20% Boost in Copper Production This Year. V. 
74, No. 52, Mar. 17, 1967, p. 1i. 

8 Seck, Heinz R. New Servo-Systems Bolster 
Kennecott Output. Eng. and Min. J., v. 168, 
No. 8, August 1967, pp. 75-81. 

9 Spedden, H. R., E. E. Malouf, and J. D. 
Prater. Use of Cone-Type Copper Precipitators 
To Recover Copper From Copper-Bearing Solu- 
tion. Trans. S.M.E., December 1966, pp. 432- 


438. 

10 Spedden, H. R., E. E. Malouf, and J. D. 
Prater. Cone-Type Precipitators for Improved 
Copper Recovery. Min. Eng., v. 18, No. 4, 
April 1966, pp. 57—62. 
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of the iron it consumes, and the low 
quality of the copper it produces have 
all encouraged search for an alternate 
process. Three possible alternatives were 
brought to pilot trials during 1967.11 All 
three methods depended on liquid ion 
exchange to separate a relatively pure 
copper solution from the impure leach 
liquor. Two of the processes then recover 
the copper as cathodes; the other recovers 
copper powder by hydrogenation of the 
purified copper-acid solution. 

Cyanide-leaching continued to attract 
attention as a means of recovering a high- 
grade copper product from low-grade ores, 
mill tailings, or copper-bearing solutions. 
The cyanide-leaching technique is some- 
times applicable where other methods are 
impracticable; it can also be used to 
recover relatively pure metal from a cop- 
per sulfate leach solution. Five recently 
patented cyanide-leaching processes were 
reviewed in the September 1967 issue of 
Engineering and Mining Journal. One of 
these processes was put into use at the 
White Pine, Michigan, mine of Copper 
Range Co., where it is reported to be 
highly efficient.” 

Another development related to leach- 
ing, that is still in the proposal stage 
deserves mention due to its great potential. 
The proposal, given the title Project 
Sloop when it was submitted to the U.S. 
Atomic Energy Commission by Kennecott 
Copper Corp. is intended to explore the 
possibility of using a contained nuclear 
explosion to fracture low-grade copper 
deposits into structures suitable for in situ 
leaching. Several years will be required 
to complete the experiment and evaluate 
the results. However, if successful, it will 
create substantial new copper reserves by 
lowering the cost of in situ leaching of 
low-grade copper deposits. 

Probably, the most important advance 
in copper smelting during 1967 was 
Kennecott Copper Corp.’s decision to use 
oxygen-enriched air at some of its copper 
smelters. Two years of pilot trials have 
indicated that this new practice will in- 
crease the smelting rate and reduce air 
pollution.” 

The British Non-Ferrous Metals Re- 
search Association began production test- 
ing a new process during 1967 that could 
provide substantial savings in the process- 
ing of electrorefined copper wire and tube. 
The Association has experimented success- 
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fully with the simultaneous electrorefining 
and electrodeposition of electrical grade 
copper into l4-inch square section rod. 
By modifying the electrolytic processes, 
rods have been produced with the 
ductility and the blemish free surface re- 
quired for drawing wire.!* 

The general realization that continued 
accumulation of industrial waste cannot 
be tolerated has stimulated vigorous 
efforts to convert waste materials into 
resources. One simple and direct solution 
to the problem of accumulating copper 
concentrator tailings is being tested at 
Great Salt Lake. Four hundred thousand 
tons of the tailings have been deposited 
in the lake to form a 3,600-foot-long, 300- 
foot-wide test dike. If the dike shows 
sufficient resistance to erosion by wind 
and water, concentrator tailing will be 
used to construct a series of dikes intended 
to stabilize the lake's water level.! 

Recent studies have revealed that cop- 
per leaching solutions used at mines in 
Arizona, Utah, and Nevada contain con- 
siderable quantities of uranium that can 
be recovered by ion exchange methods. 
Preliminary estimates by the Federal 
Bureau of Mines indicate that as much as 
1,000 tons of UsOs can be recovered 
from the solutions each year at a cost of 
about $8 per pound. is 

In the competition for markets, the 
copper industry recognizes the imperative 
need of assuring the consumer an adequate 
and dependable supply. Thus, the first 
concern of the industry is copper produc- 
tion. However, the search for new uses, 
and efforts to improve established ones 
were not neglected in 1967. 

Considerable attention was given to 
developing new markets for three uses 
where copper has certain natural ad- 

11 Chemical and Engineering News. Ion Ex- 
change Recovery of Copper Promising. V. 45, 
No. 17, April 17, 1967, pp. 62-64. 


Chemical and Engineering News. Pilot Trials 
Set for Copper Electrowinning. V. 45, No. 26, 
June 19, 1967, pp. 50—51. 

12 Engineering and Mining Journal. Copper 
Leaching With Cyanide—, V. 168, No. 9, 
September 1967, pp. 123-127. 

Engineering and Mining Journal. Patent Is 
Granted for Copper Recovery From Discarded 
Ores. V. 167, No. 7, July 1966, p. 116. 

13 Oil, Paint and Drug Reporter. Kennecott 
To Use Oxygen For Its Copper Smelting. V. 
193, No. 1, Jan. 1, 1968, p. 4. 


14 Steel. Refining and Forming . . . in One 
Step. V. 160, No. 16, Apr. 17, 1967, p. 75. 
15 Mining Congress Journal. V. 58, No. 5, 


May 1967, p. 16. 

16 Mining Engineering. Byproduct Uranium 
Recovered With New Ion Exchange Techniques. 
V. 20, No. 1, January 1968, pp. 73—76. 
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vantages. Probably, the most promising 
of these three markets is created by the 
rapidly expanding use of desalinization. 
Therefore, the selection of copper alloys 
for heat exchangers in salt water stills 
received careful study during the year." 
The concern over water pollution seems 
to justify reconsideration of the antifoul- 
ing advantages of copper as compared to 
devices that release a toxin into the water 
surrounding the ship bottom. Therefore, 
a number of ships have been constructed 
with a copper-nickel alloy midship section. 
The service of these hulls will be com- 
pared with the service obtained from 
hulls constructed of steel, aluminum, and 
reinforced plastic.!* 

Properties that facilitate fabrication, 
such as soldering, and excellent thermal 
conductivity have established copper's 
excellent competitive position in the auto 
radiator market, but they do not insure 
that position. Therefore, the industry is 
continually engaged in the development 
of new alloys or methods of fabrication 
that will add to copper’s advantage in the 
radiator market. Thus, in response to the 
auto makers’ insistence on operating 
radiators at higher temperatures and 
pressures, the copper industry has been 
able to propose a copper-zirconium alloy 
that is expected to withstand twice the 
present operating pressure at temperatures 
up to 285° F. The alloy can also be 
soldered at temperatures well above the 
required 800° F. A new Mash-lap weld 
for copper tubing also offers definite ad- 
vantages to the fabricator of copper 
radiators. The new welding technique is 
said to use 8 percent less copper and 
considerably less solder. Application of 
the new weld is, of course, not limited to 
the fabrication of radiators. 

The utility of copper in a variety of 
applications has been improved  sub- 
stantially by the development of a tarnish 
and corrosion resistant coating with a life 
of 25 years.?” The coating has the special 
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advantage of enduring ordinary forming 
operations without loss of its protective 
capacity. 

Advances in the technology of utiliza- 
tion, as exemplified in the last few para- 
graphs, reinforce copper’s strong market 
position. However, the inherent character- 
istics of high thermal and electrical 
conductivity and excellent ductility re- 
main the major sources of copper’s 
strength in the competition among mate- 
rials. 


Table 2.—Copper produced from domestic 
ores, by sources 
(Short tons) 


Year Mine Smelter Refinery 
LC .----- 1,213,166 1,258,126 1,219,342 
1964 1,246,780 1,301,115 1,259,852 
19656562 1, 351, 734 1,402,806 1, 335, 660 
1966. — 1,429,152 1,429,863 1, 353, 087 
1967575 . 954, 064 841, 343 846, 551 


Table 3.—Copper ore and recoverable 
copper produced, by mining methods 
(Percent) 


Open pit Underground 


Year — 

Ore Cop- Ore Cop- 

per 1 per 2 
1963 EE 81 74 19 26 
19% L puyu da esse 82 75 18 25 
9b vus 84 77 16 23 
1 963)½%½.0s—69. 8 85 80 15 20 
19. see 86 83 14 17 


1 Includes copper from dump leaching. 
2 Includes copper from in-place leaching. 


17 Mining Journal (London). C.D.A. Develop- 
ment Projects. V. 268, No. 6871, April 28, 1967, 


. 315. 

18 Chemical Week. Launching Copper Into 
New Markets. V. 100, No. 23, June 10, 1967, 
pp. 81-82. 

19 American Metal Market. Copper Fighting 
Back for Radiator. V. 74, No. 100, May 25, 
1967, p. 1. 

20 Electronic News. 
25-Year Coat. V. 
p. 39. 


Copper Group Tells of 
12, No. 619, Sept. 18, 1967, 
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Table 4.—Mine production of recoverable copper in the United States, by months 


(Short tons) 
Month 1966 1967 

SCT LS, ⁰¹¹ . ¹ALAAA ³⁰ m ³ꝛ⁰.. ³ĩÄ¹¹ eee eect Zl SS 118,048 122, 498 
FODUN s ou east cor cei ⁵ĩ⅛ —Äddddꝙdã%ſm y ß ete eT 106, 925 117, 887 
CJ o cocum cO ⅛Ü“1·“—; y ee S usya 123, 324 182,977 
e ,, e a a 120, 497 181,996 
JJõĩ ecc e ea o- ß (m 8 126, 246 130, 444 
J0§õÜ˙%Üd ũ % ũ ꝶß “ ꝓꝓ ꝓ ꝝꝓäß hdd ee 121,451 121,911 
LEE ENEE 107,071 i 
Augus EE yd d 114, 867 88,001 
S ⁵ↄ 8 116,777 24,898 
% EE 125, 430 28, 675 
Ne ði)/ ð2v ĩð b 123,087 24, 328 
P17J%%Cööĩß5ĩ5ö0³1 kk. EE 125 , 429 23,928 

Totals site ict Dus apr Bo ³ðAA ae c 1,429,152 954,064 


Table 5.—Mine production of recoverable copper in the United States, by States 
(Short tons) 


State 1963 1964 1965 1966 1967 
dereen busted 11 12,545 22,766 
EE 660,977 690 , 988 703,877 739, 569 501, 741 
CGaltornia. ee 16 „035 i ; 
Colorado 4,169 4,658 3,828 4,287 8,998 
dabei ose kee ees 4,172 4,666 5,140 4,961 4,210 
Michigan_.____ »˙m²miA . 88 75,262 69,040 71,749 78 , 449 58,458 

issouri. 2. 222 22 LLL c .. l... --. 1,816 59 ,981 : 8,215 
Mount 8 79, 762 103, 806 115,489 128,061 65,488 
Nevada- ------------------------- 81,738 67,272 71,382 78,720 60,771 
New Mexico. ....................- 83,037 86,104 98,658 108,614 75,008 
North Carolina Erd indc estates, Oaeei uua 
e. lames seen: — Tp VAS 4 282 (1) (2) 
Oregon (3) 15 (4) „ 
Pennsylvania 4,484 8,614 4,354 8,178 4,401 
South Dakota P kee ee ⅛ ] ¿sms Gr SSS 

ennessee. ee 13,717 13,889 14,828 15,410 14,600 
Utih EE EEN 208 ,095 199,588 259,188 265,888 168,609 

Washington.....................-- (3) 85 0 
WYOMING 6255 . ` AE 5 )))) AA 
TOU ou ous AA 1. 213, 166 1,246,780 1,351,734 1,429,152 954,064 


! Alaska, Oklahoma, and Oregon combined to avoid disclosing individual company confidential data. 
2 Alaska and Oklahoma combined to avoid disclosing individual company confidential data. 
P 3 North Carolina, Oregon, and Washington combined to avoid disclosing individual company confidential 
ata. | 


* Oklahoma and Oregon combined to avoid disclosing individual company confidential data. 
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Table 7.—Copper ore sold or treated in the United States in 1967, with copper, gold, 
and silver content in terms of recoverable metals.! 


Recoverable metal content Value 

Ore sold ——— old and 

State or treated Copper Gold Silver silver per 

(short tons) —— — — (troy (troy ton of ore 

Pounds Percent ounces) ounces) 

Arisong ---------- 74,289,203 901,853,500 0.61 66,933 3, 996, 587 $0.11 
California 5 2,100 7.00 1 | 63 8.87 
Colorado 2, 309 193,000 4.18 197 45,608 83.60 
One ila Betton E b 60 , 887 2,924,200 2.40 1,880 3,532 1.17 
Michigan ?............. 7,398,008 116,916,000 T9 _... . 801,992 .06 
Montang ` ............ 9,014, 687 118,056, 000 . 65 8,304 1,817,009 .94 
Nevada................ 9,161,699 97,640,800 53 28 , 466 86,441 . 15 
New Mexico 4,452, 994 61,084, 800 69 2,314 47,354 .08 
Tennessee 33. 1, 605, 590 29, 200, 000 91 181 130, 078 . 13 
Utah. o. ᷣ ed 20,895,061 274, 675, 800 . 66 213,122 1,762,264 49 
Other States 185,644 5,532,000 1.49 | ......- 10,495 .09 
Total............ 127,066,097 1,608,078,200 . 63 321, 398 8,351, 423 19 


1 Excludes copper recovered from precipitates as follows: Arizona, 98, 718, 600 pounds; Montana, 12, 782, 000 
pounds; New Mexico, 85,209,500 pounds; Nevada, 3,871,000 pounds; and Utah, 57,427,500 pounds. 


2 Includes tailings. 
3 Copper-zinc ore. 


Table 8.—Copper ore concentrated in the United States in 1967, with content in terms 
of recoverable copper ! 


Ore concentrated 


State (Short tons) 

ATISODBR E Ee ee et i ee 8 74,085,317 
Colorade EEN 200 
J1C6G111111111öͤ§Äã3ͥͤ ͥ ͥ ed made m i Lil es e 60, 808 
Miet... 7,398,008 
Ae oo eas eer e y LN ee 9,006,661 
Nevadne- eelerer e i u UAE md e eA LM ires 9,108,624 
N ⁰ð⁵ͥ cele ena ee ⁵ Re 4,417,581 
Ir. aa 88 1,605,590 
JJ tac ci De ]Ü5/¾ ³˙•wmmA ꝛr..! 8 20, 894, 964 
Other States- ²ðĩW⁴A / ⁰⁰ Su sss 185, 644 
J7JJ7%CGöͥöiÜ ] ⅛ ⅛Ü ͤUͤͥ˙7 000... ³ ee, 126, 763, 897 


Recoverable copper 


content 


Pounds 


888 , 410, 300 
8,900 


2,916,200 
116,916,000 
117,529,000 

96,599,100 
61,036,700 
29,200,000 
274,658,000 
5, 532, 000 


1. 592, 801, 200 


Percent 


Includes all methods of concentration: Dual process” (leaching followed by flotation concentration); 
LPF (leach-precipitation-flotation); tank or vat leaching; heap leaching; and froth flotation. 


2 Includes tailings. 
š Copper-zinc ore. 


Table 9.—Copper ore shipped to smelters in the United States in 1967 with content 
in terms of recoverable copper 


Ore shipped to smelters 


State Recoverable copper 
Short tons content 
Pounds Percent 
J; i ] ces Se ee EE 208 , 886 18,443,200 8.30 
COU Orne ß e AL LU at ire Lage 15 2,100 7.00 
%%% ³˙¹ ⁰¹ ⁰AA ͥ ⁵ y 8 2,109 189, 100 4.48 
I ³ðAVͥ/ EEN 79 8,000 5.06 
I ONCE aa Q u Tur Se ki ð ð d tales Gitar os e LE 8,026 527,000 8.28 
Nevada... u f... y ee 153, 075 1,041, 700 . 98 
New Mexico. ³h/hſͥͥõwdſͥͥẽ chi c 8 1 85,418 48,1 .07 
LE ZER 9 17,800 9.18 
TOC acl st fl ] , ͤ dsds o ee 802 , 700 15,277,000 2.52 


1 Primarily gmelter fluxing material. 
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Table 10.—Copper ores produced in the United States and average yield in copper, 
gold, and silver 


Smelting ores Concentrating ores Total 
Yield Yield Yield Yield Yield Value 
Year in in in per per per 
Short cop- Short cop- Short cop- ton in ton in ton in 
tons per, tons 1 per, tons 1 per, gold, silver, gold 
per- per- per- ounce ounce and 
cent cent cent silver 


3.32 141,284,319 0. 73 146,449,540 0.74 0.0030 0.070 $0.19 
8.20 149,834,616 .72 155,200,464  .73 00286 19 
ö Seo uS RE 624,629 2.43 172,661,569 70 178,286,198  .70  .00833  .074  .21 
2.34 ?186,416,819 .66 186,966,042 .67  .0029  .071 19 
2.52 2126, 763,397 .63 127,066,097  .63 .0025 066  .19 


1 Includes some ore classed as copper-zinc and some tailings. 
? Includes all methods of concentration: “Dual process" (leaching followed by flotation concentration), LPF 
(leach-precipitation-flotation), tank or vat leaching, heap leaching, and froth flotation. 


Table 11.—Copper produced by primary smelters in the United States 


(Short tons) 
Year Domestic Foreign Secondary Total 
1968 ee ee Se te eee eee ⁵ TE 1,258,126 88,574 97,986 1,394,686 
OG EE 1,301,115 87,318 88,3865 1,426,798 
EIER 1,402,806 91,244 93,895 1,527,945 
EE 1,429,863 36,573 114,671 1,581,107 
Ger earl es en 8 841,343 20,997 70, 746 933,086 


Table 12.—Primary and secondary copper produced by primary refineries in the 
United States 


(Short tons) 


1963 1964 1965 1966 1967 
Primary: 
From domestic ores, ete.: 1 
Electrolytic............. 1,095,377 1,139,494 1,200, 532 1,218,918 754, 175 
FCC AAA 8 64, 146 62, 598 71,241 69, 126 | 
Casting 59, 819 57, 760 63, 887 70,048 88,372 
Total cde 1,219,342 1,259,852 1,335,660 1,853,087 846,551 
From foreign ores, etc.:! 
Electrolytic............. 857,015 371, 003 382 , 598 821,302 258 , 478 
Casting and best select... 19,994 25,540 43, 540 36, 595 27,958 
Total refinery produc- 
tion of primary 
copper 1,596,351 1,656,395 1,711,793 1,710,984 1,132,982 
Secondary: 
Electrolytic 2222 240,620 276, 954 868,232 409,986 818,709 
Casting 17,993 23,172 19,879 27,977 24,568 
Total secondar -..-.-.--- 258,613 800,126 888,111 437 , 968 843,277 
Grand total 1,854,964 1,956,521 2,099,904 2,148,947 1,476,259 


1 The separation of refined copper into metal of domestic and foreign origin is only approximate, as accurate 
separation is not possible at this stage of processing. 
? Includes copper reported from foreign scrap. 


COPPER 469 


Table 13.—Copper cast in forms at primary refineries in the United States 


1966 1967 
Form — — ́—AęZyaä— — — 

Thousand Per- Thousand Per- 

short tons cent short tons cent 
II ³˙·ddddddddddd‚dddddddddd Dee ts Su Ses 246 11 149 10 
%))’ oe T G 236 11 98 7 
hh ³Ky y a a A E E 157 7 136 9 
Ingots and ingot barg 186 9 154 10 
Wire DOTS ora ³˙ðꝛmꝛmꝛäꝛↄͥͥ Eu Ru etc ð d e EE 1,305 61 926 68 
Other (Orme). guau E ff SS a eee wt i ee 19 1 13 1 
HN: EE — 2,149 100 1,476 100 

Table 14.—Production, shipments, and stocks of copper sulfate 
(Short tons) 
Production 
Year —— Shipments Stocks 
Quantity Copper Dec. 81 1 
content 

ae ee EE 41,636 10,409 41,188 5,480 
jr EE 41,908 10,477 43,684 8,416 
%%/%%ͤ%ͤ x E 47,340 11,835 45,640 5,048 
KEE 51,676 12,919 51,816 4,464 
196 EEN 40,128 10,032 40,644 3,516 


1 Some small quantities are purchased and used by producing companies, so that the figures given do not 
balance exactly. 


Table 15.—Byproduct sulfuric acid ! (100-percent basis) produced in the United States 
(Short tons) 


Year Copper Zinc Total Year Copper Zinc Total 
plants ? plants ? plants ? plants ? 
1963......... 358 , 503 861,763 1,220,266 1966......... 469,728 988,118 1,452,846 
19644. 330, 273 924,100 1,254,373 1967......... 348 , 497 900 ,170 1,248 , 667 
1965. ........ 869,321 961,591 1,330,912 


1 Includes acid from foreign materials. 

? Includes acid produced at a lead smelter. Excludes acid made from pyrites concentratesin Arizona, Montana, 
Tennessee, and Utah. 

3 Excludes acid made from native sulfur. 


Table 16.—Secondary copper produced in the United States 
(Short tons) 


1963 1964 1965 1966 1967 

Copper recovered as unalloyed copper 314,643 366 , 197 462,811 509,084 423,054 

Copper recovered in alloys !........ 659, 783 726 , 824 790, 439 825, 165 736,853 

Total secondary copper....... 974,426 1,093 ,021 1,258,250 1,834,249 1,159,907 

Source: 

New scra -------------- 552 , 583 619 , 500 739,814 799,389 677,248 

Old scrap. ...................- 421,843 473,521 513 , 486 584,860 482,659 
Percentage equivalent of domestic 

mine output 80 88 93 93 122 


1 Includes copper in chemicals, as follows: 1963, 10,191; 1964, 7,755; 1965, 6,129; 1966, 6,043; and 1967, 4,965. 
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Table 17.—Copper recovered from scrap processed in the United States, by kinds 
of scrap and form of recovery 


(Short tons) 


Kind of scrap 1966 1967 Form of recovery 1966 1967 
New scrap: As unalloyed copper: 
Copper- base 789, 262 667, 080 At primary plants 487, 968 343,277 
Aluminum- base 10, 000 10, 000 At other plants 71,121 79,777 
Nickel- base 117 157 — — 
Zine- base 10 11 Tot!!! 509, 084 423, 054 
Total...-------- 799,889 677,248 In brass and bronze 783, 286 700, 686 
S In alloy iron and steel 2,167 2, 805 
Old serap: In aluminum alloys..... 33 , 432 28,148 
Copper-base. ...... 528,097 476,471 In other alloys......... 287 299 
Aluminum- base 6,000 5,500 In chemical compounds. 6,043 4, 965 
Nickel- base 726 623 — — FV — 
Tin- base 18 15 Totall. 825,165 736,853 
Zinc-base... . . ... 19 50 L—LL———————————————— 
— M Grand total 1,334, 249 1,159,907 
Total... 534,860 482,659 
Grand total 1,334, 249 1,159,907 


Table 18.—Copper recovered as refined copper, in alloys and in other forms from 
copper-base scrap processed in the United States 


(Short tons) 
From new scrap From old scrap Total 
1966 1967 1966 1967 1966 1967 
Recovered by— 
Secondary smelters..... 63,329 60,474 250,890 250,514 814,219 810,988 
Primary copper 
producers 249, 330 216,385 188, 633 126, 892 437 , 963 343,277 
Brass millis 452, 916 372, 744 18,969 89,830 471,885 412, 574 
Foundries and | 
manufacturers 22, 060 15, 687 64,997 56,142 87,057 71,829 
Chemical plants. 1,627 1,790 4,608 8,093 6,235 4,883 


Total. mes 789, 262 667, 080 528,097 476,471 1,317,359 1,148,551 
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Table 19.—Production of secondary copper and copper-alloy products in the United States 


(Short tons) 
! Item produced from scrap 1966 1967 
m 
Unalloyed copper products: 
Refined copper by primary producers 437, 968 343,277 
Refined copper by secondary smelters. |... 2. ll cll lll... 53,861 68 , 337 
Copper EN 15,711 14,994 
Sd ↄ ⁰õꝙyddddſſſ ⁰⁰ʒd 2,049 1, 446 
% uz u Sytem ͥͥ ˙⁰· AA 509, 084 423, 054 
Alloyed copper products: 
Brass and bronze ingots: 
KINNTE EEN 17,871 19, 137 
Leaded tin bro, E Oe on ec tee ee 19,291 17,964 
Leaded red brass and semired braan 190,801 164,244 
High-leaded tin bron ne 42, 937 4, 588 
Leaded yellow breag. 2... 2 2 2 2222-2 22l-2 lll 22222222 - 18,470 18,626 
Manganese bron nee 16, 595 16,246 
Aluminum bron neee 11,817 12,858 
Nee ³ðWAA.. y k O 4, 650 5,251 
Low TTT %ͤꝛ at cds è . 8 8,788 2,772 
Silicon and conductor bronze EIT EROS T et aes een 8 8,250 7,867 
Copper-base hardeners and special allovg 17,146 13,339 
ß 351, 566 311,892 
Brass-mill porodueta ...... 2.2222 222222222 c c2ll2 22222222 222222222222 618 , 984 531,139 
Brass and bronze castings. __._._....__..-___---_.------------------- 64,276 54,942 
Brass Deeg n J J... LER , . AE EE 1,325 978 
Copper in chemical products. ................... 2... Lc. Lll cllc lll... 6,043 4,965 
G; .. u l u A ³ ˙Üwwwr ³»¹⁴ •wwtrrwr. A eee 1, 546,278 1,326, 3870 
Table 20.—- Composition of secondary copper-alloy production 
(Short tons) 
Copper Tin Lead Zine Nickel Alumi- Total 
num 
Brass and bronze production: 1 
O US SSS aa eee wee 274,571 17,217 23,572 85,174 951 81 851,566 
MEN 244,974 14,583 20,098 31,280 885 72 311,892 
Secondary metal content of 
brass-mill products: 
. ee tts 471,976 863 5,280 129,956 6,378 81 618 , 984 
/ eee ete 412,554 485 2,912 108,912 6,256 20 531,139 
Secondary metal content of 
brass and bronze castings: 
1986... 2-6 50,789 2,957 6,660 4,857 50 68 64,276 
KI EE 709 2, 006 5, 621 3, 190 49 45 53, 620 


1 About 90 percent from scrap and 10 percent from other than scrap. 
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Table 21.—Stocks and consumption of 5 copper scrap in the United States in 1967 
(Short tons) 


Consumption 
Class of consumer and type of scrap Stocks Receipts ..!.mkꝛpq j—— Stocks 
Jan. 1 New Old Total Dec. 31 
scrap scrap 
Secondary smelters: 
No. 1 wire and heavy copper 8,156 48,394 5,524 37,642 43,166 8,884 
No. 2 wire, mixed heavy and light 
copper 2,510 80,658 15,0538 64,648 19,696 8,467 
Composition or red brass. ........ 4,404 87,819 17,988 68,983 86,871 5,852 
Railroad-car boxes. 159 921 87 87 208 
Yellow brass 7,465 64,489 9,086 55,691 64,727 7,227 
Cartridge cases and brass 162 1,205. —f 1,073 1,073 294 
Auto radiators (unsweated)....... 8,428 54,018 ....... 54,221 54,221 3,225 
Bronte sxe ey ee 2:25 „253 34, 565 5,776 27,640 83,416 8,402 
Nickel silver 893 5,576 15 4,888 5, 508 966 
Low brass 276 4,417 8,226 932 4,158 585 
Aluminum bronze 116 621 265 232 497 240 
Low-grade scrap and residues 6,288 49,055 39,613 8,867 48,480 6,819 
e aea 81,060 426,733 97,046 325,634 422,680 35,118 
Primary producers: 
No. 1 wire and heavy copper 6,977 W W W W 3,880 
No. 2 wire, mixed heavy and light 
COPE? ee 17,045 211,426 145,780 68,867 214,647 18,824 
Refinery bras. 1,190 W W W W 898 
Low-grade scrap and residues. 19,188 149,888 50,547 102, 322 152,869 15,707 
Total- EE 44,400 469,849 267,907 212,033 479,940 33,809 
Brass mills: ! 
No. 1 wire and heavy copper 4,983 129,852 107,009 22,348 129,852 14,499 
No. 2 wire, mixed heavy and light 
copper__..... . 10,339 32,867 31,881 986 32, 867 5,744 
Yellow brass 8,902 214,720 214,720 214,720 27,018 
Cartridge cases and brass 5,047 97,851 73,690 24,161 97,851 8,272 
Bronzene 791 3, 872 3,872 „872 1.041 
Nickel silver 7,511 22,354 22,854 22,354 9, 518 
Low brass 2,986 $1,488 31,488 ....... 81,488 5,868 
Aluminum bronze..............- 48 206 206 ....... 206 788 
Mixed alloy scrap. zzz 11,765 6,470 6,470 ......- 6,470 7,091 
T Otel 1 5 Loon cec End ruis 62, 756 589,180 491,690 47,490 589,180 79,784 
Foundries, chemical plants, and other 
manufacturers: 
No. 1 wire and heavy copper 8,394 22, 927 8,007 14,973 22, 980 8,341 
No. 2 wire, mixed heavy and light 
EENEG 2,538 17,79" 4,389 14,055 18,444 1,891 
Composition or red brass 788 4,782 1,147 8,784 4,931 639 
Railroad-car boxes 1,056 25. TIT uie 25,000 25,000 1,888 
Yellow brass 1,262 „561 3,487 8,340 6,827 996 
Auto radiators (unsweated)....... 2,643 7,042 8,171 8,171 1,515 
Bronze._____ õ ë ꝙ.—Dt:: es 480 2,120 982 1,073 2,055 495 
Nickel silver. ..................- 4 134 . . `. 133 133 
Low brass 126 811 174 639 813 124 
Aluminum bronze 240 615 357 247 604 251 
Low-grade scrap and residues 3,745 8, 768 3, 877 5, 849 9, 726 2,787 
Total ³ W a 16,226 97,385 222,420 2 77, 264 299,684 13,877 
Grand total: 
No. 1 wire and heavy copper 3. 18,510 195,673 120,540 74, 958 195,498 25, 104 
No. 2 wire, mixed heavy and light 
S 32, 432 342,743 197,108 148, 551 345,654 24, 926 
Composition or red brass 5,192 92,601 19,085 72,717 91, 802 5, 991 
Railroad-car boxes 1,215 26,698 25, 872 25, 872 2,041 
Yellow brasa ................. 27,629 285,770 227,248 59,081 286,274 385,286 
Cartridge cases and brass 5,209 99,056 78,690 25,284 98,924 8,566 
Auto radiators (unsweated).. ..... 6,071 61,061 ....... 62 , 392 62 , 392 4,740 
Bronze seo see eS eS 3,474 40,557 10,680 28,713 89,349 4,938 
Nickel silver. ..................- 8,408 28,064 22,969 5,021 27,990 10,489 
W Draai EE 3,388 36,716 34,888 1,571 36,459 6,527 
Aluminum bronze... 788 1,442 82 479 1,307 „229 
Low-grade scrap and residues ? 4.. 30,361 207,211 94,037 117,038 211,075 25, 705 
` Mixed alloy scrap. .............. 11,76 6,470 6,4710 6,470 7,091 
WD Ota cca La Za ee 154,442 1,532,597 879,063 662,421 1,541,484 162,588 


W Withheld to avoid disclosing individual company confidential data. 

1 Brass-mill stocks include home scrap, purchased scrap consumption assumed equal to receipts, so lines in 
brass-mill and grand total sections do not balance. 

2 Of the totals shown, chemical plants reported the following: Unalloyed copper scrap 876 tons of new and 
2,226 old; copper-base alloy scrap 3,676 tons of new and 3,712 old. 

3 Excludes data withheld to avoid disclosing individual company confidential data. 

4 Includes stocks of refinery brass. 
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Table 22.—Consumption of copper and brass materials in the United States, by principal 
consuming groups 


(Short tons) 


Foundries, 
Primary Brass Wire chemical Secondary 
Year and item producers mills mills plants, and smelters Total 
miscellane- 
ous users 
1966: 
Copper scrap. ......... 683 , 907 624,028 . ......... 124,845 485,165 1,867,940 
Refined copper jj. 928, 490 1,370, 842 40,931 19,691 2,859,954 
Brass ingou ttt. 6.589 un 2335,43 841,994 
Slab z ine 170,649 . ......... 4,381 10,522 185,552 
‘eee ENEE 150 9,050 9,200 
Copper scraop 479, 940 539,10 99, 684 422, 680 1,541,484 
Refined copper ll. 650, 874 1,240,236 86,004 8,978 1,985,592 
Brassingot............ ......- 4,961 — :...-.... 2319,58 323,897 
Slab zink k 117,638 . ......... 3,807 10,092 131,537 
Miscellaneous ---.----- 150 6,728 6,878 


1 Detailed information on consumption of refined copper will be found in table 26. 
2 Shipments to foundries by smelters plus decrease in stocks at foundries. 


Table 23.—Foundry consumption of brass ingot, by types, in the United States 
(Short tons) 


1968 1964 1965 1966 1967 
nes i eee 8,295 9,834 9,999 11,174 10,691 
Leaded tin bronze ---------------- 25,655 27, 683 81,331 81,699 28,048 
Leaded red brass. __._._.__-__..----------- 163,153 176,423 181,778 174,270 145,579 
High-leaded tin bronze 18,850 21,014 22,930 23, 595 20, 928 
Leaded yellow br aas 11,815 12, 938 19, 767 17,349 15,866 
Manganese bronze .--.----------------- 8,497 9,264 9,816 10,331 10,254 
Hardeners____.____._.-------.------------ 3,889 4,071 4,849 4,085 4,096 
Nickel silver 2,789 8,084 8,398 8,577 4,094 
Aluminum bronze. `. -2-2-2 ---------- 8,053 7,820 8,122 8,861 7,958 
Low brass__..... ee ee ee E m 1,816 1,929 2,503 8,575 2,761 


OCA E 252,812 278,560 293,988 287,966 250,270 
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Table 25.—Primary refined copper supply and withdrawals on domestic account 
(Short tons) 


1968 1964 1965 1966 1967 

Production from domestic and 
foreign ores, ete 1,596,351 1,656,395 1,711,793 1,710,984 1,132,982 
Imports I. 119,219 139,974 187,443 162,602 380 , 347 
Stock Jan. 1 1___ .............. 71,000 52,000 37,000 85,000 43,000 
Total available supply - .... 1,786,570 1, 848, 369 1,886,236 1,908,586 1,506,329 
Sopper exports ee 311,479 816,230 324,965 273,071 159, 353 
Stock Dec. 31 I. 52, 000 37,000 35,000 43,000 27,000 
TODS e ea 863,479 853,230 859,965 816,071 186 , 353 

Apparent withdrawals on domestic 
account 2 1,423,000 1,495,000 1,526,000 1,593,000 1,320,000 


! May include some copper refined from scrap. 
? Includes copper delivered by industry to the Government stockpiles. 


Table 26.—Refined copper consumed by classes of consumers 
(Short tons) 


Ingots 
Year and class of consumer Cathodes Wire bars and Cakesand Billets Other Total 
Í ingot slabs 


bars 

1966: 
Wire mills. ............... 2,698 1,356,428 10,811 ....... 22 883 1,370,842 
Brass mis. -.-.---_----- 180,350 89,503 211, 500 284,156 262,834 147 928 , 490 
Chemical plant. 1,586 eens. acne 132 2,318 
Secondary smelters........ 9,408 ......... 9,968 EID 2:0 204 19,691 
oundriens 2,101 57 15, 678 (2) 2395 1,261 19,492 
Miscellaneous 11. 1,407 52 9,489 (?) 3774 7,399 19,121 
C 195,964 1,896,040 259,082 234,267 264,025 10,626 2,359,954 

1967: 
Wire mills... ............. 6,058 1,226,370 6,964 ....... ....... 844 1,240,236 
Brass mills. . ............ 152,310 28,090 115, 640 153,146 200, 906 282 650,374 
Chemical plants... ...... 2222-2-2 ......... 1 „386 FF 1,014 2,400 
Secondary smelters 4,908 ......... 28.816. Li... wo 254 8,978 
Foundries. ............... 1,873 98 18,096 (?) 3171 893 16,126 
Miscellaneous !............ 1,684 80 8,2835 (2) 3948 6,531 17,478 
Total. zL L: 166,838 1,254,688 149,187 158,146 202,025 9,818 1,935,592 


1 Includes iron and steel plants, primary smelters producing alloys other than copper, consumers of copper 
powder and copper shot, and miscellaneous manufacturers. 

2 Included with "Diere" to avoid disclosing individual company confidential data. 

3 Includes “Cakes and slabs” to avoid disclosing individual company confidential data. 


Table 27.—Stocks of copper at primary smelting and refining plants in the United 
States, Dec. 31 


(Short tons) 
Blister and 
Year Refined materials in 
copper ! process of 
refining 2 
1903 EE EE Eee ROSE RM 52,000 252 ,000 
T964 LO usu nee ua gh EE $7,000 246,000 
/// ³·¹1ẽ¹¹1A. n; yam ⁰⁰ydyß y a 35, 000 246, 000 
))). ³oſſſſſ ⁰⁰ſyſddddddddꝓꝓdd EE es 43,000 270,000 
1567 NECS E EE EE 27,000 220 ,000 


1 May include some copper refined from scrap. 
2 Includes copper in transit from smelters in the United States to refineries therein. 
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Table 28.—Stocks of copper in fabricators’ hands Dec. 31 


(Short tons) 
Unfilled 
Stocks of purchases Unfilled Excess 
Year refined of refined Working sales to stocks over 
copper 1 copper stocks customers orders 
from booked ? 
producers 
(1) (2) (9) (4) (5) 
1968 EE 474,875 100,357 382 , 692 163 , 558 28 , 982 
/%%%%ö7ô5ꝙt: m 429, 989 107, 244 381, 677 225, 866 — 69,810 
1065212 uut ⁰⁰y D aue cde ELI e 462,519 129,349 395, 396 288, 681 — 92,209 
13! a e AGE 558,599 184,732 407,345 361,559 — 75,573 
1961. en E E A N 8 479, 572 98, 716 415, 765 269,474 —106, 951 


1 Includes in-process metal and primary fabricated shapes. Also includes small quantities of refined copper 
held at refineries for fabricators' account. 

2 Columns (1) plus (2) minus (3) and minus (4) equal column (5). 

Source: United States Copper Association. 


Table 29.—Average weighted prices of copper deliveries ! 


(Cents per pound) 
Year Domestic Foreign 

copper copper 
KEE 80.8 80.7 
pps DEE EEN 32.6 83.0 
ki 85.4 86.5 
JJ//%%%C0%õ³%5 ⁵ ⁵ ...... Lh ⁰y; ae EE 36.2 50. 5 
%% exa ca ci LI C e T e 88.2 48.2 


! Covers copper produced in the United States and delivered here and abroad and copper produced abroad 
and delivered in the United States. 


Source: Bureau of Mines reports from copper selling agencies, 1963-65 and Metals Week 1966 and 1967. 


Table 30.—Average monthly quoted prices of electrolytic copper for domestic and 
export shipments, f.o.b. refineries, in the United States and for spot copper at London 


(Cents per pound) 
1966 1967 
Month Domestic, Domestic, Export, London, Domestic, Domestic, Export, London 
t.o. f.o.b. f.o.b. spot 3 4 f.o.b. f.o.b. Lob, spot 3 4 
refinery 1 refinery 2 refinery 2 refinery ! refinery ? refinery : 

January............- 85.82 36.131 41.770 76.18 37.64 37.872 49. 839 56.17 
February...........- 85.82 86.045 42.845 85.01 87.95 88.1038 50.201. 55.18 
Mare g 35. 82 36.124 44.298 84. 78 37. 95 38. 076 46.692 49.70 
ADM i E 35.82 36.150 43.438 86.15 87.95 38.170 42. 996 43.81 
May... . AA 85.82 86.033 55.433 15.08 87.95 88.118 48.288 46.88 
June... oe, 35.82 85.928 57.278 76.54 37.95 88.088 43.802 45.87 
M sese ceeds 85.82 36.016 57.718 70.78 37.95 38.295 48.888 45.00 
August -..---------- 35.82 35.964 48.797 53.93 87.95 89.090 44.966 47.09 
September........... 85.82 86.089 47.086 50.92 87.95 (5) 45.450 47.77 
October 35.82 36.888 52.376 57. 60 37. 95 (5) 47.431 51.29 
November 85.82 86.988 53.342 58.79 87.95 (5) 54.692 62.20 
December 35.82 36.245 49.763 54.84 37. 95 (5) 53.615 60.16 
Average 35.82 36.170 49.512 69.04 37.92 88.226 47.192 51.19 


! American Metal Market. 

? Metals Week. 

3 Metal Bulletin (London). 

* Based on average monthly rates of exchange by Federal Reserve Board. 
é Suspended. 
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Table 31.—U.S. exports of copper by classes and countries 


(Short tons) 
Ore, 
concen- Pipes Plates Wire Wire Other 
Year and country trates, Refined Scrap and and and and copper 
matte tubing sheets cable, cable, manu- 
(copper bare insulated factures ! 
content) 
1985. 2222022245 15,510 824,965 31,760 895 930 4,560 16,388 6,582 
193 Lors mec 2,149 213,071 17,968 520 311 4,192 23,252 6, 934 
1967: 
I ³ ¹ A mbh5boe GE 12 2 170 1,696 81 
Argentina .. 1111 ee 8 6 50 2 
um- 
Luxembourg 9,176 2,794 242 2 Ge 10 34 26 
Eeer ee, cx 6,918 81 -— es 27 
Canada. .-...------ 10,407 4,785 13,722 97 75 487 7,245 1,062 
Colombia. 8 1  ....... 25 1 21 3 
Fran ee 18,8 11 2 (2) 807 161 20 
Germany, West 10,887 19,497 131 115 5 291 14 
Deet | ër 6,415 282 94 ve 881 866 77 
tas 6 27, 200 70 11 12 14 108 18 
Japan 20, 846 29,214 2,486 1 30 251 79 
Mexico 1 975 6 59 163 558 37 
Netherlands 453 3,2900 (2 2 2 190 11 
Oceania... 124 1 6 13 273 97 
p EE 10 8 8 204 18 
SPaln 7. uuu bocce ce 5,088 836 541 4 "M 7 90 8 
Sweden 2,719 1,126 56 1 en 75 57 8 
Switzerland. 1,5341444 9 nee 275 57 1 
United Kingdom 156 26,588 18 1 30 33 152 26 
Other... Loss. uërg 9,687 80 824 17 2,819 5,309 4,185 
TOt8l 222225 59,692 159,353 17,616 715 247 4,971 17,176 6,570 


1 Does not include wire cloth 1965, 894,758,210 square feet ($1,296,498) ; 1966, 948,388 square feet ($508,074); 
1967, 1,394,086 square feet ($1,018,363). 
2 Less t 


han Le unit. 
Table 32.—U.S. exports of copper, by classes 
Ore, concentrates, Refined copper Other copper 
and matte (copper and semimanufactures manufactures ! Total 
Year content) 

Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- 
sands) sands) sands) sands) 
19665858 15, 510 $8,369 879,498 $817,337 6,796 $7,062 401,804 $332,768 
19666. 2,149 927 319,314 338 , 184 6,934 7,804 828,397 846,915 
1967 sss 59,692 32, 951 200, 078 213, 604 6, 570 7,472 266, 340 254, 027 


1 Does not include wire cloth: 1965, 894,753,210 square feet ($1,296,498); 1966, 948,388 square feet ($508,074); 
1967: 1,894,086 square feet ($1,018,363). 
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Table 33.— U.S. exports of copper-base alloy (including brass and bronze), by classes 


1966 1967 
Class — 

Short Value Short Value 
tons (thou- tons (thou - 
sands) sands) 
Ingol8.. vuoi c Ny eo eee eee Ds cee iu LAU E 1,441 $1,520 1,211 $1,253 
Scrap and waste 43,670 27,628 64,877 40,114 
Bars, rods, and shapes. 1,728 3,058 2,179 8,546 
Plates, sheets, and strips 1,194 3,356 1,113 8,523 
Pipes and tubing... e oo scel ee eee eee EE 1 , 932 8,345 2,092 8,986 
Pl. ⁰y 2,282 6,707 2, 846 8,573 
Plumbers’ brass goods 887 2,014 914 2,161 
Welding rods and wire .............. LL Lc lll lll... 1,116 2,129 910 2,466 
Castings and foreingg 478 887 401 881 
Powder and flake ns 1,099 1,743 1,036 1,571 
Ne REENEN 489 1,376 634 1,609 
Articles of copper and copper base alloys, n.e.ſ̃ cc (1) 6,306 (1) 6,126 
Total ds ß Acs tea d ca I seca 56,311 60,069 78,218 75,809 


1 Quantity not reported. 


Table 34.—U.S. exports of unfabricated 
copper-base alloy ! ingots, bars, rods, 
shapes, plates, sheets, and strips 


Table 35.—U.S. exports of copper sulfate 
(blue vitriol) 


Year Short Value 
Year Short Value tons (thou- 
tons (thousands) sands) 
J7«ö§Üñ᷑ ,•0-— . ki 2,135 $1,288 
JJ. 8 3,563 1,726 
1967_______.... EE 4,503 8,322 1967. ..-.......--.---------- 979 776 
1 Includes brass and bronze. 
Table 36.—U.S. imports and exports of brass and copper scrap 
(Short tons) 
1965 1966 1967 
Exports: | 
Copper-base alloy scrap (new and old 65,325 48,670 64, 877 
Copper n”n”nssd‚d 31, 760 17,968 17,616 
Imports for consumption: 
Brass scrap (gross weight) 2,275 7,360 8,505 
Copper scrap (copper content). ll. lll LLL lll l ll lll lll. 17,667 23,908 16,655 
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Table 37.—U.S. imports for consumption and exports of copper scrap by countries 


(Short tons) 


Imports Exports 
Unalloyed Copper alloy scrap 
Country copper scrap ———— Unalloyed Copper alloy 
(copper gross copper copper scrap scrap 
content) weight content 
1966 1967 1966 1967 1966 1967 1966 1967 1966 1967 
Australia B4. ununi. ⁰ ) SZ S SSS. perfe 86 ....... 
Belgium-Luxembourg. ...... ...... ....-. 3 760 242 3,598 4,180 
Canada............. 17,404 14,742 6,670 2,025 4,548 1,414 1,211 18,722 1,665 11,210 
FCC ð˙à] ele tates ` veer 55 Zosen 8 85 uml 148 26 
Germany, West. T 138. 222 lxedmu 8 2,700 131 4,187 4,008 
TGR ott ß ie ete. Sees ita 61 282 408 
Taly uc ˙» ees [^ 2253022. eee, yy 8 567 70 1,967 1,410 
Japan tt, geet. kos 24 ns 17 6,808 2,486 24,896 37,805 
Mexico 2,722 1,888 127 532 99 376 17 83 39 
Netherlands 73 /. ͤ ͤ ᷣ ²⁵ / ²·- AA eee. 394 830 
pain 77 5 MF PE EC ee 2,600 541 2,207 884 
Sweden » » ³ÜAä ⁰ ²ꝛà—T. » deet ⁰ ÄP! 75 56 3,416 2,615 
United Kingdom 52 27 178 142 108 101 187 18 409 91 
ene ß , ß sede. eect 3,243 50 238 1, 126 
Other countries. ..... 2,947 306 385 727 301 602 159 61 395 745 
Total.. .------ 23,908 16,655 7,360 3,505 5,056 2,549 17,968 17,616 43,670 64,877 
Table 38.—U.S. imports ! of copper (unmanufactured), by classes and countries 
(Short tons, copper content) 
Ore, con- Matte Blister Refined Scrap Total 
centrates 
EE 36,425 508 332,560 137,443 16,205 523,141 
196 
Australian 1,202 r fanc ce 28 1,280 
Bolivia EE 2,462 % V o — uir pL 2,462 
Canada ------------------------ 7,746 851 596 85,723 22, 558 116,974 
11!•§öÜÄ 8 818 Bee 182 , 662 21,326 2,241 207,047 
Germany, West __...- ee 6 8,120 7 8,133 
PP öõ§;’— d ¿Du Sisa ace 348 442 54 844 
Mees 3 83 ES e 3,182 11,190 
Netherlands. zs 56 1,370 98 1,524 
ele EE 5335 1,158 | ...... 1,158 
c. RSEN SEEN 6,863 hon 95,975 23,182 14 126,634 
Philippines 21,023 JJ; .. 21 21,055 
South Africa, Republic og 228 AE 50,088 333 50, 652 
United Kingdom ....... Lee 957 14,104 52 15,118 
/// wr re e 1,146 9 11,304 6,241 791 19,491 
TOtül- ui des eese 41,571 371 849,917 162, 602 29,046 588,507 
1967: 
ITT eos wos 708 fund» e cnt 2,2477 2, 955 
Big. ⁵ĩð v ĩ es 1,284 % PT 1,284 
Canada- .------------------------ 7,151 78 336 140,602 14,588 162, 755 
El 8 691 TR 141,629 80,791 . ...... 173,111 
Germany, Wee 211 33 33, 269 11 33,491 
Mesesesesesesse ete cee -- 145 Soe 2,987 . ....... 1,388 4,470 
Netherlands. M. uz: 14,119 14,121 
NöGõô ͤh0 0m: ⁰⁰ e E „% anl (81 1 781 
e 6,614 1 84,329 27,694 . ...... 118,638 
Philippines 16, 058 %% ³ — at 16, 058 
Rhodesia Southern, Zambia, and 
Malawi. oct cute uir — 225 9,689 . ...... 9,914 
South Africa, Republic og. "e 38, 866 3,2200 42,086 
United Kingdom ee, ` AE 20,468 27 20,495 
Ml.. 8 29 1 1,000 47,467 285 48 , 782 
TD Otel BEER 32,891 80 269 , 322 330,347 16, 301 648, 941 


1 Data are general imports, that is, they include copper imported for immediate consumption plus material 
entering the country under bond. 
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Table 39.—U.S. imports ! of copper (unmanufactured), by countries 


(Short tons, copper content) 


Country 1965 1966 1967 

Australia..... EE 5,320 1,230 2,955 
Belgium- Luxembourg 40 3,642 20, 678 
II ³·¹w.w.wu EEN 1,991 2,462 1,284 
(CanBdl. s e EE Len RU yd Mea uw tere en 83 , 997 116,974 162,755 
Chil8- 22 re eres rcu E MEE ⁵³ð!ſ/ſ ⁰⁰km tice oe Ecce E 213,491 207 , 047 173,111 
Germany, West... o erm -0ů=: Dee dieci P MR s 1,110 8,133 83,491 
Merli Lus eeu ce Sta a . CT Su e E 9,121 11,190 4,470 
Netherlands qu 530 1,524 14,121 
% / ſ AAA  a aa e 1,346 1,158 781 
Peri ]ðÄV ĩ ] dd T¼᷑᷑ E 129,317 126,634 118,638 
Philippines J ENEE 12,386 21,055 16,058 
South Africa, Republic of_____ 2222222222222 LLL 22 cll eee eee 16,552 50,652 42,086 
Southern Rhodesia, Zambia, and Malawi 3,189 . ....... 9.914 
United Kingdom sce is sein 896 15,113 20,495 
/ ³˙Üſ E MM Ee A ETE 14,355 16,693 28,104 

OR kts oo hs tec EE 523,141 583, 507 648, 941 


1 Data are general imports, that is, they inelude copper imported for immediate consumption plus material 


entering the country under bond. 


Table 40.— U.S. imports for consumption of old brass and clippings from brass or 


Dutch metal ! 


Short tons Value 
Year (thou- 
Gross Copper sands) 
weight content 
V ³¹·Üi⁵ q Cle od a 2,275 1,490 81,151 
% EE ff ee 7,860 5, 056 5, 846 
TOG Tost oe he Sah ³⁰·. . ³ ?ͤx50ẽw As ete ays Sasa saat usu 3,505 2,549 2,479 


1 For remanufacture. 


Table 41.—U.S. Imports for consumption of copper (copper content) by classes 


Short Value Short Value 
tons (thousands) tons (thou- 
sands) 
Year — 
Ore and Matte 
concentrates 
1960 ee eem 1,441 $777 83 $72 
ET ¿uz a K Bae 6,843 4,118 117 85 
196712 2 mn x Sie a teas 35,673 28,820 2 85 
Refined Scrap 
/ ³¹¹⅛ mme 108 , 269 $70, 937 17,667 37, 208 
KI 77,783 63,654 23,908 24,662 
KL EE 382 ,065 811,164 16,655 14,731 


Short Value 
tons (thousands) 


Blister 


75,122 
337 , 955 
272, 728 


$45,262 
272, 996 
218, 430 


Total 
value 
(thousands) 


$124,251 
365, 515 
573, 180 
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Table 42.—World mine production of copper (content of ore) recoverable where 
indicated, by countries 1 2 


(Short tons) 


Country 1963 1964 1965 1966 1967 v 
North America: 
Canada 33 452, 556 486 , 897 507, 874 507 , 874 602,645 
Cuba; MEM r 7,190 r 6,434 NA NA 7,000 
CCC! ͤ A 6,486 5,544 4,365 r 3,064 2,590 
Mexico 460, 726 457,399 460,900 1 62,295 c 62,000 
Nicaragua sas 8,028 10,185 r 11,229 10,763 10,291 
United States 1,218,166 1,246,780 1,351,734 1,429,152 954,064 
South America 
Argentina 431 380 571 r 353 NA 
Bolivia s. sz r 3,308 r 5,218 r 5,221 r 6,423 6,710 
Brazil 6. Re 1,600 2,200 2,400 2,700 8,300 
Chllé o aS ek eee 665,951 698,140 r 667,898 731,570 131,789 
Ecuador 314 188 142 246 NA 
POP oe uu ys sal mia 3 198,486 3 194,497 3 198,786 194,441 199,668 
Europe: 
Albania r 2, 500 2, 800 r 4,400 r 4,400 NA 
Austria zz 2,078 1,725 1,678 2,043 2,101 
Bulgar ids ee 23, 369 22, 487 32, 959 34, 200 ° 84,200 
Finland.... ............... 37 , 368 35,605 32,849 29,090 31,788 
France 8 302 294 312 r 478 660 
Germany: 
East n 22,000 22,000 22,000 22,000 NA 
EE 2,515 1,759 1,184 r 1,386 1,295 
j ͥ ⁵⁰ͤ ⅛ §ͤͤ 8 i: EE r 1,433 3,858 
Italy o w E r 1,125 r 837 r 783 r 1,269 1,955 
Norway ' y 15,724 r 16,505 r 16,278 r 16,331 15, 654 
Poland ee be eG 14,600 16,000 16,600 17,700 19,100 
Portugal 7L 2 6. Je eee see 3,627 4,812 4,799 r4,117 ° 5,700 
SDp8Iñ EE 7,534 r 10,882 r 9,674 r 8,285 9,053 
Sweden 18 , 400 17,846 r 17,402 ° r16,100 e 16,000 
USS. NR ennie aunna r 660,000 r 715,000 r 710,000 r 825,000 880,000 
xm Yugoslavia... 68 , 447 69,648 68,951 68,588 e 71,650 
rica: 
Ages, LE bee ed 1,142 1,204 1,130 e 1,110 ° 1,190 
Angola... 2... 2.22... See | | eee ccc. 
Congo (Brazzaville) ... 3230 8 CCC 
Congo (Kinshasa) 9. 299,097 304, 943 318,132 347, 960 353,314 
Morocco 1,991 1,927 1,998 2,956 2,784 
Rhodesia, Southern 18,489 18,341 19,800 e 19,000 NA 
South Africa, Republic of 60,792 65,579 66,640 137,414 ? 140,583 
South-West Africa, Territory 
/)». ea ae 35,774 38 ,698 43 , 456 42,906 NA 
Uganda . 17, 875 20, 128 18,895 17,745 15,902 
"T Zambia__ ese 648,239 697,047 766,924 687 , 226 729, 995 
sia: 
Burma 190 140 150 r 110 150 
China, mainland se 99, 000 99,000 99,000 99,000 88,000 
Cyprus (exports) ............ 29,001 18,513 21,235 27,775 49 ,980 
India oe ĩð2A ol oe Oe 11,034 11,553 11,153 11,354 9,480 
Israel nid p PELLUS 8 8,50 e 8,800 e 8,900 9,370 NA 
Japan DINNER OSEE 118, 186 117, 037 118,021 r 123,105 129,692 
orea: 
North °... emus 9,000 11,000 r 11,000 13,000 13,000 
South e -2 ------------- 678 937 r 1,260 r 1,274 1,500 
Philippines 70,202 66, 643 69,159 r 81,304 92,338 
An 1,785 1,916 1,704 2,197 2,472 
Turkey... oh (TTT 32 ,187 38 , 030 37,088 40,124 34,158 
Oceania: Australia 126,523 r 117,200 r 101,235 122, 372 98,188 
Total | ...... Se r 5,087,916 15,290,698 75,527,819 5,788, 603 5,435,787 
* Estimate. P Preliminary. r Revised. NA Not available. 


l F Hungary, Iran, Kenya, and Malaya also produce copper, but produetion data are not 
available. 

2 Compiled from data available June 1968. 

3 Recoverable. 

4 Revised to avoid duplication of data. 

5 COMIBOL production plus exports by small and medium mines. 

6 Includes copper content of auriferous ores. 

? Includes copper content of cupriferous pyrites. 

$ Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 

? Smelter production. 

19 Total is of listed figures only, no undisclosed data included. 
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Table 43.—World smelter production of copper, by countries ! 
(Short tons) 
Country 1963 1964 1965 1966 1967 » 
North America: 
an ada 380, 075 407, 942 434.133 433,921 500, 020 
Mexico ese 259,150 255,383 ? 59,534 60,889 60,000 
United States . 1,296,700 1,338,433 1,434,050 11,466, 436 862, 340 
South America: 
e ceo ed 2,205 3,307 NA NA NA 
Chile L susu ae 614,390 647,139 r 633 , 573 r 688 , 497 695,234 
d 2 decenas 173,615 167,625 174,851 166 , 583 172, 744 
Europe: 5 
Albania... ch oGi e ues 2,249 2,429 r e 4,400 r e 4,600 NA 
Austria (electrolytic) 6. 14,385 16,140 17,864 18,767 19,180 
Bulgaria 22, 622 23,261 27,831 28 , 660 e 30,000 
Finland (electrolytic) ?....... 41,664 36,571 33,645 35,177 37,697 
Germany: 
VT 22,000 22, 000 22,000 22, 000 N 
West 838,799 370,728 393,946 413,778 421,558 
Norway 7?____ uc 8 r 19,734 r 19,301 r 22,140 r 21,960 21,988 
Poland (electrolytic) )) r 32, 665 r 40,894 r 41,226 r 43,924 r 46,517 
Spain (blister) 25,919 23,595 r 34,197 20,693 33,390 
Sweden (electrolytie) 77 r 50,112 r 50,323 r 55,383 r 56,438 e 53,000 
USSR ·˙ð⅛ A r 660,000 r 715,000 e 770,000 r 825,000 880 ,000 
Vugoslaviiaaaaa 55,974 57,007 62 , 742 r 78,640 e 80,500 
Africa: 
Angolas ewes Jio. eee ee Eta xe NEE 
Congo (Kinshasa) 299,097 304, 943 318,132 347 , 960 353,314 
Rhodesia, Southern 16,187 16,798 e 18,900 ° 18,900 NA 
South Africa, Republic of 60,085 60,090 60,022 r 126,799 140,583 
South-West Africa, Territory 
OE RNC ERR PERI RSEN MAE 22, 904 31,428 32,745 36,412 NA 
Uganda _ att ae 17,875 20,128 18,895 17,745 15,902 
il! 8 r 635, 868 r 708, 616 r 754, 966 r 421, 738 669,244 
Asia: 
China, mainland ......... 110,000 110,000 110,000 110,000 99,000 
India . 2. 2e enu 10,574 10,422 10,318 10,404 9.450 
Japan (electrolytic)... ....... 325, 403 376,658 403,095 446,267 518, 132 
orea: 
North (electrolytic) _ _ _ 11,000 11,000 13,000 13,000 13,000 
i EE 2,622 3,097 r 2, 978 4,26 4, 076 
KE EE 1,633 r 2,080 r 2,412 r 2, 658 3,308 
Turkey 22 52055 8 21,326 28,639 28,991 29,340 27,988 
Oceania: Australia 99,111 90, 259 82, 224 r 101,345 81,633 
Total 626. r 5. 447, 055 1 5,770,736 76,078,188 6,072, 744 5, 849, 748 
e Estimate. P Preliminary. r Revised. NA Not available. 


1 Complied from data available June 1968. 

2 Revised to avoid duplication of data. 

3 Smelter output from domestic and foreign ores, exclusive of scrap. Production from domestic ores only, 
exclusive of scrap, was as follows: 1963, 1,258,126; 1964, 1,301,115; 1965, 1,402,806; 1966, 1,429,863; and 1967, 
841,343. 

Includes secondary copper. "mo SEH 

5 Belgium reports a large output of refined copper which is believed to be produced principally from crude 
copper from Congo (Kinshasa); it is not shown here, as that would duplicate output reported under latter 
country. 

6 May include some scrap in raw materials; excludes fire refined copper. 

7 Includes scrap. . . 

$ Totals are of listed figures only, no undisclosed data included. 
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Table 44.—Canada: Copper production (all sources) by Provinces ! 
(Short tons) 


Province 1966 1967 » 

British Columbia 52,880 81,921 
% eene pH" eee Se eee Ee 31,315 29 , 459 
New Brune eR MM 7,089 5,608 
Newfoundland... S S SSS ð ue s e i e 19,394 19,689 
Northwest Territorien 748 226 
ET TEE 115 
(Ä mue tm ³⁰ꝛ mx. ³ ee es es ek, a te ate es 202, 976 269,855 
Quebec o u sagu ym eu cs dd EE 171,998 159,088 
U sie i ũ « ?ͤ ͤ kd e Ehe 19, 561 22, 788 
Fuer i:: ð h fd x nad ects 3, 675 

zr p pp ñ pp ß Na ee res 506,076 592,299 


P Preliminary. 
! Blister copper plus recoverable copper in matte and concentrate exported. 


Source: Dominion Bureau of Statistics, Department of Trade and Commerce, Government of Canada. 
Preliminary Report on Mineral Production, 1967. 


Table 45.—Chile: Exports of copper, by principal types 
(Short tons) 


1966 1967 
Destination Refined Refined 
Electro- Fire Blister Total Electro- Fire Blister Total 
lytic refined lytic refined 
Argentina.__._...--..---__- 2 875 2: Ai a 2,875 39.928. . tie ere 8,928 
Usti 8 902. / ˙ AA tee es 902 Il! coe 1,141 
Tf! 2 5202 1,560 12T l5 1,687 8,181 ...... .....- 8,181 
Denmark 2.043 l... Sien duds 2,043 L867 x 8E 1,867 
Finland 180 8 1, 802 2,878 8 — ux 2,878 
France... coe oe ee ee 26,114 18,719 111 44,944 40,146 9,343 49,489 
Germany, West 98,904 12,180 10,444 121,528 106,736 10,422 12,111 129,269 
DANY oor sion ee 44,831 22,869 836 68,536 52,383 17,148 1,504 71,035 
ps Rr emer 19,191 1,226 ...... 20,417 20,052 5,589 ...... 25,641 
N etherizude ; y NM IE SUE 2.298. Beet + ee , 296 
Norway....... F / mei 2, 438 0 A imeem 3,248 
PCA eee d. 28222 ̃ cans 3,282 6,425 PME oM 6,425 
Sweden 18,215 4,404 5.860 28,479 18,823 5,208 9,967 33, 998 
Switzerland................. 3,129 1,916 ...... 5,045 2,999 1,809 ...... 4,808 
United Kingdom 57,943 17, 243 38,022 108,208 66,844 17,415 37,029 120,788 
United States J12 445; 2:52 xin 112,445 104,901 „860 108, 261 
G ũ ³¹¹1¹um yd ⁰o¹wwwwww·· ³¹¹¹mm A , y vce oee 28 
Total... . c ¿ us 895,674 78,684 50,273 524,631 442,816 70,294 60,611 578,221 
Table 46.—Peru: Copper production 
(Short tons) 
Year Blister Refined Other Total 

;öͤÜ .ß60 4: CC 130, 398 40, 689 24, 522 195, 609 

19dſdſsſdſsſsr 125, 935 41,679 26,883 194,497 

J%%%%%fGGEWbfTfV0oe⸗ù k y 130, 250 44, 600 23, 936 198, 786 

IJ. ³⅛ ſ ⁰⁰⁰ y EE 124, 674 41,859 27,908 194,441 

1951.5. 5.2 ⁰ .. S S ͤ LS 134,152 38, 592 26,924 199, 668 


Source: Bureau of Mines. Mineral Trade Notes. 
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Table 47.—United Kingdom: Exports and reexports, by countries 


(Short tons) 


Destination 1966: 1967 Destination 1966 € 1967 
Germany, West 10,392 17,052 Pakistans 1,040 662 
China, mainland. ............ 6,485 11,977 Sweden 1,852 549 
Netherlands. ................ 8,249 9,084 Brazil......................- 882 
United States 8,045 8,8348 Denmark --------------- 270 137 
Poland S uoo SERI 3,628 5,244 Norwayy ss 797 122 
Spain 32066 AA m hua 3,064 Janan ----2----2-2-2--------- 926 34 
IDdIB. 5 cn ca a ate E 671 2,479 Australian. 1,146 8 
C Bos es eo ae 1,739 2,107 Canada..................... 224 ...... 
Belgium 2,325 1,728 United Arab Republic.......... 14 =>... 
Czechoslovakia 465 1,289 Other countries 934 772 
Fiese Sones 7,413 1,060 —— n 
Argentina 2,475 755 Total 5. ee wee ms: 60,362 66,853 

r Revised. 


Source: British Bureau of Nonferrous Metal Statisties. 


Table 48.—United Kingdom: Imports of copper, by countries 
(Short tons) 


1966 r 1967 
Country Blister Electro- Fire Blister Electro- Fire 

lytic refined lytic refined 
Zambia. EE 16,906 221,208 3 ...... ! 542 190,308 . ...... 
iii.. 8 30, 700 43, 646 22,018 34,100 59,469 20,897 
IRCH, TEE 89,029 A 222a 97,159 — L1: 
United Ses ------ 40,808 T 31397 30,305 506 
SWOGGN GEN 15,045 x. —— cls 15,77 
Germany, Wess 20,068 84 — 3s 10,198 
South Africa, Republic oz.. 2, 954 1,075 6,471 146 199 7,801 
Belgium cmdexa 17). gu 2 6,7585858 
Netherlands —— 19, 648 28 6,008  J ...... 
Congo (Kinshasa-)uůůjy  .....- 2.260 emsan im$enex 4,817 |. ...... 
S OS CNN CNET IEEE 9,856. osara- erite 4,2005 
PSP ˙Ü⁰D ³ AAA beeen 1221888 <teckce 3,912 
UU ð2Zuĩſ EE ( ͤ jobs 2,547 —F0 
// ͤͥũ]ꝙÜ¹˙¹iAA ²˖⁰—J—T—T S. Bec I  LixxLLc. munen 1,03««“9“9“9d 
CJCöÜ ³·ÜÜ1Ü¹ͥ¹2i AA ͤ 1,131 39 WWW WW 2 28 
Other countries 103 4,054 58 22a- 1,075 57 
Total; 22-9 2222222 te Sse 41,794 485,644 85,972 34,788 433,794 29,261 

r Revised. 


1 Includes fire refinable anodes. 
Source: British Bureau of Nonferrous Metal Statistics. 


Digitized by Google 


Diatomite 


By Benjamin Petkof ' 


Domestic diatomite production remained 
strong in 1967, but showed a decline of 
slightly over 2 percent in both quantity 


and value. The United States continued to 
maintain its position as the major world 


producer of this commodity. 


DOMESTIC PRODUCTION 


For the first time since 1960 diatomite 
production declined slightly. All produc- 
tion to meet domestic demand came from 
the Western United States, with California 
as the major producing State. Nevada, 
Washington, Arizona, and Oregon contri- 
buted smaller quantities. Twelve companies 
with 14 plants produced diatomite during 
the year. 

Lassenite Industries, in Lassen County, 
Calif., completed a plant to process and 


prepare diatomite for use as a pozzolan in 
concrete construction. Material for the 
plant will be obtained from a diatomaceous 
shale and diatomaceous volcanic tuff de- 
posit in Long Valley north of Hallelujah 
Junction in eastern Lassen County.’ 
During 1967 the Johns-Manville Corp. 
began enlarging its diatomite processing 
facilities at Lompoc, Calif. When com- 
pleted in 1969, production capacty will 
have been increased by 25 percent. 


Table 1.—Diatomite sold or used by producers in the United States, 3-year totals ! 


1951-53 


Domestic production (sales) .... short tons 
Average value per ton 


1 Annual figures are eompany confidential. 


1954-56 1957-59 1960-62 1963-65 


908,448 1,105,279 1,849,840 1,446,625 1,740,888 
$29.97 


$39.21 $45.73 $50.08 $50.40 


CONSUMPTION AND USES 


The consumption and use pattern for 
diatomite changed only slightly from that 
of 1966. Almost one half of the material 
sold or used by producers was used for 
industrial or water supply filtration and 
the quantity used for this purpose in- 
creased 2 percent. The quantity used for 
insulation declined 10 percent although the 
percentage of total consumption for this 
purpose declined slightly. The quantity of 
material used for industrial fillers declined 


9 percent. Consumption for miscellaneous 
purposes such as absorbents, insecticides, 
lightweight aggregates, paints, pozzolans, 
and soil conditioner declined slightly. 


1Commodity specialist, Division of Mineral 
Studies. 

2 Mineral Information Service. Diatomite, 
California Division of Mines and Geology, v. 21, 
No. 2, February 1968, p. 25. 


3 Johns-Manville Corp. Annual Report for 
1967, 22 pp. 


Table 2.—Domestic consumption of diatomite, by principal use, in percent of 
total consumption 


1963 1964 1965 1966 1967 
47 47 44 46 48 
28 24 20 20 18 
b 4 6 5 4 
25 26 80 29 80 
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PRICES 


The weighted average value of diatomite 
showed small variation from last year. 
Value per ton of material used for filtra- 
tion, insulation and abrasives declined 
slightly, whereas that used for industrial 
fillers and miscellaneous uses showed small 
advances. 


Table 3.—Average annual value per ton 
of diatomate, by uses 


Use 1966 1967 
Filtration $68.48 $61.15 
Insulation 55.96 54.31 
Ar 8 133.72 131.78 
Fullerg 2 222 22.2... 51.70 53.18 
Miscellaneous. ................. 84.99 37.93 

Weighted average 52.44 52.54 


FOREIGN TRADE 


Domestically produced diatomite con- 
tinued to be exported throughout the 
world. 

Imports of this commodity were almost 
negligible. Canada and Mexico supplied 
the 154 tons of materia] that were im- 
ported. 


Table 4.—U.S. exports of diatomite 


(Thousand short tons and thousand dollars) 


Year Quantity Value 
EEN 114 39, 752 
19062 L er i ee ee se 144 11,500 
TEE 148 11,824 


WORLD REVIEW 


The United States led world production. 
Other major free world producers were 
France, Italy, West Germany, and Den- 
mark. 


Canada.—Pacific Diatomite, Ltd., com- 
pleted a pipeline to carry a slurry of pul- 
verized diatomite from its deposit West of 
the Frazer River near Quesnel, British 
Columbia, to its processing plant at Barlow 
Station on the Pacific Great Eastern Rail- 
way where it is ground, dried, and pre- 
pared for shipment.“ 


Iceland. — By the end of the year the 
new diatomite mine and mill being devel- 
oped by Johns-Manville Corp. in associa- 
tion with the Government of Iceland 
neared completion. The output of the Lake 
Myvatin deposit will supply diatomite 
products to the European market. 


4 Minerals Processing. Diatomite Slurry Pipe- 
line in British Columbia. V. 8, No. 6, June 1967, 


p. 28 


DIATOMITE 


Table 5.—World production of diatomite, by countries 1 2 
(Short tons) 
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Country 1968 1964 1965 1966 1967 p 
North America: 
anada - 22.56 es See ee 798 1,148 82 r 70 
Costa Ria e 2,000 e 4,000 8,807 ° 8,800 NA 
CL ew cna des 979 2,260 987 9,327 NA 
Nicaragua...................- EEN, ee n - ur emu. ` Leite NA 
United States 3 580,278 3 580,278 3 580,278 3 700,000 2 686,000 
South America: 
Argentina... .....-......l.2.- 6,256 8,567 r 6,714 r 8,267 NA 
77;ͤ;oͤ .. er CE e 8,500 e 8,500 e 3,500 e 8,500 NA 
Columbia 2,425 255 220 NA 
;;. ys Sau sss 2,733 2,858 r 2,724 31,742 NA 
Europe: 
Ding! RS L u 8 4,339 4,224 4,447 4,188 4,200 
Denmark: 
Diatomite °___ 22 ,000 20,400 18,800 * 11,000 11,000 
Moler è 422222- 212,000 210,750 235,000 225,000 220,000 
Finland... ` l 6 jee Ris „53 „392 1,047 r 1,828 ° 1,100 
Frances 146, 304 146, 699 r 166,046 r 164,328 NA 
Germany, West (marketable) . 47, 289 52,737 58, 005 r 57,831 e 55, 000 
, ß ß e . Äerer ° 8,800 
If! ³ AA 8 65, 509 r 76, 445 e r 66,000 er 66,000 e° 72,000 
Portugals 2,067 2,007 2, 896 r 8,766 ° 4, 400 
S/ § ue oc . ĩðͤ e ue T 11,229 e 12,500 r 13,131 e 12,600 NA 
Sweden (marketable) 23. 40 239 r 439 r 440 ° 830 
USS EH 840,000 r 350,000 r 860,000 r 885,000 895,000 
United Kingdom EE 15,946 15,863 r 16,888 e 15,400 NA 
Zn Yugoslavia..................- e 11,600 * 11,600 e 11,600 * 11,600 NA 
rica: | 
Algeria... 19,454 22,163 18,092 e 18,100 e 18,100 
Kenya... mm age 3,677 3,368 445 r 1,9583 NA 
KEE, GSSs. dd r 86 e 80 
Rhodesia, Southern 8... 801 847 e 530 e 530 NA 
South Africa, Republic of- 220 546 1,076 r 240 e 688 
United Arab Republic........... 916 7 44,080 ? 80,375 7 70,111 NA 
Asia: Korea, South -------- 1,916 41,081 638 r 282 2,467 
Oceania: 
Australian r 5,749 9,780 r 7,793 r 7,967 NA 
New Zealand .............. 1,796 1,881 ,987 r 5,219 NA 
Total 8. 52: te as r 1,515,976 71,681,418 71,660,057 1, 778, 555 NA 
e Estimate. P Preliminary. r Revised. NA Not available. 


1 Diatomaceous earth is produced in Bulgaria, Hungary, Japan and Rumania but data on output are not 


available. 


2 Compiled mostly from data 1 April 1968. 


3 Average annual production, 1963-65 


4 Data represents estimates of moler earth used as a raw material in making refractory bricks plus moler 


earth exported in bulk form. 
s Includes tripoli. 
* Includes calcined. 
7 Includes refracto 
8 Total is of listed 


clay. 


gures only; no undisclosed data included. 
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Feldspar, Nepheline Syenite, 
and Aplite 


By J. Robert Wells 


FELDSPAR 


Domestic production of crude feldspar 
in 1967, although less in quantity than in 
1966, established a third consecutive re- 
cord high in yearly total value. Strong 
domestic demand counteracted the in- 
fluence of large-volume imports of dinner- 
ware, especially from the Orient, to bring 
the tonnage of feldspar consumed by U. S. 
potteries to an annual figure exceeded in 
only two earlier years. There was a sharp 
decline in the usage of feldspar for 
enamels, but the notable vigor of the con- 
tainer-glass industry, sustained by the 
conspicuous popularity of disposable soft- 
drink bottles, pushed the domestic use of 
glass-grade feldspar to a new high. Feld- 
spar-formulated glass is especially favorable 
for making automated-machine bottles, 
for which production figures are im- 
pressive. Beverage no  deposit-no re- 
turn’s” were less than 2 million gross in 
1960, about 8 million gross in 1965, over 
15 million gross in 1966, and almost 25 
million gross in 1967. 


DOMESTIC PRODUCTION 


Crude Feldspar.—North Carolina and 
California, leading the 12 States that pro- 


duced crude feldspar in 1967, provided 
43 percent and 15 percent, respectively of 
the total supply, and were followed in 
order by Connecticut, South Dakota, and 
Georgia, whose combined contribution 
amounted to an additional 31 percent: 
Flotation concentrate made up about 95 
percent of the North Carolina production 
and 61 percent of total domestic output, 
with hand-picked feldspar somewhat out- 
weighing, in the remaining 39 percent, 
the quantity contained in feldspar-silica 
mixtures. 

Ground Feldspar.—In 1967, feldspar 
was ground in 19 mills situated in 10 
States. North Carolina, California, Con- 
necticut, Georgia, and South Dakota, in 
that order, were the leaders in production 
of ground feldspar and, together, supplied 
89 percent of the total quantity sold by 
U. S. merchant mills in 1967. New 
Hampshire, for the second consecutive 
year, reported no production of ground 
feldspar. 


1Commodity specialist, Division of Mineral 
Studies. 
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Table 1.—Salient feldspar statistics 


1963 


1964 1965 1966 1967 
United States: 
Crude: 
Sold or used by producers. ........ long tons.. 548,954 587,194 624,598 655,452 615,397 
Ill 88 thousands 5,524 35,389 $6,268 $7,020 $7,086 
Average value per long ton $10.06 $9.18 $10.03 $10.71 $11.51 
Imports for consumption.......... long tons 68 10 IB. necs 280 
CCC thousands $2 $1 . $8 
Average value per long ton $23.29 $84.00 $95.00 ....... $28.04 
a c aa apparent .... long tons.. 549,022 587,204 624,614 655,452 615,677 
round: 
Sold by merchant millas short tons.. 598,706 646,974 664,188 708,587 663,220 
Ill thousands. $7,353 $7,644 $7,757 $8,944 $8,848 
Average value per short ton 12.28 $11.82 $11.68 $12.71 $18.83 
Imports for consumption long tons. . 8,006 8,170 3,439 3,243 2,783 
WV OIG oo ho os ee ee thousands $81 $85 $9 $86 $72 
Average value per long ton 26.88 $26.95 $26.87  À 326.52 $26.00 
World: Production thousand long tons. . 1,687 1,831 1,922 1,934 1,598 
! Measured by quantity sold or used by producers plus imports. 
Table 2.—Crude feldspar sold or used by producers in the United States 
Derivation of feldspar ! 
Hand-cobbed Flotation Feldspar-silica Total 
Year concentrate mixtures ? 
Value Value Value Value 
Long tons  (thou- Long tons (thou- Long tons (thou- Long tons (thou- 
sands sands) sands) sands) 
198388. 93, 488 3643 364, 676 $3,885 90,790 $996 548,954 $5,524 
1964.......... 88,046 804 880 , 787 8,367 118,361 1,218 587,194 , 389 
1965. 126,811 1,072 369, 585 3,974 128 , 202 1,217 624 , 598 6,263 
1966... ....... r 116,936 r 997 407 ,450 r 4,803 131,066 1,220 17655,4652 r7,020 
19 ; 108, 609 945 378,149 4, 840 128, 639 1,301 615,397 7,086 
r Revised. 


1 Partly estimated. 
2 Feldspar content. 


Table 3.—Ground feldspar sold by mer- 
chant mills 1 in the United States 


Domestic feldspar 


Mills Short Value 

tons (thou- 

sands) 

19; a 22 598 , 706 $7,353 
1964 ³³ 20 646,974 7,644 
1965. 222222222222 20 664,138 7,757 
1966. 2- ꝗr%?7ꝙ oes 19 703,587 8,944 
E T or ͤͤ eee 19 663 ,220 8,843 


! Excludes potters and others who grind for con- 
sumption in their own plants. 
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CONSUMPTION AND USES 


Crude Feldspar.—Little or no feldspar 
is used in the form of the unground mine 
product, so there is practically no true 
end use of crude feldspar. Some manu- 
facturers, however, continued their 
practice of buying small quantities of the 
unprocessed material for grinding to 
preferred specifications in their own mills. 


MINERALS YEARBOOK, 1967 


Ground Feldspar.—Of the total quan- 
tity of ground feldspar sold by U.S. mer- 
chant mills in 1967, consumption by the 
glass, pottery, and enamel industries ac- 
counted for 57 percent, 31 percent, and 
2 percent, respectively. It is worthy of 
note that the corresponding figure for 
enamel manufacturing in 1966 was 5 per- 
cent. 


Table 5.—Ground feldspar shipped from merchant mills in the United States 
(Short tons) 


Destination 1968 1964 1965 1966 1967 
Gern; teg lat cuse ce 78,164 120,804 111,174 109,126 100,235 
EDITO REND COEPERIT 49,822 73, 967 66,160 63,038 59,837 
Indiana.................................. 20,688 20,998 W W W 
FFP 88 3,775 7,052 15, 433 
Maryland... 88 11,636 W 
Massachusetts 4,231 4,407 4,787 3,980 3,539 
MISSISBIDpDI cocus es a Ee ideas: hue muu s, or bd ce 7,845 
N Ä ˙ ² VVA ⁵ ⅛ -mm ĩð2v 62, 386 58,089 57,096 71,057 W 
New York... chem addu 23, 631 22,117 26,037 w 
ODO uen LI LE 122,242 80,119 87,873 10,294 72,701 
Pennsylvania 40, 567 37, 805 30,281 30, 628 26, 188 
NA ET A hm.. ð y m; y 8 33,851 36,002 32,998 
(uoc EE w 26,183 23,269 
West VIFgIDIS.. ess cade eee 18,714 26,638 w W W 
Other destinations ) 166, 675 202,030 243,104 286,227 321,175 

M ͤĩê,é0rðꝛ⅛r&MV km EE Ed 598, 706 646,974 664, 138 703, 587 663,220 


W Withheld to avoid disclosing individual company confidential data; included with ‘‘Other destinations." 

! Includes Arkansas 1963-65, 1967; Colorado 1963-65, 1967; Connecticut 1963-65; Georgia 1963-65; Idaho 
1965; Kansas 1966; Kentucky 1963-64; Louisiana 1966-67; Michigan 1966-67; Minnesota 1966-67; Mississippi 
1966; Missouri 1966-67; New Hampshire 1966; Oklahoma 1963-64, 1967; Rhode Island 1963-64, 1967; Ten- 
nessee 1963-64; South Carolina 1963-65; Vermont 1963-65; Virginia 1966; Washington 1964, 1967; Wisconsin 
1963-67; shipments that cannot be separated by States; and shipments indicated by symbol W. Also includes 
exports to Africa 1965-67; Canada 1967; Mexico, Panama, Philippines 1963-64, 1966-67; Venezuela 1963; 


and small quantities to other countries. 


PRICES 


Average per-ton values reported to the 
Bureau of Mines in 1967 for crude feld- 
spar were substantially higher than in 
1966. Essentially unchanged prices were 
quoted for domestic aplite. 

Feldspar prices listed in the Materials 
Cost Index of the January 1968 issue of 
Ceramic Industry Magazine were as fol- 
lows, per ton: Glass-grade, $9 to $13; 
140-mesh, $18.50 to $22.50; and 200- 
mesh, $18.50 to $23.50. The average for 
the first category was substantially below 
the corresponding January 1967 quota- 
tion, but there were advances, although 
not as marked, in the other two classifica- 
tion averages. 


FOREIGN TRADE 


U.S. imports of feldspar for consumption 
in 1967 were the lowest since 1961, and 
there were no imports of crude or ground 


Cornwall stone. Data supplied to the 
Bureau of Mines by the Department of 
Commerce listed exports in the composite 
category of feldspar, leucite, nepheline, 
and nepheline syenite that were 12 per- 
cent less in quantity than in 1966. Canada, 
Mexico, and Venezuela were the principal 
recipients of the exported material. 


Table 6.—U.S. imports for consumption of 


feldspar ! 
Crude Ground 
Year Long Value Long Value 
tons  (thou- tons (thou- 
sands) sands) 
1965......... 16 $2 8,439 $92 
19666 e 3,243 86 
1967......... 280 8 2,783 72 


1 All from Canada, except 1 long ton ($1,460) 
from Republic of South Africa in 1965, 280 long tons 
($7,850) from Mexico, and 22 long tons ($767) from 
Sweden in 1967. 


FELDSPAR, NEPHELINE SYENITE, AND APLITE 


WORLD REVIEW 
Canada.—The recently completed feld- 


spar processing installation of the Golding- 
Keene Company at Cape Feldspar Quebec, 
drawing on 16 million tons of proved 
reserves, 1s said to have sufficient conveyor 
capacity to load its output of electrostatic- 
process, low-iron feldspar directly into 
seagoing vessels at the rate of 600 tons 
per hour. 


Finland.—It is estimated that about 
100,000 tons of feldspar, mostly for export, 
wil be produced annually in a plant 
recently placed in operation at Kemio. 


Japan.—Japanese industrialists at least 
partly averted the accusations of unfair 
competitii n that were provoked by the 
rising volume of their exports of tile and 
ceramic wares to the United States. 
Recognizing the dangers of the situation 
and to compensate somewhat for their 
advantageous labor-cost differential, ce- 
ramics manufacturers resolved upon a 
voluntary cutback of exports. Much of the 
feldspar thus displaced from export manu- 
facturing will be absorbed in the making 
of container glass and porcelain enameled 
major appliances for domestic buyers. 


Norway.—A new flotation plant at 
Lillesand is expected to yield 75,000 tons 
per year of exportable feldspar con- 
centrate. Present total annual production 
in Norway is about 85,000 tons. 


Pakistan.—Feldspar was one of the 
minerals of which large and potentially 
valuable deposits were found during recent 
exploration by the Geological Survey of 
Pakistan. 


Yugoslavia.—Deposits of high-quality 
feldspar described as especially promising 
were discovered in Serbia, one of the six 
federated republics of Yugoslavia. Plans 
were announced for the construction of a 
grinding plant nearby to process 20,000 
tons per year of the newly discovered 
mineral. 


TECHNOLOGY 


Progressive depletion of many of the 
higher grade pegmatitic deposits neces- 
sitates the increasing use of flotation pro- 
cesses for the extraction of feldspar from 
less favorable sources. Results of a number 
of investigations for the advancement of 
feldspar flotation technology were pub- 
lished.? Bureau of Mines scientists contri- 
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buted to the assurance of adequate feld- 
spar supplies far into the future by using 
a combination of ore-dressing and chem- 
ical techniques to demonstrate the 
feasibility of producing commercially ac- 
ceptable feldspar and quartz concentrates 
from selected granites. Applied to red 
granite from southeastern Missouri, the 
process achieved 80-percent recovery of 
feldspar in the flotation concentrate. The 
Bureau also initiated research to delineate 
the flotative action of various groups of 
dyes and surface-active organic compounds 
when they are used as additives or replace- 
ment for other reagents in the condition- 
ing and flotation of a number of non- 
metallic minerals including feldspar. 
High-quality potash feldspar is desirable 
for some purposes, notably for making the 
glass for color television picture tubes, and 
Bureau engineers made encouraging pro- 
gress in developing flotation procedures 
for the physical separation of potash and 
soda feldspars occurring together in 
natural mineral mixtures. 

The Bureau of Mines continued an in- 
vestigation of the potentialities of high- 
temperature roll forming of composite 
materials, exemplified by varying formula- 
tions of  feldspar-alumina ceramics 
laminated between thin sheets of titanium 
metal, as a step in the manufacture of 
equipment for space exploration and 
atomic energy applications. À report was 
issued covering some aspects of this re- 
search.? 

Choice of a new grinding medium, 1- 
inch-diameter cylinders of high-density 
alumina in place of the flint pebbles pre- 
viously used in the mills of a leading 
feldspar supplier, resulted in “a better 
product in greater quantities at lower 
costs. 


2 Joy, A. S., R. Manser, K. Lloyd, and D. 
Watson. Flotation of Silicates: Adsorption , of 
Ions on Feldspar in Relation to Its Flotation 
Response. Trans, Inst. Min. and Met. (Lon- 
don), v. 75, No. 712, March 1966, pp. C81-C86. 

Smith, R. W. Activation of Beryl and Feld- 
spars by Fluorides in Cationic Collector Sys- 
tems: Discussion. Trans. Soc. Min. Eng. (Lon- 
don), v. 235, No. 2, June 1966, pp. 149—150. 

Suliin, D. B., and R. W. Smith. Hallimond 
Tube Investigation of Fluoride Activation of 
Beryl and Feldspar in Cationic Collector Sys- 
tems. Trans. Inst. Min. and Met. (London), v. 
75, No. 721, December 1966, pp. C333-C3836. 

3 Harris, Henry M., John E. Kelley, Paul H. 
Sunset, and Hal J. Kelly. Hot Rolling of Oxide- 
Glass Compositions. BuMines Rept. of Inv. 6967, 
1967, 41 pp. 

4 Willis, Thurman, and P. C. Coleta. Grind- 
ing Cylinders Increase Production at Feldspar 
Corp. Plants. Pit and Quarry, v. 59, No. 1, 
July 1966, pp. 219-220. 
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Table 7.—World production of feldspar, by countries ! 2 


(Long tons) 
Country 1963 1964 1965 1966 1967 » 
North America: 
Canada (shipment) 7,686 8,169 9,736 r 9,754 9,424 
United States (sold or used) 548 , 954 587,194 624,598 r 655,452 615,397 
South America: 
Argentina 12, 599 9,127 r 20,962 r 19,192 NA 
/ ĩ u asia E 41 814 r 517 r 1,174 NA 
Colomhig -.-------------------- r 12,803 r 11,426 r 10,629 r 18,779 NA 
Peru. ol mut ss Š 217 837 926 470 NA 
Uruguay _ 282 883 1,227 r 1,722 NA 
Europe: 
Ar ⁵ 8 2, 077 1, 603 1,397 1,507 2, 441 
inland u: 2 2 / 88 r 12, 677 r 14, 665 11, 685 r 25,901 e 385,000 
Fiese 170, 764 193, 260 217, 649 e 200,000 
Germany, West ---.------------ 273, 665 299 , 990 313,281 r 285, 797 293, 195 
Walas E a eh D ae ee = 100 , 487 109,852 90,803 r 135,941 145,138 
Norewax ---------------------- r 76,105 r 70,023 r 62,986 r 86,748 e 85,000 
ST WEE r 26,278 e 26,300 e 26,300 er 28,000 N 
Portugal- ---_-.---------------- 396 10,994 8,165 r 1,603 NA 
Signs. eee r 12,477 16,466 r 25,166 NA NA 
Sweden 44, 920 50, 959 r 46,205 r 36,613 e 40,000 
USS TK os es ee ee eee r 205, 000 r 215,000 r 225,000 r 235,000 235,000 
Vugos lava 29,41 33,260 55,052 r 40,914 * 42,000 
Africa: 
Angoli 222-0022 54005 796 %7/;1.ĩ 1 Bene mile ter Ne 
EHL[IOB —— hs nr ee tee cs e 4901 e 9,800 ...........- r 1,526 NA 
HM EE J 
ENER unuy un ire oue. aqa d y h uU Loud No DELLI 161 NA 
Malagasy Republic............. (4) 1 O Mateos T mD S as 
Moszambioue h. aU ete. oi eee 
Rhodesia, Southern er 170 A 
South Africa, Republic of 41,372 85,525 41,636 33,996 e 25,000 
South-West Africa, Territory of 2,197 1,89 2,28 1,178 
ee United Arab Republic 4,653 e 4,000 9,444 NA 
sia: 
Cevlon- toon 8 109 1 4 605 412 252 
Hong Kong 1,680 1,556 1,119 1,343 1,135 
aa OT. EE Su ete sete: r 21,829 23 , 997 r 26,848 25,593 NA 
Japan EE 58 , 339 61,445 57,245 r 50,845 52,667 
Korea, Sou tn 11,392 13, 468 15,595 15,053 16,551 
Pakistans 1,220 AN. uen rca Ee NA 
Philippines 6, 564 7,924 12, 095 8,479 NA 
Oceania: Australia. ................. 8,842 9,012 r 8,726 r 7,260 NA 
/ A uuu u mayus r 1,686,547 *1,830,641 71,922,158 1,933,857 1,598,195 


p Preliminary. r Revised. e Estimate. 


NA Not available. 


1 Feldspar is produced in Brazil, China, Czechoslovakia, and Rumania, but data are not available. 


* Compiled mostly from data available April 1968. 


3 Includes pegmatite. 
4 Le unit. 


s In addition, the following quantitites of aplite and other feldspathic rock were produced; 1963, 211,814 
tons; 1964, 258,510 tons; 1965, 281,759 tons; 1966, 1 295,294 tons; 1967, 322,361 tons. 
6 Total is of listed figures only; no undisclosed data included. 


Improvement of a product and a 
simultaneous solution to a_ troublesome 
disposal problem were achieved in North 
Carolina when it was found that feldspar- 
bearing mill wastes could be used to 
advantage in raw material batches for the 
making of brick instead of being dis- 
charged as hitherto into overburdened 
mountain streams.* 

Benefits continued to flow from active 
research by a number of academic and 
commercial organizations, in diverse 
phases of glass manufacturing, the in- 
dustry that provides an outlet for more 
than half the domestic supply of feldspar. 


Through technological advances and with 
no attendant loss of strength, the unit 
weight of most glass containers has been 
reduced since 1930 by as much as one- 
third, and further weight reduction is 
foreseen. Decorating machines can now 
apply as many as three ceramic colors at 
a time to glass bottles at the rate of 125 
units per minute, and a process was 
devised to color bottles economically even 
in small batches. Three years of research 
led to the limited-scale start of com- 


5 Thomas, David W. Feldspathic Materials 
Lower Firing ‘Temperatures. Brick & Clay 
Record, v. 149, No. 2, August 1966, pp. 46-49, 
59. 


FELDSPAR, NEPHELINE SYENITE, AND APLITE 


mercial production of tires that are ex- 
pected to be superior in strength and 
durability because they are fortified, in 
place of the customary rayon or nylon, 
with heat-dissipating cords of fiber glass. 
In an assessment of the suitability of glass 
for the construction of deeply submerged 
life support structures, hollow spheres of 
that material, even though purposely 
scored beforehand with severe and exten- 
sive scratches, survived undamaged the 
application of pressures equivalent to 
those encountered in the great depths of 
the sea. The conclusion was that scratches, 
although causing failure under tension, do 
not materially detract from the ability 
of glass to withstand compression. 
Feldspar-based porcelain enamels, even 
though known and in use since the days 
of ancient Egypt, are still being actively 
studied and continually improved with 
respect to economy and performance. A 
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2-year program of research was initiated 
to assemble data on the rheological 
characteristics of porcelain enamel slips. 
This work, sponsored by 10 leading pro- 
ducers and users of porcelain enamel frits, 
is expected to lead to development of 
precise control tests and superior formula- 
tions for use by the enamel industry.“ 
Two journal articles dealt with newly 
developed one-coat enamels which, when 
applied to specially prepared steel panels, 
yielded products that were cheaper and 
better than those made by the older two- 
coat processes even though fired at ad- 
vantageously lower temperatures.’ À per- 
manent display, donated by the Porcelain 
Enamel Institute to the Smithsonian In- 
stitution for the Washington, D. C, 
Museum of History and Technology, 
illustrates the origins, evolution, and 
techniques of the enamel-on-metals in- 
dustry. 


NEPHELINE SYENITE 


Nepheline syenite is a rock product 
consisting essentially of the alkali 
aluminum-silicate minerals, nepheline and 
feldspar, that is used in the production of 
glass and ceramics. In 1967, the U.S. 
demand for glass- and ceramics-grade 
nepheline syenite was met entirely by 
imports from Canada, 1 percent more in 
quantity than during 1966, the previous 
record year, and 8 percent more in total 
value. In 1966, the last year for which 
final figures have appeared, Canada pro- 
duced about 366,000 tons of this material 
valued at more than $4 million. Exports 


Canadian glass-grade nepheline syenite 
was quoted in 1966 at $10 per short ton 
in bulk, f.o.b. plant. The prices mentioned 
in Canadian Chemical Processing, October 
1966, for carload lots of bagged material 
were $11.50 to $28.50 per short ton. 
Ceramic Industry Magazine, January 1968, 
quoted 1967 U.S. prices at $19.50 per 
ton, high, and $7.50 per ton, low, pre- 
sumably for imported Canadian material. 


Table 8.—U.S. imports for consumption of 
nepheline syenite 


to the United States during that year Crude Ground 

amounted to about 66 percent of the Year Long Value Long Value 
tonnage produced and to about 68 percent tons (thou- tons thou- 
of the total value. According to a pre- sands) sands) 
liminary estimate, the Canadian output of 1965______ 111 $2 216,860 $2,442 
nepheline syenite in 1967 was approxi- 1966 205 8 253,230 2,871 
mately 406,000 tons. 1967... - -- * 256.887 9191 

APLITE 


Aplite is a rock product which contains 
a high proportion of plagioclase feldspar 
and is used principally in the manufacture 
of amber glass. Total 1967 production 
was slightly less, in terms of both tons and 
dollars, than that of 1966, but specific 
production figures are withheld to avoid 
disclosure of individual company con- 
fidential data. International Minerals & 


Chemical Corp., from operations in Nelson 
County, Va., and M & T Chemical Inc., 


6 American Ceramic Society Bulletin. Porce- 
lain Enamel Study Begins at Battelle. V. 465, 
No. 11, Nov. 7, 1966, p. 1034. 

7 Allen, Alfred C. Less Than 5% Defects 
With Direct-On. Ceram. Ind., v. 87, No. 2, 
August 1966, pp. 46-48. 

Mock, John A. Lower Cost Porcelain En- 
amels. Mat. in Design Eng., v. 63, No. 6, June 
1966, pp. 96-98, 
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Hanover County, Va., were the only $7.30 per ton, high, and $5 per ton, low, 
domestic producers of glass-grade aplite in both somewhat under the corresponding 
1967. Aplite prices published in Ceramic quotations of January 1967. 

Industry Magazine, January 1968, were 


Ferroalloys 


By John L. Morning ' 


Ferroalloy consumption decreased in 
1967, owing primarily to the decrease in 
steel production. In 1966 and 1967 the 
major technological trend was toward 
larger furnace size, improved material 
handling, and new techniques in solidify- 
ing molten alloys. Foreign trade in ferro- 
alloys dropped sharply in 1967 after show- 
ing increases each year since 1962. While 


the value of exports reached the highest 
level on record, the United States re- 
mained a net importer of ferroalloys in 
1967. 

Detailed information concerning the 
more important ferroalloys may be found 
in the commodity chapters for individual 
alloying elements. 


Table 1.—Government inventory of ferroalloys (stockpile grade), December 31, 1967 
. (Short tons) 


Alloy 


Ferrochromium: 


Ferrocolumbium (contained columbium) 
Ferromanganese: 

High-carbon 

Medium-carbon 
Ferromolybdenum (contained molybdenum) 
Ferrotungsten (contained tungsten) 
Ferrovanadium (contained vanadium) 


mm w em — gp — — e gem —2— wees ——L— em ---:-: em Oe o em wn e 
= A- 4 om c me emp e a o eg em ep a» «b om ep s — e "P ep Ub oc a» em gn A em A o = 


Ferrochrornioum-ailieon. . . ..... 2 c ccc LL. -- 


-— — < cm < gp s ° em c e s. — C e ° am eg e gn es s. op gem em "WD UD v a QD em = 
C æ e wm em em eg s om d wm ep —— o em es 8 em de —— = 
— a ep e vm wea @ 
we em — ep m a — 2 em @ a en 


National CCC and 
(strategic) supplemental Total 

stockpile stockpile 
"TR 126,181 273,477 399, 658 
5 127, 788 191, 155 318,898 
AA Sas SI 25, 82,716 58,860 
JFC C-wBL — 21. 461 
F 142, 739 1,088,314 1,176,058 
. „700 Beet 29,700 
e 49 3 349 
5 751 5 751 
3 1.200 eS 1,200 


DOMESTIC PRODUCTION 


In 1967, 29 producers reported produc- 
tion of about 2.7 million tons of ferro- 
alloys, a slight decrease compared with 
that of 1966. Although production re- 
mained at about the same level, ship- 
ments of ferroalloys decreased almost 10 
percent, reflecting the decrease in steel 
production. 

Ferroalloys were produced in 17 States. 
Ohio and Pennsylvania accounted for more 
than half of the total tonnage. Produc- 
tion was also reported from Alabama, 
Florida, Idaho, Iowa, Kentucky, Montana, 
New York, New Jersey, Oregon, South 
Carolina, Tennessee, Texas, Virginia, 
Washington, and West Virginia. 

Most of the ferroalloys were produced 
in electric furnaces. Although ferroman- 
ganese and silvery pig iron were produced 


in both electric and blast furnaces, blast 
furnaces produced a greater tonnage. 
Minor ferroalloys were produced by 
aluminothermic methods. 

Ferroalloy production by Union Car- 
bide Corp. was curtailed by strikes at 
four of its six electric furnace plants in 
1966 and early 1967. The plants at 
Ashtabula and Marietta, Ohio, and 
Portland, Oreg., were struck late in 
August and the Alloy, W. Va., plant was 
closed early in July. Labor problems were 
resolved by February 1967 with new 2- 
to 3-year contracts. Plants were operated 
by supervisory personnel during the con- 
tract negotiation period. Despite the labor 
troubles, Union Carbide reported that 
customers were supplied at normal rates. 


1 Commodity specialist, Division of Mineral 
Studies. 
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As part of a 3-year modernization pro- 
gram, Union Carbide Corp. placed in 
operation a new, rotating hearth electric 
furnace at its Alloy, W. Va., plant. The 
annual capacity was estimated at 26,400 
tons of ferrochromium-silicon, but the 
capacity will vary with product mix and 
grade. 

A new 34,000-kilovolt-ampere rotating 
hearth furnace at the Ohio Ferro Alloys 
Corp. plant at Powhatan Point, Ohio, 
was placed on stream in 1966, bringing 
to four the number of furnaces for the 
production of silicon metal and high- 
silicon alloys. At the Philo, Ohio, plant, 
a 60,000-kilovolt-ampere rotating hearth 
furnace was under construction. 

Pittsburgh Metallurgical Co., a division 
of Air Reduction Co., Inc., became the 
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Airco Alloys Division in 1967; the name 
was later changed to Airco Alloys and 
Carbide Division. A new furnace planned 
for the firm’s Charleston, S. C., plant 
was scheduled for completion in 1968. 

Interlake Steel Corp. added to its ferro- 
alloy production capacity with the installa- 
tion of a sixth furnace in 1966 and a 
seventh in 1967. 

Kawecki Chemical Co. started up a 
plant at Wenatchee, Wash., that was said 
to be the world’s largest aluminum-base, 
master alloy facility. The concern planned 
to produce its regular line of grain-refin- 
ing alloys, as well as new alloy addition 


agents such as  manganese-aluminum, 
chromium-aluminum, and silicon-alumi- 
num. 


Table 2.—Ferroalloys produced and shipped from furnaces in the United States 


1966 1967 
Production Shipments Production Shipments 
Alloy Alloy 
ele- ele- 
Gross ment Gross Value Gross ment Gross Value 
Alloy weight con- weight (thou- weight con- weight (thou- 
(short tained (short sands) (short tained (short sands) 
tons) (aver- tons) tons) (aver- tons) 
age age 
per- per- 
cent) cent) 
Ferromanganese: ! 
Blast furnace 651,987 78.7 651,678 389,285 667,655 78.0 609,182 $82,408 
Electric furnace 2. 1295, 223 * 78.2 834,040 56,569 273,272 78.4 261,599 45, 954 
Total r 947,210 7 78.5 985,718 145,854 940,927 78.2 870,781 128,362 
Silicomanganese.. ...... 253,184 65.9 281,925 41, 120 245,798 65.9 289,726 38, 196 
Ferrosili eon - 575,689 52,2 547,567 93,318 673,535 56.6 603,415 102,010 
Silvery iron 255,064 14.6 246,240 19,154 219,868 15.1 210,342 16,489 
Chromium alloys: m 
Ferrochromium . 309,786 * 67.8 309,110 86, 033 323,431 67.6 299,883 81,978 
Other chromium 
alloys 44. 134,039 * 39.0 106,686 22,332 122,706 42.5 92,890 23, 010 
Total! 443,825 58.8 415,796 108,365 446,137 60.7 392,228 104,988 
Ferrotitanium...... ine 5,526 28.4 4,854 3,838 9,116 25.2 3,704 2,417 
Ferrophosphor us 131,533 24.4 125,053 6,360 123,510 24.5 106,987 6,091 
Ferrocolumbium and 
ferrotantalum 
columbium.......... 3,341 54.8 3,229 8,853 1,792 54.7 1,720 6,678 
Other EE 98,461 37.7 87,584 77,188 94,822 36.0 78,824 59,407 
Grand total... . 2, 713,783 57.5 2,697,966 508,550 2,749,505 59.5 2,507,722 464,588 
e Revised. 


1 Includes briquets. 
* Includes fused-salt electrolytic. 


3 Includes low- and high-carbon ferrochromium and chromium briquets. 

4 Includes ferrochrome silicon, exothermic chromium additives, and other chromium alloys. 

š Includes Alaifer, ferroboron, ferronickel, ferromolybdenum, ferrotungsten, ferrovanadium, siminal spie- 
geleisen, zirconium-ferrosilicon, ferrosilicon-zirconium, and other miscellaneous ferroalloys. 
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Table 3.—Producers of ferroalloys in the United States in 1967 


Producer Plant location Product 1 Type of furnace 
Agrico Chemical Coo Pierce, Fla LN EE Electric. 
Air Reduction Co., Inc., Calvert City, Ky..... 
Airco Alloys Division. ? 3 FeCr, Fe Mn. FeSi, Si Mn, Do 
33 NETS ET -l, Charleston, S. CCC FeCrSi 
EE Niagara Falls, N.Y... 
Bethlehem Steel Co Bethlehem, fa CCC Blast. 
Calumet & Hecla Ine Selma, Ala 7ôö»Ä˙ð— m lee Electric. 
Chromium Mining and Woodstock, Tenn..... FeMn, SiMn, FeSi, FeCr, Do. 
Smelting Co. FeCrSi. . 
Climax Molybdenum Co. ..... Langeloth, Pa........ FeMo.............-.-.-..- Aluminothermic. 
55 Corp, Mineral Products Pocatello, Idaho % ke oe tec een Se Electric. 
ivision. 
Foote Mineral Co))... Cambridge, Ohio dest FeCb, FeTi, FeV, Do. 
other 5. 
Y cuc eee ees Graham, W. Va FeCr, FeCrSi, Fe Mn, FeSi, Do. 
SiMn, other 5. 
PY hte A k Vancoram, Ohio FeCr, FeCrSi, Fe Mn, FeSi, Do. 
FeV, SiMn, FeCb, other 5. 

DOS. -w oho eve Keokuk, Idaho FeSi, silvery iron Do. 

PC as SE Wenatchee, Wash.... FeS! iii Do. 
The Hanna Furnace Corp Buffalo, N.Y......... Silvery iron Blast. 
Hooker Chemical Corp Columbia, Tenn GCC aa RE IL Electric. 
Interlake Steel Cord Beverly, Ohio FeCr, FeSi, SiMn.......... Do. 
Jackson Iron & Steel Co Jackson, Ohio Silvery iron Blast. 
Kawecki Chemical Co Easton, Pa.......... OCD ecole etate Aluminothermic. 
E J Lavino & Coo Lynchburg, Va FeMn ..- . . . Blast. 

E EEN Sheridan, Pa......... %% ³ A e Lr o. 
Manganese Chemicals Corp.. Kingwood, W. Va. Fe n!: Electric. 
Mobil Chemical Co. Industrial Charleston, S. C. FeP u ae tats erent ea E Do. 

Chemicals Division. 

EIER u ety aes eat ree Mt. Pleasant, Tenn... 44%ͤ .... Do. 

/ 8 Nichols, Fla 4004970 wees Do. 
Molybdenum Corporation of Washington, Pa...... Fe Moo Eleetrie and 

America. aluminothermie. 
Monsanto COo . Columbia, Tenn FH! A Electric. 

/§§ö»; ͥ¹ꝛ ⁊ ve ge uns Soda Springs, Idaho. . TEEN Do. 
National Lead Coo Niagara Falls, N.Y... FeCbTi, Fe Ti. other 5. Do. 
The New Jersey Zinc Co Palmerton, Pa....... SO fee m ur EE Do. 
Ohio Ferro-Alloy Corp Brilliant, Ohio FeCr, FeSi, Si, FeCrSi. ..... Do. 

P 232 EE Philo, Ohio. ......... FeB, FeMn, FeSi, SiMn, Si.. Do. 

77 ÜÜi¹i el c UC Powhatan, Ohio FeSi, Bini ³ AA Loi de. Do. 

PPP do Seo e Tacoma, Wash....... FeCr, FeSi `- -----.-----2- Do. 
Reading Allovng Robesonia, Pa....... d e FeV, NiCb, Aluminothermic. 

eMo. 
Shieldalloy Corp Newfield, N.J........ FeV, FeTi, FeB, FeMo, Do. 
FeCb, FeCbTa, other *. 
Stauffer Chemical Co......... Mt Pleasant, Tenn... Feb 2a. 222a Electric. 

WO rected p lec teu Silver Bow, Mont. Ge qO QD. Ice k na sess Do. 

DO se me ee Tarpon Springs, Fla ½%]§ö‚ö; Bees 88 Do. 
Tennessee Valley Authority.... Muscle Shoals, Ala... Fe Do. 
Do Alloy Chemical Houston, Tex FeMn, Si Mun Do. 

orp. 

Union Carbide Corp, Mining Alloy, W. Va. 3 
& Metals Division. 

E 25:22 ͤ A Ashtabula, Ohio | FeB, FeCr, FeCrSi, FeCb, Do. 

Do Marietta, Ohio FeSi, Fe Mn, Fe Ti, Fe W. 

Do: eoa a Niagara Falls, N. v.. FeV, SiMn, other 5. 

«%; (88 Portland, Or eg 

Dö ⁵ͤke d Rockwood, Tenn 

RI [o e Re Sheffield, Ala 
alte’ ates Steel Corp Birmingham, Ala OM Eege Blast. 

ER Duquesne, Pa (IO. e Turu usay EEN Do. 

De EE Clairton, Pa. | ` ` a EE Do. 

Woodward Iron Co........... Woodward, Ala NEE Electric. 


! FeB, ferroboron; FeCbTi, ferrocarbontitanium; FeCr, ferrochromium; FeCrSi, ferrochromium-silicon; 
FeCb, ferrocolumbium; FeCbTa, ferrocolumbium-tantalum; FeMn, ferromanganese; FeMo, ferromolybdenum; 
FeNi, ferronickel; FeP, ferrophosphorus; FeSi, ferrosilicon; FeTi, ferrotitanium; FeW, ferrotungsten; FeV, 
ferrovanadium; N den nickel columbium; Si, silicon metal; Si Mn, silicomanganese; Spin, 'spiegeleisen. 

? Formerly Pittsburgh Metallurgical Co. 

3 Not designated by plant. 

‘Formerly Keokuk Electro-Metals Co. and Vanadium Corporation of America. 

; 5 t Alsifer, simanal, zirconium alloys, ferrosilicon boron, aluminum silicon alloys, and miscellaneous 
erroalloys. 
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CONSUMPTION 


Consumption of ferroalloys as additives 
and contained alloying elements decreased 
significantly compared with the 1966 
figures, owing primarily to the 5-percent 
decrease in total steel production. A 
change in the format of consumption data 
placed ferrochromium (including other 
ferrochromium alloys and chromium 
metal) in the additive table owing to lack 


of reporting of chromium content by 
respondents. 

Approximately 70 percent of the total 
ferroalloy demand was consumed by the 
steel industry, and 15 percent by foundries. 
The remainder was consumed in a wide 
range of uses including that unspecified 
by respondents. 


Table 4.—Consumption by end uses of ferroalloys as additives in the United States in 1967 
(Short tons) 


Stainless Other Carbon Tool Grayand Other 
Alloy steels alloy steels steels malleable uses 2 Total 
steels 1 iron 
castings 
Ferromanganese 32.___ .. ........ 10,249 172,966 710,908 3,722 26,962 185,810 1,060,617 
Silicomangan ese „791 „8 105, 468 865 1,921 17,060 69,905 
Silicon alloy 18,159 84,218 145,925 4,624 309, 824 143,718 705, 963 
Ferrotteanium 41 590 1,62 16 521 8,178 
ppo ee 18 2,271 9,506 ...... 730 21,030 88,555 
Ferroboron 6 48 212 ³; 8 40 314 
Ferrochromium z 247,830 68,928 9,059 5,730 5,474 36.148 367, 669 
HN DEEN 285,967 348,816 982,707 14,944 344,485 354,327 2,381,196 


1 Includes steel mill rolls. 
2 Includes unspecified. 


3 Includes npiegeleisen, manganese metal, and briquets. 
* Includes silicon metal and silvery iron. 
s Includes other chromium ferroalloys and chromium metal. 


Table 5.—Consumption by end uses of er as alloying elements in the United States 
in 1 


(Short tons of contained elements) 


Gra 
an High 
Stainless Other Carbon High Other malle- temp- Other 
steels alloy steels speed tool able era- uses? Total 
steel 1 steels steels? iron ture 

castings alloys 
Ferromolybdenum ----- 941 774 154 441 130 1,800 8838 1,044 5,167 
Ferrotungs ten (5) 6 231 ae 397 84 5 56 69 842 
Ferrovanadium :_._ 35 2,117 823 421 236 83 47 1,268 4, 975 
Ferrocolumbium................ 200 699 246 n 267 150 1,566 
Ferrotantalum-columbium. ...... 18.  ^— | o aiuda 33 1 9 29 
Total... A Susa 1,194 3,822 1,228 1,262 451 1,888 754 2,585 12,579 


1 Includes steel mill rolls. 
2 Includes hot-work and die-steels. 
3 Includes unspecified. 


* Includes calcium molybdate and molybdenum silicide. 


5 Included with “other alloy steels.“ 


* Includes stainless steels, steel mill rolls, and other alloy steels. 
7 Includes other vanadium-carbon-iron-ferroalloys, and quantitites used in other tool steels not specified, 


and high-speed. 
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STOCKS 
Producer ferroalloy stocks increased increase in stocks of manganese ferro- 


substantially, owing to a decrease in steel 
production. The largest increase was in 
the high-volume products, namely, man- 
ganese, chromium, and silicon ferroalloys. 
Consumer ferroalloy stocks increased 4 
percent, owing principally to a substantial 


alloys. 

In addition to producer and consumer 
stocks, large inventories of  ferroalloys 
were stored in various Government stock- 
pile programs. 


Table 6.—Stocks of ferroalloys held by producers and consumers in the United States, 
December 31 


(Short tons) 


Producer Consumer 
Alloy 1966, 1967, 1966, 1967, 
gross gross gross gross 
weight weight weight weight 
Manganese ferroalloys aa aana 123,982 215,427 154,821 177,532 
Silicon alloys z 88,482 145,175 81,910 65, 805 
Ferrochromium 3... ...... 22 L2 LLL LLL LLL eee 40 , 496 123,754 37, 375 37,154 
Ferrotitaniu mm l... A EN AN AN e . 1,517 1,303 741 664 
Ferrophosphoru8sS- -----.--.--------2---22--2-m---- 50,091 61,365 5,401 8,707 
FÄ Ze 154 201 75 51 
d'V u eo ete a es os u. JL uum u 804,722 547,225 279,828 289,918 
1966, 1967, 1966, 1967, 
contained contained contained contained 
element element element element 
Ferromolybdenum UU PmFl. lll! . l... lll ll... W W 1,491 5,137 
Ferrotungesten. ee w W 242 1,259 
Ferrovangadium. „ W 409 1,698 1,190 
Ferroeolumbiu : 2 2L c 22222 LLL 2222222222 280 260 400 341 
Ferrotapntalum-eolumbium LL Lll. llll W W 7 11 
Total eeaeee kaana e n a ENIM LE 848 1,020 8,833 7,938 


W Withheld to avoid disclosing individual company confidential data. 

! Includes ferromanganese, silicomanganese, spiegeleisen, manganese metal and briquets. 

2 cp ferrosilicon, silvery iron, and miscellaneous silicon alloys. Consumers stocks also include silicon 
metal. 

3 Includes other chromium ferroalloys and chromium metal. 

4 Includes calcium molybdate and molybdenum silicide. 


PRICES 


Ferroalloy prices fluctuate according to 
supply and demand, import price, tech- 
nologic change, and ore price. Quoted 
prices for the high-volume ferroalloys, 
such as standard ferromanganese and low- 
and high-carbon  ferrochromium, re- 
mained unchanged in 1966 and 1967. 
However, chromium alloy producers 
selectively increased the price of some 
products early in 1967. Likewise, there 
was some price movement for particular 
manganese products in both years. 


FOREIGN 


Foreign trade in ferroalloys dropped 
sharply in 1967 after showing increases 
each year since 1962. However, the value 
of ferroalloy exports increased to the 
highest level on record despite a reduc- 


During 1967, alloy producers made 
several alterations in size groupings of 
the various ferroalloys. By eliminating 
premium prices for certain sizes, those 
alloys affected were sold at a reduced cost. 

The quoted prices for low-carbon ferro- 
titanium (25 to 40 percent Ti) and ferro- 
tungsten remained unchanged during 
1966 and 1967, at $1.35 and $3 nominal 
per pound, respectively. Ferromolybdenum 
was priced at $2.04 per pound in 1966 
and $2.11 per pound in 1967. 


TRADE 


tion in quantity of shipments. The largest 
increase compared with those of 1966 
showed in exports of ferrochromium, fer- 
rosilicon, and ferroalloys, not elsewhere 
classified. Shipments of ferrochromium 
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returned to normal as labor problems of 
the major producer were settled. Ferro- 
silicon shipments more than doubled 
those of 1966, but were only 34 percent 
of those of the record year of 1961. 
Canada, Mexico, and West Germany were 
the main recipients of ferroalloy ship- 
ments. 

Imports for consumption of ferroalloys, 
in both quantity and value, decreased 
sharply compared with those of 1966. 
Settlement of labor problems of the major 
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electric furnace producer and reduced 
activity of government barter programs 
accounted for the decline. The largest 
decreases occurred in high-carbon ferro- 
chromium, high-carbon ferromanganese, 
and ferronickel, while significant decreases 
occurred for chromium metal and low- 
carbon ferrochromium. Only low-carbon 
ferromanganese and molybdenum products 
increased in value. The United States 
remained a net importer for most ferro- 
alloys in 1967. 


Table 7.— U.S. exports of ferroalloys 


1965 1966 1967 
Alloys — — — — — — 
Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
Ferrocerium and al!loys............... 27 $221 31 3209 71 $308 
Ferrochromium..................... 12,002 3,021 7,647 1,870 18 , 458 8,479 
Ferromanganese . 3,273 727 545 228 1,861 760 
Ferromolybdenum................... 1,115 4,983 1,100 4,085 767 2,486 
Ferrophosphorus. ................... 179,910 2,914 62, 942 2, 975 22, 901 847 
Ferrosilicſoů nn 4, 585 1,755 5,812 2,004 11,774 8,228 
Ferrovanadium....... .......-.....- 220 747 482 2,209 351 1,398 
Ferroalloys nee 22... ....- 8,444 3,173 7,901 2,381 7,976 5,757 
Total 25224 ete oot 109,576 17,541 85,860 15,961 59,154 18,208 
Table 8.—U.S. imports for consumption of ferroalloys and ferroalloy metals 
1966 1967 
Alloy Gross Content Value Gross Content Value 
weight (short  (thou- weight (short  (thou- 
(short tons) sands) (short tons) sands) 
tons) tons) 
Chromium metal_____ 2... 2,487 (1) $3,739 1,246 (1) $1,889 
Ferrocerium and other cerium alloys.......... (2) 65 (2) (!) (*) 
Ferrochrome and ferrochromium— 
Containing 3 percent or more earbon 23,883 15,850 3,836 8,513 5,646 1,850 
Containing less than 3 percent carbon. 74,111 50,399 18,740 48,969 32,827 12,408 
Ferromanganese— 
Containing not over 1 percent earbon 4,614 3,750 1,254 5,106 4,497 2,102 
Containing over 1 and less than 4 percent 
h EE desc c ene 23, 203 18,554 4,540 21,669 17,817 4,298 
Containing not less than 4 percent carbon.. 224,155 172,259 23,661 189,004 145,234 19,708 
Ferromolybdenum, molybdenum metal, com- 

pounds, alloys and scrap (molybdenum con- 

11! eas uiui ede 8 347 188 1,394 1,175 690 2,485 
oe 2aaaaaaenaMMaMMMMMMMM M 11,898 (1) 4,519 2,600 (!) 1,110 
Ferrophosphorus. ..........:-...-. 22.2 ..l.. 130 (1: 1007 ee geen wücssedewue Gow seek 
Perrosilieon. 2. 2 22222-2222... 30,405 13,133 4,610 30,838 15,887 4,456 
Ferrosilicon chromium. ....................... 2,252 (1) J ö) 
Ferrosilicon manganese (manganese content)... 35,771 24,046 4,168 34,986 28,416 4,106 
Ferrotitanium and ferrosilicon titanium 8 (1) 2 15 (!) 85 
Ferrotungsten and ferrosilicon tungsten. ....... 236 190 696- sls x.. hee RR. EE 
Ferrovangsdium mm I 10 ON 40 8 (2) 37 
Rerroszireonium. 2. --22l llc ll. lll 469 (1) 185 726 (1) 260 
Manganese metal............................ 2,020 (1) 837 2,337 (!) 919 
Tungsten alloys (unwrought) and scrap (tung- 

sten eonten )) 39 12 57 (2) (2) 2 
Tungsten metal (lump, grains, or powder) and 

tungsten carbide (tungsten content)......... AN 26 170 (!) 5 63 
Tungstic acid and other alloys of tungsten not 

specifically provided for (tungsten content) 161 100 354 31 22 260 
Ferroalloys, not elsewhere elassifi ec 781 AN 2,352 509 (5 1,143 


1 Not recorded. 
3 Leas than 1⁄4 unit. 
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WORLD REVIEW 


Australia. —The Tasmanian Electro 
Metallurgical Co. Pty. Ltd. (Temco), a 
subsidiary of Broken Hill Pty. Ltd., 
doubled its production capacity for high- 
carbon ferromanganese to cope with new 
supplies of manganese ore from Groote 
Eylandt, Northern Australia. In October 
1966 a second rotating-hearth furnace, 
rated at 16,000 kilovolt-amperes went on 
stream at the plant in Bell Bay, Tasmania. 
Production was boosted to 75,000 tons per 
year, and since domestic steel require- 
ments were 40,000 tons per year, Australia 
changed from a net importer of ferroalloys 
to a net exporter. 


Brazil.—The Companhia de Ferro Ligas 
da Bahia, a ferrochrome producer, became 
associated with a new enterprise, Termo- 
Ligas Metalurgicas S. A. The new com- 
pany was to undertake the production of 
ferromolybdenum,  ferrotungsten,  ferro- 
vanadium, ferrocolumbium, ferrotitanium, 
and metallic chromium and manganese in 
northeastern Brazil. 


Canada.—In June 1966, Union Carbide 
Canada Ltd. acquired a majority interest 
in two companies: Smelter Power Cor- 
poration, which has a hydroelectric gene- 
rating plant at Chicoutimi, Quebec, and 
Chicoutimi Silicon Ltd., which will sup- 
ply ferrosilicon to worldwide markets. 

Masterloy Products Ltd., a subsidiary 
of Geo-Met Reactors Ltd., opened a new 
10 ton per day thermic plant in Ottawa 
to produce ferrocolumbium, ferromolyb- 
denum, ferrotungsten, ferrovanadium, and 
other alloys. 


Dominican Republic.—Falconbridge 
Dominicana, a subsidiary of Falconbridge 
Nickel Mines, Ltd., Canada, continued 
to ship experimental quantities of ferro- 
nickel to its Canadian plant. The concern 
operated two pilot plants during the year 
and planned to construct a full-scale plant 
by 1971. The planned production capacity 
was projected at 50,000 tons of nickel an- 
nually. 


France.—A merger of the French fer- 
roalloy producers, Ugine, Kuhlmann, and 
Sté. Produits Azotes (SPA), agreed to in 
June 1966, will form the second largest 
chemical concern in France. Ugine is 
dominant in ferrochrome and refined fer- 
romanganese production, SPA is a large 
producer of ferrosilicon, and Kuhlmann 


produces ferrochrome, ferromolybdenum, 
ferrocolumbium, ferrotungsten, and fer- 
rovanadium. 


Greece.—The new ferronickel plant of 
Société Miniére et Metallurgique de 
Larymna Larco S. A. began operating in 
April 1966. The quality of the initial 
product exceeded the expectation of the 
owners, Sté. Le Nickel and the Hellenic 
Chemical Products & Fertilizer Co. An- 
nual production capacity of ferronickel 
wil be 4,000 tons; the annual value of 
ferronickel exports is expected to be $12 
million. 


India.—In 1966, Mysore Iron and Steel 
Works Ltd. switched one ferrosilicon 
furnace to the production of refined, low- 
carbon ferromanganese. The company also 
considered exporting ferrosilicon since pro- 
duction capacity was greater than domestic 
consumption. À second ferrosilicon pro- 
ducer, Indian Metals and Ferro Alloys 
Ltd., initiated operation of a new ferro- 
silicon plant in May 1967. 


Japan.—To further the rationalization 
of the ferroalloy industry, a committee, 
composed of government officials, in- 
dustry representatives, banking officials, 
and interested trading companies, was 
established to discuss ways to effectively 
restructure the industry through regroup- 
ings and mergers. Because of Government 
disapproval, the ferroalloy industry 
decided not to continue with the anti- 
recession" cartel, formed in 1965 to regu- 
late production and sales. Some 25 com- 
panies were members of the cartel, 
which expired at the end of September 
1966. 


Mexico.—Metalver, S.A., affiliated with 
Tubosde Acero de Mexico, S. A., opened 
a 24,000-ton-per-year ferroalloy plant to 
produce ferrosilicon, ferromanganese, and 
other ferroalloys. 


Norway.—Aktieselskabet Hafstund Smel- 
teverket planned to install a new 30,000- 
kilovolt-ampere ferrosilicon furnace at its 
plant near Sarpsborg. The new furnace 
was expected to double the concern’s 
capacity. 


South Africa.—A new plant was under 
construction for production of ferrotita- 
nium, ferrocolumbium, ferromolybdenum, 


506 


ferrovanadium, ferrotantalum, and nickel 
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(Thermocor) will start production of 
magnesium. A new company, Thermo- these alloys in South Africa in early 
metallurgical Corporation, (Pty) Ltd. 1968. 

TECHNOLOGY 


The major technological trend in the 
ferroalloy industry during the past 2 
years has been toward larger furnace 
size, improved material handling, and 
new techniques in solidifying molten al- 
loys. 

Furnaces rated at 25,000 to 60,000 
kilovolt-amperes were either placed on- 
stream or under construction. The larger, 
higher powered furnaces were expected 
to reduce unit costs for power, labor, and 
overhead. 

Airco Alloys Division, Air Reduction 
Co., Inc., announced, without details, a 


revolutionary casting technique that was 
expected to reduce by 10 percent alloy 
additive costs in steelmaking. Union Car- 
bide Corp developed an alloy casting 
process that consists of casting ferroalloys 
in successive layers of fixed thickness.” 
Sizing is simplified because the layers of 
solidified alloy separate easily. The denser 
product that results reduces the genera- 
tion of fines during shipment. 


2 Forgeng, William D. and John W. Farrell. 
( E o Union Carbide Corp., New zoek 

Casting rocess for Ferroalloys. U.S. Pat. 
3,328,899, duis 6, 1967. 
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Fluorspar and Cryolite 


By William R. Barton’ 


FLUORSPAR 


Imports again supplied about 75 percent 
of U.S. fluorspar needs. The three leading 
sources for imports were Mexico, Spain, 
and Italy, with lesser quantities originating 
in Canada, Colombia, France, Japan, the 
United Kingdom, and the Republic of 
South Africa. Record U.S. demand was 
paced by the requirements for use in the 


manufacture of hydrofluoric acid and as a 
slag modifier in the steel industry. 

No exploration contracts for fluorspar 
projects were executed by the Office of 
Minerals Exploration during 1967. At year- 
end, the Government stockpile contained 
1,141,000 tons of acid grade, and 412,000 
tons of metallurgical grade, fluorspar. 


Table 1.—Salient fluorspar statistics 


1963 1964 1965 1966 1967 
United States: 
Production: 
Crude: 
Mine production short tons 586,158 620,474 772, 765 737,411 838, 631 
Material milled or washed 
short tons 586, 400 624, 745 825, 867 796,418 914,616 
Beneficiated material recovered 
short tons 188,200 202,300 236,800 250,200 284,300 
iun (shipments)......... do.... 199,948 217,137 240,932 253,068 295,643 
alue............- thousands. . $9,001 $9,723 $10,889 $10,841 $13,164 
Exports- --.--------------- short tons 1,202 3,702 9,385 5,782 10,845 
Value thousands 8157 $158 $315 $301 $517 
Imported for consumption short tons 559, 653 687, 933 816, 546 878, 546 911,870 
gs thousands $14,192 $16,882 $19,958 $21,968 $24,485 
Consumption FFF short tons 736 , 350 831,561 930,127 1,065,124 1,091,158 
Stocks Dec. 31: 
Domestic mines: 
Crude.s.. socle caue: do.... 299,197 299,109 274,011 207,338 126,716 
Finished do 14,954 10,174 19,664 26,589 22,022 
Consumer plants do- 181,934 203,014 235,657 254,726 308,718 
World: Production..................- do... 2,869,490 2,717,105 3,046, 990 3, 129, 205 3,150, 488 


DOMESTIC PRODUCTION 


The Illinois-Kentucky area, consisting of 
Hardin and Pope Counties, Ill., and Crit- 
tenden, Livingston, and Caldwell Counties, 
Ky., continued as the traditional producer 
of most domestic fluorspar in 1967. Mining 
in this area usually depended on the re- 
covery and sale of byproduct lead and zinc 
concentrates. About 60 percent of the ore 
value was in recovered fluorspar with the 
remainder in lead and zinc sulfides. Rela- 
tively small tonnages of ore and concen- 
trates were shipped from mines in Arizona, 
Colorado, Montana, Nevada, and Utah, 


which were not dependent on the recovery 
of byproducts. 


There was increasing demand for con- 
solidated fluorspar flotation concentrates 
in the form of briquet or pellets. They 
were made especially for use in basic- 
oxygen-furnaces by the Ozark-Mahoning 
Mining Co. briquetting plant at Rosiclare, 
III., and the pelletizing plant of Minerva 
Co., Fluorspar Division, at Eldorado, Ill. 
The Mercier Brick Co., Detroit, Mich., 


pelletized imported acid-grade fluorspar. 


1 Commodity specialist, 


Division of Mineral 
Studies. 
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Table 2.—Shipments of finished fluorspar, by States 


1966 1967 
State Value Value 
Short  —— ————— Shortt  ———— 
tons Total Average tons Total Average 
per ton per ton 
ATZA cesset ⁵ ² AT:. ] v...... 8 10,000 $280,000 $28.00 
ines 8 176,175 $8,001,808 $45.42 210,207 9,858, 743 46,90 
Kentucky................- 28,725 1,360, 870 41.38 32,952 1,686,064 51.17 
Other States 11. 48,168 1,478,132 30.69 42, 484 1,338,934 31.52 
PO ogee memes 253 , 068 10,841,000 42.84 295,643 13,164,000 44. 53 


1 Includes Colorado, Montana, New Mexico (1967 only), Nevada, and Utah to avoid disclosing individual 


company confidential data. 


New operations in the Illinois-Kentucky 
district included the Clement fluorspar 
mine of Calvert City Chemical Co., at 
Carrsville, Ky., and the Ozark-Mahoning 
Mining Co.’s Barnett Shaft and the new 
500-foot shaft at the Minerva Co.’s Gaskins 
mine; both in Pope County, Ill. Henry 
Van Sickle and Associates reopened the 
Pygmy mine at Mexico, Crittenden County, 


Ky. Mines that closed down in 1967 in- 
cluded the open-pit operation of Marion 
Chemical Co. at Marion, Ky.; the Nancy 
Hanks mine of Kentucky Fluorspar Co. 
near Salem, Kentucky; and the mining 
operations of Alcoa at Rosiclare, III. 
Minerva Co. “robbed” the pillars and then 


abandoned its depleted Crystal mine, near 
Cave-in-Rock, Ill. 


Table 3.—Fluorspar shipped from mines in the United States, by grades and industries 


1966 1967 
Quantity Value Quantity Value 
Grade and industry — ———— —— 
| Short Percent Average Short Percent Average 
tons of Total per tons of Total per 
total ton total ton 
Ground and £Zotation 
concentrates: 
Hydrofluoric acid.... 112,967 52.9 $5,406,408 $47.86 135,622 54.5 $6,684,414 $49.29 
Glass 29,748 13.9 1,301,418 43.75 31,797 12.8 1,471,936 46.29 
Ceramic and enamel. 5,918 2.8 247,407 41.80 4,924 2.0 232,255 47.17 
Nonferrouss ... 5,043 2.4 224,925 44.60 3,831 1.5 178,472 46.59 
Ferrous...........- 52,294 24.5 2,286,545 43.72 68,879 27.6 3,139,607 45.58 
Miscellaneous 11. 7,410 3.5 318,512 42.98 3,995 1.6 184,159 46.10 
Total._ 213,380 100.0 9,785,000 45.86 249,048 100.0 11,891,000 47.75 
Fluxing gravel and EE m 
foundry lumps: 
Nonferrous. ........ D ccu 205 41.00 1 833 49.00 
Ferrous- ss 28,826 72.6 896,379 31.10 38,093 81.8 1,132,902 29.74 
Miscellaneous 10,857 27.4 159,011 14.65 8,485 18.2 139,163 16.40 
r ass 39,688 100.0 1,056,000 27.00 46,595 100.0 1,273,000 27.32 


1 Includes exports. 
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Table 4.—Fluorspar (domestic and foreign) consumed and in stock in the 
United States, by grades and industries 


(Short tons) 


1966 1967 
Grade and industry Stocks at Stocks at 
Consumption consumer Consumption consumer 
plants lants 
Dec. 31 ec. 81 
Acid grade: 
Hydrofuoric acid 2... „ 572,727 60 , 632 588,275 108,722 
ET MM RESO DTE 6,692 760 7,06 796 
Enamel.2.-:-2-c-de2ltécaccnaclzgeeu cu uc unb 279 48 21 31 
Welding rod coating 3,173 275 3,512 181 
ein E ⅛ ß SO 88 
lr 88 1, 875 938 2,163 801 
Primary alumunum. 2.2.2.2. 
VK EE 584,746 62, 653 601, 228 110, 531 
Ceramie grade: 

ege is go eet es 22, 647 2, 537 20, 979 2, 580 
FFF ꝓJhwααα y eee 5, 395 731 4,842 554 
Welding rod coatings ... 3,947 160 3,350 121 
5 JJ N , 217 53 205 122 

pecial QX... e id we 
Ferroalloys i 7,227 1.733 7,465 1,256 

Total. hese eee se 39, 433 5,214 36,841 4,683 

Metallurgical grade: 

LE se oie Seay ee eat oe eee eee 586 62 564 54 
J ] ee ce en LL. E h ß Ee 
Nonferk gas oe each iden 11,208 3,246 8,709 2,316 
Sei ec oases 
Ferroalloys________ ee eebe a ke 1,389 2,829 1,001 3,481 
Primary magnesium- ---.--------------------- 

Iron fun, coke oles 22,490 2,521 20,881 2,010 
Open-hearth steel 150,310 132,205 
Basic oxygen furnace steel 198,476 178,195 238,625 180,693 
Electric- furnace steel. 56,486 | 51,104 

TOCA Veta Nea hg et hea %⁰o ( 440 ,945 186,859 453,089 188,554 

All grades: 

Hydrofluoric acilblc 572 , 727 60,632 588,275 108 , 722 
eJ UO egal es 29,92 3,359 28,610 430 
TNAMC BEE 5,674 779 5,053 585 
Welding rod eoating 4k 1,120 435 6,862 802 
Noir ke ee Dee Se oe eos 11,425 3,299 8,914 2,438 
Special ln. 8 5, 650 1,592 5,656 1,275 
5 27% 8 2,321 879 2,264 331 

rimary aluminum mmm 
Primary magnesium 2,920 3,529 2,709 3,932 
Iron uns he ES 22, 490 2,527 20,881 2,010 
Open-hearth steel 150,31 132,205 
Basic oxygen furnace steel... 198,476 178,195 238 , 625 180,693 
Electric-furnace steel. 56,486 91,104 

JðCͥͥ EE 1,065, 124 254, 726 1,091, 158 303,718 


1 Includes metallurgical grade to avoid disclosing individual company confidential data. 
2 Includes a small amount of acid grade to avoid disclosing individual company operations. 


CONSUMPTION AND USES 


Consumption of all grades of fluorspar 
reached a record level of about 1.1 million 
tons, the result of a continuing increase 
since 1962. In that year 652,888 tons was 
consumed, of which 57 percent was acid 
grade, 6 percent was ceramic grade, and 37 
percent was metallurgical grade. Since 
1962, the greatest increase in use was in 
metallurgical grade, because of the in- 
creased use of the basic-oxygen-process for 


making steel. About 12 pounds of fluorspar 
are required per ton of steel produced. In- 
creased use of all grades of fluorspar is 
expected to continue, but quantities used 
in making open-hearth steel may decrease 
because of the more extensive use of the 
basic-oxygen-process. 

Several new fluorocarbon finishes were 
being prepared to provide nonstick, abra- 
sion-resistant coatings for paper, textile 
equipment, and various tools. The finishes 
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were reported to bake at lower tempera- 
tures, show better hardness and abrasion 
resistance, and provide better single coat- 
ings than those previously available. How- 
ever, the top operating temperature, 350° 
to 400° F, was lower than that previously 
available on similar surfaces. Teflon and 
fluorinated elastomers were used to make 
suits to protect rocket fuelers against 
liquid fluorine and other fuels and oxi- 
dizers.? 

The 50,000 ton-per-year expansion for 
the Alcoa Plant at Badin, N.C., which was 
to be in operation by mid-1967, may re- 
quire about 2,500 tons of fluorspar an- 
nually.? 
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According to the Public Health Service, 
Americans in 5,445 communities now drink 
fluoridated water. More than 62 million 
consumers live in the 3,145 communities 
where water is artificially fluoridated, and 
10 million more live in communities where 
the water contains sufficient natural fluo- 
rides.* 


2 Chemical Engineering. Fluorine Won't Faze 
Rocket Fuelers Any Longer. v. 74, No. 12, 
June 5, 1957, p. 66. 

3 News Sentinel (Knoxville, Tenn.) Mar. 13, 
1966. p. 1. 

4 Chemical 
Drinkers Increase. v. 45, No. 
1967, Ds 86. 


& Engineering News. Fluoride 
34, Aug. 14, 


Table 5.—Fluorspar (domestic and foreign) consumed in the United States, by States 
(Short tons) 


State 1966 1967 State 1966 1967 

Alabama, Georgia, and North Kentuckyů . e 56,271 64,390 

Carolina 12,605 12,674 Marvland 19,187 31,101 
Arkansas, Kansas, Louisiana, Massachusetts- ------------ 355 403 

Mississippi, and Oklahoma 140,459 137,204 Michiean 73 , 846 65,674 
California......... ..........- 45,412 51,165 Missourt 2,732 2,715 
Arizona 1, Colorado, and Utah. 28,861 23,996 New York and Vermont..... 24,60 31,340 
Connecticut 1,148 870 Ohio..... eects sal ances iL 101,088 111,106 
Delaware and New Jersey... 89,270 99,380 Oregon and Washington 1,57 ,65 
Florida, Rhode Island, and Pennsylvania 98,336 89,252 

NEES - AA 8 1,439 1,431 Tennesse 2,413 2,38 
Illinois 56,772 60,521 Texas 221, 286 215, 326 
Indiana 42,4783 43,145 West Virginia 41, 784 42, 405 
Iowa, Minnesota, Nebraska, — EUM 

and Wisconsin............- 3,713 3,020 Total. 1,065,124 1,091,158 

1 1967 only. 


Table 6.—Stocks of fluorspar at mines or shipping points in the United States, 
by States, Dec. 31 


(Short tons) 


1966 1967 
State — — 
Crude Finished Crude Finished 
III ͥͥ ³Ü¹üw⁰̃̃ͥũꝙꝓͥ ͥͥ ean eu Lei 179,642 21,284 98,031 16,797 
FF ³ꝛſſſßdC i ³ 8 1,288 N 
Mee ð⁵ 0m Add y ime elu sede 26,413 5,305 28,685 5,725 
Total --. d p cc 207,338 26,589 126,716 22,522 


W Withheld to avoid disclosing individual company confidential data; included with “Other States." 
1 Includes Colorado, Montana, and Nevada to avoid disclosing individual company confidential data. 
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PRICES yearend 1967 prices for principal fluor- 
Metals Week reported the following spar grades: 
Per short ton 
Domestic: f.o.b. Illinois and Kentucky: 
Metallurgical-grade, 7215 percent, effective Ca, ꝶ . $41.50 
Acid-grade concentrates, dry basis, 97 percent CaF;, carloads.... 51.00 
Less than carloads: . VR Ce dd whem eRe 55.00 
Bags.extld. loo 8 4.00 
Pellets 70 percent effective Cake. 44.00 
Ceramic-grade, 95 to 96 percent CaFe.............. 55 49. 00 
European: 
Acid- grade, duty paid, dry basis.............................. 44 . 50—45 . 50 
Mexican: 
Metallurgical-grade, 72 . percent, effective CaF: 
Border, all rail, duty paid... 1.2... U UU UUUU7ꝓ .. 32 .00—33 .00 
Brownsville, Tex., barge, duty paid....................... 34.00-35.00 
Tampico, Mexico, vessel cargo lots........................ 25.00 
40. 00-45. 00 


Acid- grade, 97 percent, Eagle Pass, Tex. bulk 


FOREIGN TRADE 


Mexico supplied 72 percent of total U.S. 
consumption; 60 percent of the acid-grade 
imports and 95 percent of the metallur- 
gical-grade imports. The United States also 
imported significant quantities from Spain 
and Italy. 

The duty on fluorspar remained un- 
changed. Acid-grade fluorspar containing 
more than 97 percent CaF: was subject to 
a duty of $1.875 per short ton, and metal- 
lurgical-grade containing less than 97 per- 
cent CaF: had a duty of $7.50 per short 


ton. The value per ton of imported fluor- 
spar from Spain rose from an average 
value of $34.44 in 1966 to $37.80 in 1967, 
and that from Italy, for the corresponding 
period, increased from $28.48 to $32.57. 


Table 7.—U.S. exports of fluorspar 


Short Value 

Year tons (thou- 

sands) 
1 re ee E fau c 9,385 $315 
1900... ee eth ose ek ce 5, 732 301 
/ 8 10, 345 517 
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Table 8.—U.S. imports for consumption of fluorspar, by countries and customs districts 


Country and 


1966 

Containing not 
more than 97 

percent calcium 


Containing more 
than 97 percent 
calcium fluoride 


1967 


Containing more 
than 97 percent 
calcium fluoride 


Containing not 
more than 97 
percent calcium 


customs district fluoride fluoride 
Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- 
sands) sands) sands sands) 
Canada: 
Bullalo; N;Y c c ¿usul Spee eege 6,330 $134 ....... .....- 3,552 $72 
Detroit, Mick. FR 60 2 
El Paso, Tek 485 JJ! ĩ⁰˙ nd eus vee: ĩð2—³ eke hea 
Seattle, Wash__._______- 12 ËCH 
TOtal ERR 477 11 6,350 134. Siete 3,612 74 
Colombia: Laredo, Tk . 229 Sle wes, widen 2 
France: New York City... .... ....... .....-. 22222- ------ 22 geet. K 
Greenland: El Paso, Tex_____ .d 503 /f PRECIO / a 
Italy: 
Detroit, Mich........... 5,408 TAB n cic ¿Qs 4,287 POS. vk est helt dS 
Galveston, "ex ---.-- 6,419 24b. ` Ce, bees 11,297 33«öͤ⅛ Siem Sis 
New Orleans, La. 21,768 5853 5 22,793 e A EE 
Philadelphia, fa 19,045 DAL nitri 8 24,067 (6.7 he fe A hs 
tel! ee wha Sie 52,640 1, 4g, 62,444 2,0344 pce Re: 
Japan: Detroit, Ming nn AT. cot o ( 21 1 
Mexico: 
Baltimore, Md uu lxx 222222 222222- 2-2- 333 11 18,603 387 
Boston, Mass. 107 %% ĩ K 
Büffel“ / 2222222 2a 11,977 C 31,951 708 
Cleveland, Ohio. ........ ....... ......- 24,648 042 s osese e meu. 26,525 658 
Detroit, Mich `, 21,123 ART. uu E. m 7,929 599 
El Paso, Tex Mn 60,711 1,518 69,524 1,387 78,349 1,964 77,857 1,557 
C ³˙A ð z 2222222 ---.-.-- 354 WAN tetas, eee: 
Houston, Tex........... 11110 Ä a iem 176 Be uelle d. S oe 
Laredo, Tek 253,924 6,616 77,664 1,105 235, 543 6,259 73,977 1,113 
Los Angeles, Calif k 22.2.2. Lit) Wtt.! 8 
Miami, Fla 277 ))) HR. 
Mobile, I... ue 2-2- 9,139 165 1:250 Guy See 3,461 88 
New Orleans, La 97,163 1,038 96,888 2,362 42,368 1,287 29,651 855 
New York Gitt, ——I¾Dqn¾ 261. - ` 8 xeu feed 
Norfolk, ...... ð - kee EE 1,928 Jö OR 1,054 21 
Philadelphia, Pa......... 4,144 105 11,237 PT 10, 860 251 
St. Louis, Mo 382 % Meis. ² Ne ̃᷑ĩͤ ß“ ² dA d e 
San Diego, Cat. 93 2 282 gue ed RU pa 
Total; el u. l L ata 356,868 9,298 324,323 6,576 357,843 9,557 301,868 6,237 
South Africa, Republic of: 
Baltimore, Md.......... ... 13,730 04. ua h A 12,696 238 
Philadelphia, Pa ....... ...... 3,752 J ĩ EE 
Toal socie cuc fo te foreros 17,482 S12 serans 8 12,696 238 
Spain: 
Cleveland, Ohio 19,292 CJ meee 26,255 989 2a 
Detroit, Mic 4,837 120. m Eee 9.463 2820 ied 8 
Galveston, Tex 6,306 202. Sr. nomas 26,591 BOT uns 8 
New York CUY- , chbecd deese “ghee ENEE 
Norfolk, "Mee ee ³ĩðW seen ësst eee 3,784 Ev BEE 
Philadelphia, P 89,324 3,02 86,330 3,514 Á . .... ...... 
ST ie 119,159 4,1141414 iz 152,420 5,7627 J 
Sweden: Laredo, Tek ` E MEME. METRE RE 
United Kingdom: 
Cleveland, Ohio... ...... ....... ...... 2222222 2222.22 „716 ooo eee 
New Orleans; . 8 14, 688 BO: Besse. xus 
San Juan, Puerto Rica... 53 Oe Sete wate 299 EL ieee w 
TOt8l. r y ant Bei 53 Oe. Se as She mI Sut 20,703 574 
Grand total.. 529,797 14,984 348,749 7,034 593,667 17,935 318,203 6,550 


1 Less than 16 unit. 
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WORLD REVIEW 


Canada.—Fluorspar has been produced 
from several deposits in Newfoundland, 
Nova Scotia, Ontario, and British Colum- 
bia, but the most important mine is that 
operated by Newfoundland Fluorspar Ltd. 
St. Lawrence, Newfoundland, where un- 
derground mining provides feed for a 900- 
tons per day mill. The other producer in 
Canada is Pacific Silica Ltd., Oliver, Brit- 
ish Columbia, where fluorspar is a by- 
product at a silica quarry. Newfoundland 
Fluorspar, a wholly owned subsidiary of 
Aluminum Company of Canada, ships a 
heavy-media concentrate to Arvida, 
Quebec, where it is upgraded and used to 
make artificial cryolite for the aluminum 
plant at Arvida. The St. Lawrence deposits 
have produced almost 2 million tons of 
ore, and shipments to Arvida have been 
consistent since 1940. 

Approximately 1,400 tons of fluorspar 
was produced on Cape Breton Island be- 
tween 1940 and 1949. Recent drilling on 
the Island reportedly disclosed more than 
2 million tons containing an average of 
48.5 percent barite and 14.5 percent fluor- 
spar. Surface exposure and drilling has 
indicated a large medium-grade deposit 
amenable to low-cost mining on Birch 
Island, British Columbia. A base metals 
deposit near Fredericton, New Brunswick, 
contains some fluorspar that might be 
recovered as a byproduct.? 


India.—Fluorspar deposits at Amba- 
dungar in Gujarat, India, were being 
developed by a State-owned company, 
Gujarat Mineral Development Corp. Ac- 
cording to the Geological Survey of India 
the deposits contain minable reserves of 


11.6 million tons averaging 30 percent 
CaF;.? 


Mexico.—Asarco Mexicana, S.A., the 
Mexican affiliate of American Smelting 
and Refining Company, was constructing 
the world's largest fluorspar flotation mill 
at Parral in southern Chihuahua. The 
capacity will be 85,000 tons of acid-grade 
concentrate, from a large stock of 15 per- 
cent CaF; tailings that have accumulated 
as a result of many years of mining lead- 
Zinc ores. 


Mozambique.—A new firm, Fluorspar 
Intermines of Mozambique, has been es- 
tablished to explore and exploit large 
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flurospare deposits west of the Zambesi 
River near Canxixe in Manica e Solfala 
District, and near Chioco in Tete Dis- 
trict.” 


South Africa, Republic of.—Attention 
was being given to fluorspar reserves in the 
Republic of South Africa and in the Terri- 
tory of South-West Africa. Published data 
indicate that there may be over 300 million 
tons of fluorspar ore of all grades. This 
estimate, however, probably refers to a 
noneconomical, low-grade ore, averaging 
10 to 15 percent CaFz. Known economic 
reserves are considered to be about 30 to 
34 million tons averaging 44 percent 
CaF;. Other sources estimate reserves of 
14.4 to 30 million tons of probable ore 
averaging 44 to 46 percent Gab: 


Transvaal Mining and Finance Co., a 
subsidiary of General Mining & Finance 
Corp. Ltd., recently began producing 500 
short tons of fluorspar per month at the 
Vischgat mine in Transvaal Province. 
Sufficient metallurgical-grade ore had been 
developed to permit opening the mine. 
The company’s mill at the Buffalo mine, 
also in Transvaal, had operating difficulties 
in 1966 and produced only 11,094 tons of 
acid-grade fluorspar, of which 8,464 tons 
was sold. Reserves at the Buffalo mine 
were reportedly 5 million tons, averaging 
22 percent CaF;.? 


Tunisia.—Production of fluorspar from 
the Djebel Quest and Djebel Staa mines in 
Tunisia was being supplemented by mate- 
rial produced at the reopened Hamman 
Zriba mine, which had been closed for 10 
years. Tunisian deposits were reported to 
be the richest in the Mediterranean area.” 


“Northern Miner (Toronto). Fluorspar De- 
mand on the Increase: Appreciable Gains. No. 
41, Jan. 5, 1967, p. 18. 

_Reeves, J. E. Fluorspar. 1966 Mineral Re- 
view Preprint, Mineral Processing Div., Mines 
Branch, Dept. Energy, Mines, and Resources 
(Ottawa, Canada), No. 19, 1967, 5 pp. 

6 Bureau of Mines. Mineral Trade Notes. v. 
64, No. 4, April 1967, pp. 11-12. 

7Bureau of Mines. Mineral Trade Notes. v. 
64, No. 12, December 1967, pp. 15-16. 

8 South African Digest. Fluorspar Mining 
Vital New Development. v. 14, No. 2, Jan. 18, 
1967, pp. 8-9. South African Mining & Engi- 
neering Journal Outlook for the Fluorspar 
Industry, v. 78, Pt. 1, No. 3867, Mar. 17, 


1967, pp. 601, 623. 
(London). No. 65192, Apr. 


9 Metal Bulletin 
25, 1967, p. 15. 

10 Bureau of Mines. Mineral Trade Notes. v. 
64, No. 1, January 1967, p. 10. 
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Table 9.—World production of fluorspar, by countries ! 2 
(Short tons) 


Country 1963 1964 1965 1966 1967 p 
North America: 
Cangadae `... 2- ------------ 85,000 96,000 112,000 r 79,000 88.000 
Mees 530, 893 708, 644 810, 618 799, 602 785,114 
United States (shipments)..... 199,948 217,137 240,932 253,068 295.643 
0 America: Argentina 10,761 12,703 12,883 10,472 NA 
urope: 
France (marketable) ____.__-_-- 160 ,307 215,119 215,573 r 237, 476 e 243,000 
Germany; 
ö s Lec S us r 77, 000 r 77,000 r 88,000 r 88,000 NA 
West Gnarketabie) n Ne 115,272 98,960 91,402 r 93,195 ° 95,000 
[tay ³ eps 148, 407 137,449 162,990 r 215,193 e 224,000 
Spain (marketable)........... 169,094 164,995 r 248,248 r 230,315 261, 509 
Sweden (sales) ...............- Ii: D Leod uan ¿usus cete 8 
United Kingdom ST en eae r 96,342 r 114,199 r 128,750 r 138,891 NA 
Lë Rit m 300 , 000 330 ,000 385 ,000 385,000 420,000 
Africa: 
Morocco 7,000 7,242 3,307 e 3,300 _ 2... 
Rhodesia, Southern 343 77 ` ° 165 NA NA 
South Africa, Republic of- 57, 761 66,431 72,517 90, 266 e 108,000 
South-West Africa, Territory of. LLN NA 
PFI es tee eee! 8 er 3,300 r 2,894 e 4,400 
Asia: 
China, mainland *............ 220,000 220,000 240,000 r 280,000 280,000 
e, nee 780 429 607 1,178 1,385 
JAPAN n wee eee EAE m 23 ,037 21,078 18,205 r 15,472 12,866 
Korea 
North e... EN 33,000 33,000 33,000 33,000 33,000 
St 43,855 62,167 43,174 35,283 62, 796 
Mongolia 54, 000 e r 63,000 er 83,000 c r 83,000 e 83,000 
Thailand >... LZ See hoe 32,221 70,039 57,132 52,941 146,775 
e 719 1,436 1,187 1,659 NA 
Oceania: Australia /// ee, bclla :»ĩ0r! 8 
l!!! Su poe a Ds a 72,869,490 72,717,105 *3,046,990 *3,129,205 3,150,488 


* Estimate. n Preliminary. r Revised. NA Not available. 

1 Fluorspar is also produced in Brazil and Bulgaria; data are not available. 
2 Compiled mostly from data available May 1968. 

š Excludes recovery from lead and zinc mine dumps 

4 Total is of listed figures only; no undisclosed data included. 


Table 10.—International fluorspar trade in 1966 
(Short tons) 


Producing country Exports Principal destination 
Bulgana.: o i eee oa 11,511 All to West Europe. 
China, mainland- .......... 1226,967 Japan 107,288; East Europe 75,187; West Europe 44,492. 
Fiance .-——— Rami 97,441 West Europe 96, 516; Asia 897. 
Germany 
EAS ((( enar 125,191 East Europe 19,327; West Europe 5,864. 
WV CBG ee es el 12,370 West Europe 12,123; East Europe 143. 
Jtaly eae . eR as ee Poe 60,931 United States 51, 782; West Europe 7,903; Australia 1,000. 
JEON oo GE Soe 300 Asia 244; Australia 56. 
Korea: 
North: ee ee te td 17,319 East Europe 5,787; Japan 1,532. 
Sal 43,230 Japan 39, 673; Taiwan 2, 050; Philippines 701. 
Mexico. Ee 819,230 United States 690,290; Canada 127,427; South America 1,513. 
Mongolia---------------------- 1 49,714 All to East Europe. 
South Africa, Republic of 94,240 Japan 42,683; West Europe 19,338; United States 18,007; 
Australia 6,299. 
cl E 143,711 United States 110,849; West Europe 27,456; Asia 4,564. 
Navan e meses 81,219 Japan 76,035; India 4,763; Australia 332. 
United States ___-_------------ 5,732 Canada 5,356; Africa 283; Asia 41; West Europe 23. 


1 From import detail of customs returns of destination countries. 


FLUORSPAR 


TECHNOLOGY 


The usefulness of fluorine compounds as 
lubricants was promoted by coating metals, 
including nickel-base alloys, with calcium 
fluoride and a suitable binder such as the 
oxide of cobalt, barium, or boron. When 
fused to the surface, the solid-film coating 
withstood temperatures of 1,900° F in 
oxygen or inert atmospheres, at atmos- 
pheric to high-vacuum pressures. Wright- 
Patterson Air Force Base developed special 
lubricants for orbiting satellites using a 
perfluorocarbon polymer base and a 
fluorinated ethylene-propylene copolymer. 
Cost of the lubricant, said to be effective 
from 10° to 400° F depending on pressure, 
was believed to be $25 to $100 per pound. 
A fluorocarbon powder with a low coefh- 
cient of friction was reported to be useful 
between 400° and 500° F.11 

Continuous effective lubrication of ball 
bearings operating in a vacuum was pro- 
vided by interspersing polytetrafluoroethyl- 
ene balls with the steel balls. In a typical 
assembly every fifth steel ball was replaced 
with a plastic one and the slight wear on 
the polytetrafluoroethylene ball provided 
a solid lubricant for the others. Life was 
estimated at thousands of hours when the 
assembly was operated at temperatures of 
250° to 800° F. Glass fiber or powdered 
metals could be incorporated in the plastic 
for increased strength if the bearings were 
to be operated under heavy loads.’” 

A newly developed class of fluorinated 
compounds has potential applications as 
dielectric fluids, high-temperature lubri- 
cants, hydraulic fluids for pumps, agents 
for treating corrosive liquids and gases, 
water and oil repellants, and heat transfer 
media. Details of the manufacture were 
not released, but the compounds were pre- 
pared by the photochemical combination 
between oxygen and  perfluoroolefins, 
usually hexafluoroethylene.? 

The manufacture of hydrofluoric acid, 
an intermediate for making fluoride chemi- 
cals for the aluminum, aerosol, 
ant, and plastics industries, usually re- 
quires high grade, finely ground, and 
rather closely sized fluorspar concentrate. 
A proces, in which the chemical and 


refriger- 
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physical properties of raw materials may 
be less critical, was developed for the pro- 
duction of hydrofluoric acid from pellets. 
The pellets were formed by combining 
stoichiometric proportions of sulfuric acid 
and ground fluorspar with crushed anhy- 
drite at a temperature below 50° C. The 
anhydrite ranged from 85 to 260 percent 
by weight of the calcium fluoride. The 
pellets were fed into a reactor and heated 
to 150° to 300° C to obtain gaseous hydro- 
fiuoric acid. The anhydrite imparted suffi- 
cient strength so that the shapes were not 
destroyed during furnance treatment.!* 

Fluorine was being tested as an oxidizer 
for rocket fuels. Liquid fluorine was used 
with a fuel mixture of monoethylhydrazine 
and hydrazine. Gaseous fluorine and liquid 
hydrogen were used to provide a high- 
temperature ignition source in the M-1 
high-energy rocket engine.!5 

A mixture of sodium chloride, sodium 
fluoride, and potassium aluminum tetra- 
fluoride proved to be the most effective 
electrolyte in recovering tungsten from 
tungsten oxide in a process developed by 
the Bureau of Mines. The power require- 
ment was low and the temperature of the 
electrolytic bath was 800° C compared 
with the 1,000? C temperature now re- 


quired in the commercial method.“ 


11 Chemical Week. Greases To Provide One- 


Shot Permanent Lubes. v. 99, No. 1, July 2, 
1966, p. 41. 
Industria] & Engineering Chemistry. New 


Chemicals and Materials: Lubricants. v. 58, 
No. 9, September 1966, p. 68. 

Iron Age. Space Spawns Super-Lubes. v. 
198, No. 3, July 21, 1966, p. 95 

12 Materials in Design Engineering. Dry 
Lubricants for Vacuum Environment. v. 63, 
No. 6, June 1966, pp. 139-140. 

13 Chemical & Engineering News. Monteca- 
tini Edison Develops Liquid Fluorinated Com- 
pounds. v. 45, No. 27, June 26, 1967, pp. 


12-13. 

14 Parinot, G. (assigned to Societe d'Electro 
"Chimie, d'Electro-Metallurgie et des  Acieries 
Electriques d'Ugine, Paris, France.) Process 
for Production of Hydrogen Fluoride from Sul- 
furic Acid, Fluorspar and Anhydrite. U.S. Pat. 
3,300,279, Jan. 24, 1967. 

1$ Chemical & Engineering News. Liquid 
Rocket. v. 44, No. 33, Aug. 15, 1966, p. 101. 
. A Fluorine Ignition System Is Being 
Used in the M-1 High-Energy Rocket Engine. 
v. 44, No. 37, Sept. 5, 1966, p. 49. 

16 Gomes, John M., Kenji Uchida, and Don 
H. Baker, Jr. Electrowinning Tungsten in 
Halide and Phosphate Electrolytes. BuMines 
Rept. of Inv. 6742, 1966, 9 pp. 
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CRYOLITE 


Natural cryolite was imported from 
Greenland by Pennsalt Chemicals Corp., 
Philadelphia, Pa., and concentrated at its 
Natrona, Pa. plant. 

Synthetic cryolite was produced by 
Kaiser Aluminum & Chemical Corp. at 
Chalmette, La., and by Reynolds Metals 
Co. at Bauxite, Ark. Cryolite was reclaimed 
from scrap pot linings by Aluminum Com- 
pany of America at Point Comfort, Tex.; 
by Kaiser Aluminum & Chemical Corp. at 
Chalmette, La., and Spokane, Wash.; and 
by Reynolds Metals Co. at Listerhill, Ala., 
Longview, Wash., Corpus Christi, Tex., 
Troutsdale, Oreg., and Patterson, Ark. 

General Chemical Div., Allied Chemical 
Corp., announced that it would soon start 
up facilities to produce artifical cryolite 
and aluminum fluoride at New Orleans, 
La. 


PRICES 


Cryolite quotations reported by the Oil, 
Paint and Drug Reporter, December 25, 
1967, were as follows: Natural, industrial, 
in bags, carlots at works, 100 pounds, $13; 
and in bags, less than carlots, at works, 
100 pounds, $14.25. The prices were 
unchanged from the previous year. 


FOREIGN TRADE 


Exports of synthetic cryolite were not 
separately classified in 1967. The import 


statistics shown in table 11 do not distin- 
guish between natural and synthetic 
cryolite, but it is believed that virtually all 
shipments from countries other than 
Greenland were synthetic cryolite. 


Table 11.—U.S. imports for consumption 
of cryolite 


Short Value 
Year and country tons (thou- 
sands) 
Kr BEE 24,264 $1,765 
1960... ez losa iei 24,011 2,009 
1966: 
Denmark 2,352 107 
Franca 6, 622 1,154 
Germany, West 66 23 
Greenland 111. 16, 693 728 
Guinea... 917 147 
Italy . z ( ee ee 4,961 1,025 
Switzerland. ........... 44 15 
Total... xem 31, 655 3, 199 
1967: 
Canada 2, 689 453 
Franee______ e 7,558 1,449 
Germany 
EAA -.-------- 679 115 
West 1, 486 303 
Greenland i 19, 953 1,032 
Daly ciet ce: deus 3,954 766 
Total. 2 m 22245 36,319 4,118 


! Crude natural cryolite. 


Gem Stones 


By Benjamin Petkof * 


Domestic gem stone production was 
estimated during 1967 at $2.4 million, 
unchanged from 1966. Gem stone collec- 


tion continued to be essentially a recrea- 
tional activity of individual collectors and 
hobbyists. 


DOMESTIC PRODUCTION 


Production estimates indicated that 38 
States produced gem material in 1967. 
The leading producing States were Ore- 
gon, California, Idaho, Arizona, Texas, 


Wyoming, Colorado, Montana, and Nev- 
ada with each State producing material 
valued over $100,000. These States pro- 
vided 77 percent of total production. 


CONSUMPTION 


Consumption of gem diamond, both 
rough and cut, reached $387 million, only 
a small increase from $374 million in 
1966. Value of imported synthetic and 
imitation gem stones including imitation 
pearl reached $11.5 million, compared 
with $10.0 million in 1966; natural and 


cultured pearls declined 19 percent from 
1966. 

Apparent consumption of gem stones 
(domestic production plus imports minus 
exports and reexports) was $304 million, 
compared with $289 million in 1966. 


PRICES 


During the year, price ranges for cut 
and polished, unmounted gem diamond 
were 0.25 carat, $80 to $375; 0.50 carat, 


$200 to $800; 1 carat, $500 to $2,500; 2 
carat, $1,800 to $7,000. 


FOREIGN TRADE 


Exports of precious and semiprecious 
gem stone were valued at $6.5 million, 
compared with $64.1 million in 1966. Dia- 
mond, over one-half carat in weight, cut 
but unset, made up the bulk of the ex- 
ports. 

Reexports of all varieties of gem stone 
reached $72.0 million, a decline of $3.2 
million from those of 1966. The major 
portion of reexports consisted of rough or 
uncut gem quality diamond. 

Ruby and sapphires valued at $5.7 mil- 


lion were imported from 27 countries. 
Thailand, India, and Ceylon supplied 
about 70 percent of the total. 

Imports of emerald rose in quantity but 
declined in value. India supplied 38 per- 
cent of all imports. 

India and Japan were the major sources 
of imported natural pearl. However, 
Japan remained the largest supplier of cul- 
tured pearls. 


1 Commodity specialist, Division of Mineral 


Studies. 
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Table 1.—U.S. imports for consumption of precious and semiprecious stones, exclusive of 
industrial diamond 


(Thousand carats and thousand dollars) 


1966 1967 


Stones — —6ʒẽͤ——6 —ä6—̈ä  — 
Quantity Value Quantity Value 


Diamond: 
Rough or uncut, suitable for cutting into gem stones 
carats.. 2,032 $208 , 039 2,506 $212 ,902 


Cut but unset, suitable for jewelry- ------------ do.... 1,452 165,787 1,455 174,570 
Emeralds: Cut but RTE do. 7218 r 5,994 242 5,518 
Rubies and sapphires: Cut but unset, suitable for jewelry.... NA 7,163 NA 5,685 
Marcasites: Real and imitation, dutiable EEN NA 5 NA 3 
Pearls and parts, not strung or set: 

E oU RE NA 793 NA 576 

Cultured or cultivated__ l l 2 2. 2... ..-.-.- NA 21,286 NA 17,140 

Imitation. ooo ] ʃ-0 ⅛ð eu see ĩ⁊ͤv E tra che NA 506 NA 974 
Other precious or semiprecious stones: 

Rough or neut e NA 2,483 NA 4,900 

Cut but unn 8 NA 4,972 NA 6,539 

Other t EE ed ete 8 NA 320 NA 270 
Imitation: 

Cut but unset, synthetic... ............. number 2,699 1,178 3,042 1, 382 

CPC ³0Ü0AÜÜ0U ⁵⁰ä! u ĩ⅛˙Ü-rr. ĩð2jd v re eer NA 8,341 NA 9, 786 

r o¹.¹äꝛ AA. ˙ e AAA NA r 426,707 NA 439, 645 


r Revised. NA Not available. 
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WORLD REVIEW 


Brazil.—The diamond mining industry 
has been undergoing a change from hand 
mining method to the application of large 
hydraulic dredges for large-scale recovery. 
A dredge has been placed in operation on 
the Jequitinhonha River by Meneracao 
Tijucana S.A., Dragagem de Ouro S. A., 
and Pacific Tin Corporation which moves 
material at the rate of 400 cubic yards 
per hour in 12-cubic- foot buckets. Test 
drilling has shown that the diamond re- 


covery rate averaged 0.01 carat per cubic 
yard of diamondiferous gravel. Eighty 
percent of the material recovered is of 
gem grade. 

The Mining Department of the Fed- 
eral Government began prospecting and 
evaluating the Tocantins River area for 
available diamond by the interpretation 
of aerial photographs and coring opera- 
tions. This area has previously been 
worked by crude hand methods. 


Table 3.—World production of gem diamond, by countries ! 


(Thousand carats) 


Country 


Africa: 


Central African Republic 
Congo (Kinshasa)... ...........-.-... 2.2.2.2. 
Congo (Brazzaville)*? : )) 
G <- -o GF ⅛ð ß w d LE 
Guinea eL x oou ͤ- ß 8 
Ivory Coast- -..------------------------------ 
IIö; dd sebum teet eee 
Sierra Leone!!!!!n!! 
South-West Africa, Territory off 
KN KT ull . EE 


South Africa, Republic of: 


Eege 
De Beers grou sss 
Other pipe mines 
Alluviab. n ae eee e 


e Estimate. r Revised. P Preliminary. 
1 Compiled mostly from data available Apri} 1968. 
2 Exports. 

3 Probable origin, Republic of the Congo. 

4 Includes some alluvial from De Beers properties. 


1963 1964 1965 1966 1967 » 
m 759 804 878 964 1, 000 
- 121 221 268 270 260 
x 296 295 14 15 263 
aS 341 316 318 r 300 300 
EM r4 r 378 r 25 282 254 
hé 2 22 21 21 21 20 
iss 63 120 119 110 105 
e 240 298 277 343 353 
ia 555 585 658 629 ° 600 
-- 1,076 1,387 1,491 1,588 ¢1,700 
Sa 276 338 414 r 474 494 
es 522 556 610 625 NA 
zs 921 928 985 1,429 NA 
z 16 18 123 131 NA 
- 338 288 230 300 NA 
.- 11,797 1,790 1,948 2,485 ¢2,100 
-- "5,550 76,553 76,431 17,476 7,449 
ze 175 175 175 150 160 
ei 60 60 45 37 
S 1 2 r3 2 
2 NA NA 2 
shes r 600 r 800 71,000 71,200 1,400 
e r 38 r 57 r 5 42 8 
-- r6,424 7,647 17,707 *8,909 9,093 


NA Not available. 


5 Totals are of listed figures only; no undisclosed data included. 


Canada.—A recent paper postulates 
that the source of the diamond previously 
found in the glacial deposits of Ohio and 
Wisconsin was kimberlite deposits in the 
James Bay area.? 


Lesotho.—The Government and The 
Rio Tinto-Zinc Corp. Ltd. announced an 
agreement for diamond prospecting and 
eventually mining at the Lesotho State 
Diamond deposit at Letseng-la-Terai in 
northeastern Lesotho. The agreement pro- 


vided for a 2— to 3-year prospecting 
period to determine if large-scale mining 
operations are justified* A large pale- 
brown stone weighing 601 carats was re- 
covered. 


2 Linder, P. H. Modern Dredges Successful 
in Recovering Brazilian Diamond. Lapidary 
J.; v. 21, No. 2, May 1967, pp. 298-305. 

3Northern Miner (Toronto, Canada). Dia- 
mond-Type Rocks in James Bay Area No. 1, 
Mar. 30, 1967, p. 15. 

*U.S. Embassy, Maseru, Lesotho. Depart- 
ment "i State, Airgram A-83, Oct. 27, 1967, 
pp. 1—2. 


GEM STONES 


Sierra Leone.—In terms of value dia- 
mond was the major mineral product of 
Sierra Leone. 

Sierra Leone Selection Trust Ltd. 
(SLST) and the Government renegoti- 
ated the SLST leases, providing for an 
increase in the income and diamond 
profits tax paid by the company. SLST 
also agreed to release certain locations in 
Kono and Tongo for licensed alluvial 
mining, to allow licensed diggers to re- 
cover diamond from its mine tailings, to 
begin a program of rehabilitating mined- 
out areas, and to study prospecting po- 
tential for more diamond.* 


South Africa, Republic of.—The Finsch 
diamond mine was formally opened on 
February 24, 1967. The ore reserves were 
estimated at 110 million tons down to the 
open pit mining limit of 900 feet; at a 
planned production rate of 17,000 loads 
(16 cubic feet per load) per day, mini- 
mum life would be 25 years. The recov- 
ery rate was 38 carats per 100 loads.“ 
About 75 percent of the diamond recov- 
ered was industrial grade. The average 
overall recovery ratio is 1 to six million. 


World Mining. v. 3, 
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The Finsch is the first new pipe mine 
since the Premier mine was opened in 


1903.7 


Tanzania. — Williamson Diamonds, Ltd. 
and two subsidiary companies, New Ala- 
masi and Kahama Mines, Ltd., supplied 
most of the diamond production and ex- 
ports. The Government has 50 percent 
interest in this group. The company mined 
3,285,038 tons of ore which yielded 923,- 
423 carats at the Mwadui mine. Ore pro- 
duction at the New Alamasi totaled 
411,512 tons of ore which contained 
23,176 carats. The ore body was mined 
out at the Kahama Mines Ltd., and 
treatment of the stockpile began. Com- 
pletion is expected in 4 years. Williamson 
Diamond continued to look for diamond 
north of Kahama during 1967, but noth- 
ing of value was found.® 


5 Bureau of Mines. Mineral Trade Notes. v. 


64, No. 6, June 1967, p. 5. ` 
6 U.S. Embassy, Johannesburg, Republic of 
South Africa. Department of State, Airgram 
A-351, Mar. 28, 1967, p. 1. . 
7 World Mining. What's Going On in 
No. 4, April 1967, p. 41. 
8 Bureau of Mines. Mineral Trade Notes. v. 
65, No. 1, January 1968, p. 7. 


* U. S, GOVERNMENT PRINTING OFFICE : 1968 345-054/61 


Digitized by Google 


Gold 


By J. Patrick Ryan’ 


A sharp decrease in domestic gold out- 
put, attributed mainly to the copper strike, 
record industrial consumption, and a heavy 
outflow from the monetary stock following 
devaluation of the pound Sterling, featured 
the domestic gold situation in 1967. 

World production of gold decreased for 
the first time in recent years, principally 
because of falloff in output in South Africa 
coupled with production declines in Can- 
ada and the United States. 

For the second successive year, all of the 
non-Communist newly mined gold valued 


at $1,400 million went into private hold- 
ings for use in industry and the arts, in- 
vestment, and speculation. The Interna- 
tional Gold Pool had to again supply gold 
to satisfy private demand and stabilize the 
gold price just under $35.20 per ounce. 
Monetary reserves of non-Gommunist cen- 
tral banks and governments declined to 
about $41,600 million, the lowest level 
since 1962. 


1Commodity specialist, Division of Mineral 


Studies. 


Table 1.—Salient gold statistics 


1963 1964 1965 1966 1967 
United States: 
Mine production.......... thousand troy ounces. . 1,454 1,456 1,705 1,803 1,584 
U thousands.. $50,889 $50,971 $59,682 $68,119 $55,447 
Ore (dry and siliceous) produced: 
old ore thousand short tons. . 2,459 2,631 3,113 8,447 3,076 
Gold-silver ore do.... 223 224 206 248 157 
Silver ore do.... 556 542 752 669 617 
Percentage derived from— 
Dry and siliceous or es 51 54 54 58 69 
Base-metal oreg lll... 36 37 40 37 27 
e ß ee ete te 13 9 6 5 4, 
Refinery production 1 thousand troy ounces. _ 1,469 1,469 1,675 1,802 1,526 
EE do. 5,820 12,078 36,717 13,067 28,720 
Imports, general... do.... 1,281 1,169 2,905 1,200 930 
Stocks Dec. 31: Monetary 22 millions.. $15,596 $15,471 $13,806 $18,235 $12,065 
Consumption in industry and the arts 
thousand troy ounces. . 2,920 4,801 5,276 6,062 6,294 
= nee Average per troy ounce _..-.--------- $35.00 335.00 $35.00 $35.00 $35.00 
orld: 
Production thousand troy ounces.. 43,147 44,840 46,222 46,567 45,610 
Official reserves: millions $42,310 $43,060 $43,300 $43,205 $41,600 


1 From domestic ores. 
2 Includes gold in Exchange Stabilization Fund. 


3 Price under authority of Gold Reserve Act of Jan. 31, 1934. 


4 Held by free world central banks and governments. 


Legislation and Government Programs. 
—Several bills were introduced in the 1st 
session of the 90th Congress to aid the 
domestic gold mining industry. The Senate 
Subcommittee on Minerals, Materials, and 
Fuels, on February 2, held public hearings 
on bills S. 49 and S. 6151 which would 
compensate domestic gold miners for the 
increase in production costs since 1939. 


The purpose of the subsidy was to provide 
incentive for reopening some mines and 
increasing the overall production of gold. 
In the House of Representatives the Sub- 
committee on Mines and Mining, on May 
22 to 23 and June 2, held hearings on 
similar bills, H.R. 742, H.R. 3274, H.R. 
5418, and related bills, H.R. 8803 and H. 
R. 9899. H.R. 3274 and similar bills pro- 


023 


524 


vided for payments to operating mines 
ranging from 6 to 10 percent of the value 
of the bullion produced with an escalator 
clause tied to the Consumer Price Index. 
For inactive mines payments would be at 
the rate of 125 percent of bullion pro- 
duced. H.R. 8803 and similar bills provide 
for grants-in-aid to States paying gold- 
mining subsidies at the rate of 90 percent 
of the amount paid. Executive agencies 
opposed enactment of the proposed legisla- 
tion. No action on the legislation was 
taken by the full membership of the House 


and Senate. 

Bills to permit free marketing of gold 
(H.R. 3276) and to eliminate the gold 
backing of Federal Reserve notes (H.R. 
6428, S. 1983) were introduced and re- 
ferred to the respective Committees on 
Banking and Currency, and the Senate 
Committee on Finance. Bills to provide tax 
incentives to encourage gold mining (H. 
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R. 9900 and H.R. 10098) also were intro- 
duced and referred to the Committee on 
Ways and Means but no further action 
was taken on these bills. Another bill (S. 
2727) was introduced to prohibit the use 
of gold for settlement of international 
balances with France while that Govern- 
ment is in arrears in the payment of its 
obligations to the United States. 

Four contracts for gold exploration ag- 
gregating $144,240 were executed during 
the year under the financial assistance pro- 
gram administered by the Office of Min- 
erals Exploration, U.S. Geological Survey. 
The Government share of the exploration 
cost was $86,355. The U.S. Department 
of the Interior in September announced 
an increase in the Government financial 
assistance from 50 to 75 percent of the al- 
lowable costs of exploring for gold, silver, 
and certain other minerals in short supply. 

The following project contracts were 
active or in force at yearend: 


Operator Location Total cost 

High Sierra Mining E ea Orne REOR EUER mC ee ARN Sierra County, Calif.................. $25,350 
| S. Moore G..... Rio Grande ounty, Colo: cei re uc 81,680 
Ruby Silver Mines, Inne Jefferson County, [ont............... 132 800 
Frank O. Richardson San Juan County, Colo 7,300 
Continental det Geen EE Owyhee County, Idaho 61,360 
Sidney nng EE e SE 40,208 
Golden State Mining Co. ......................- Sierra County, Cali 42,100 
Douglas W. Sumner and James Andrulli........... Palmer District, Alaska 6,000 
Dickey Exploration COOOoOoꝛ . Sierra County, Cali. 81,300 
Louie Clark, Et I““““l... d Wilkes County, G aa 22, 500 
Frank R. Ramsey. d Baker County, Oreg 34 , 440 
J%0%%oũͤũ oat Ce EC aa ae me Se alee eel k ee $585 ,038 


Creation of a new form of international 
monetary reserve called “special drawing 
rights” or S.D.R.’s was authorized by the 
governing board of the International 
Monetary Fund at its annual meeting in 
Rio de Janeiro in September 1967. The 
S.D.R.’s are designed to supplement and 
lessen dependence on gold and dollars in 
balance-of-payments transactions. A de- 
tailed plan for adopting the S.D.R.’s is 
being drawn up for ultimate ratification by 
I.M.F. member countries. 

Under the U.S. Department of the In- 
teriors Heavy Metals Program, established 
in 1966 to stimulate domestic production 


of gold and other heavy metals in short 
supply the Bureau of Mines and the 
Geological Survey investigated several 
large potentially productive gold deposits. 
Bureau research on developing methods of 
reliably evaluating low-grade deposits and 
on improving extraction technology needed 
to economically exploit such deposits has 
indicated that additional quantities of gold 
may be produced through the application 
of new and better technology. The Survey, 
using advanced techniques of exploration 
and analysis, identified target areas geo- 
logically favorable for gold exploration. 


GOLD 


The Bureau of Mines completed a 3-year 
engineering and economic appraisal of 1,- 
300 known gold deposits in the United 
States which disclosed a production poten- 
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tial of more than 400 million ounces of 
gold of which 9 million ounces or 2 per- 
cent was producible under present 
economic and technologic conditions.“ 


DOMESTIC PRODUCTION 


Mine production of recoverable gold in 
the United States dropped 12 percent to 
1.6 million ounces, mainly because of the 
effects of strikes against major copper 
mining and smelting companies which 
since mid-July cut off most of the gold 
produced as a byproduct of base metals. 
Lower gold output was recorded in all 
States compared with that in 1966. In 
Nevada, production at the Carlin mine 
continued to rise but did not fully offset 
the falloff in byproduct gold output. Gold 
production from placer operations in 
Alaska and California and from lode gold 
mines in South Dakota and Washington 
declined as well as the output of byprod- 
uct gold from base metal ores in Arizona, 
Colorado, Montana, and Utah. Two 
mines, Homestake and Carlin, contributed 
nearly two-thirds of the total U.S. gold 
production. At least four gold mining 
operations, including the Gold King, 
Getchell, and Chicken Creek, ceased opera- 
tions in 1967 leaving only three significant 
lode and two placer mines still operating. 

American Exploration and Mining Co. 
announced that exploration of a gold de- 
posit near Cortez, Nev., had indicated 
about 3 million tons of open-pit ore con- 
taining 0.3 ounce of gold per ton. 

Homestake Mining Co. reported that 1.9 
million tons of ore was treated in 1967 at 
its Homestake mine in Lead, S. Dak., from 
which 601,783 ounces of gold and 121, 
258 ounces of silver valued at $21.2 mil- 
lion was recovered. Although ore milled 
and gold output dropped slightly, the re- 
covered value increased to $11.18 per ton 
compared with $10.64 in 1966. Metal- 
lurgical recovery dropped slightly to 95.2 
percent. Production costs were about 
$31.50 per ounce, down moderately from 
the 1966 level. Measured ore reserves at 
yearend totaled 13.3 million tons averag- 
ing 0.319 ounce ($11.12) of gold per ton, 
a net decrease of 1.9 million tons for the 
year.’ 


The Carlin Gold Mining Co. reported 


that gold production at its Carlin mine, 
near Carlin, Nev., increased to 337,000 
ounces compared with 261,000 ounces in 
1966, the first full year of operation. Tons 
of ore milled decreased appreciably but 
average grade increased from 0.33 to 0.48 
ounce of gold per ton. Ore reserves at 
yearend were 7.3 million tons compared 
with 8.4 million tons in 1966. The company 
installed mercury retorts to treat gold 
precipitates for recovery of byproduct 
mercury, which occurs in minute quantities 
in the ore. 

At the Mayflower mine in the Park City 
district, Utah, operated by Hecla Mining 
Co., gold .output increased 5 percent to 
nearly 65,000 ounces. Average grade of ore 
produced was 0.57 ounce of gold per ton, 
4.7 ounces of silver per ton, 4.5 percent 
lead, 4.0 percent zinc, and 0.9 percent 
copper. Estimated ore reserves decreased to 
331,000 tons at yearend compared with 
385,000 tons at the beginning of the year.* 

United States Smelting, Refining and 
Mining Co. operated two dredges in 
Alaska under normal conditions—one at 
Chicken Creek and one at Hogatza. Gold 
production was down 31 percent to 10,221 
ounces. However, dredging operations at 
Chicken Creek became economically un- 
feasible and were discontinued. The com- 
pany planned to continue dredging opera- 
tions at Hogatza.* 

The 25 leading gold producers contribut- 
ing nearly all of the domestic output in- 
cluded 5 lode gold mines, 1 gold-silver 
mine, 3 placer mines, 12 copper mines, 2 
copper-lead-zinc mines, and 2 lead-zinc 
mines. 

Approximately 3,000 persons were em- 
ployed in the gold mining industry in 1967. 


2 Bureau of Mines Field Staff. Production 
Potential of Known Gold Deposits m e United 
States. Inf. Cire. 8331, 1967, pp. 

3 Homestake Mining ‘Co. 90th eer Report. 
Dec. 31, 1967, p.5. 

4 Hecla Mining Co. 70th Annual Report. Dec. 
31, 1967, pp. 10, 13. 

5 United States Smelting, Refining and Mining 
Co. Annual Report. 1967, p.18. 
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Figure 1. — Gold production in the United States. 


CONSUMPTION AND USES 


Domestic consumption of gold in fab- 
ricating various industrial and artistic 
products increased about 4 percent to 
about 6.3 million ounces, a record high for 
the fourth consecutive year. 

Data compiled by the Office of Gold 
and Silver Operations, U.S. Department of 
the Treasury, indicate that about 70 per- 
cent of the gold sold or conveyed to man- 
ufacturers was used for jewelry, decorative, 
and dental products; the remainder was 
used chiefly in electrical and electronic 
components and other industrial products, 
including defense and aerospace equip- 
ment. 

In the past 5 years consumption of gold 
has increased 80 percent. Gold has become 
increasingly important in subminiature and 
microminiature circuitry for computers 


and sophisticated electronic installations. 
Glass container manufacturers and pack 
agers are using increasing amounts of 
decorative gold to augment sales. 

A study of the environmental effects 
upon connectors has confirmed that gold, 
usually in electroplated form, is the best 
general purpose material now available 
for contacts in corrosive environments 
such as those containing high levels of 
chlorine and ozone, sulfur dioxide, alde- 
hyde or hydrogen sulfide. 

The increasing application of gold in 
communications, electronics, and aerospace 
is based mainly on such outstanding 
properties as high electrical conductivity, 
high light and heat reflectivity, and 
superior malleability and corrosion resist- 


GOLD 


ance. In the telephone industry gold is 
commonly used for coating contact points 
in electromechanical switchgear and other 
components of the instrument. In com- 
puters gold alloys are used for cladding 
metal tapes. The use of gold and other 
precious metal alloys in electroplated 
printed circuits for many industrial appli- 
cations continued to grow. Gold-alloy con- 
tacts in many types of household appli- 
ances and in voltage regulators for the 
automotive industry give higher perform- 
ance and longer life. 

A new magnet alloy containing 6 per- 
cent gold was developed at Bell Telephone 
Laboratories for use in computer mem- 
ories. The gold enables the magnet’s 
coercive force to be controlled by heat- 
treatment during production to any de- 
sired value within a range of 10 to 20 
oersteds. 

Westinghouse Electric Corp. developed 
a new process using gold and titanium 
films which increases substantially the re- 
liability of integrated circuits. Essentially, 
the new technique is a three-step process 
which “seals” the integrated circuit more 
effectively against its environment, against 
chemical instability, and against certain 
internal electrical changes. 

A gold grid was used in a high-speed 
electronic tester to determine the water 
vapor transmission rate through a variety 
of thin materials. As a sensor, the thin 
gold grid was embossed on a piece of 
transparent plastic and covered with a 
humidity-sensitive film. The electrical re- 
sistance of the gold grid varies inversely 
with the humidity. The device reduces the 
required testing time from days to min- 
utes and requires a minimum of skill to 
operate. 

Gold plating helped to achieve low 
power loss and light weight requirements 
in an electrothermal attitude control 
thruster for a nuclear detection satellite. 
The highly reflective plated surface on 
structural components reduces thermal 
radiation loss. 

Tiny gold whiskers, only one-tenth the 
diameter of a human hair and about 0.010 
inch long, vibrating like tuning forks, now 
make it possible to “tune” integrated cir- 
cuits to a narrow band of frequencies and 
reject all others. This selectivity is a basic 
requirement of radio equipment and other 
electronic devices. These new transistors 
with vibrating whiskers have covered fre- 
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quencies from about 10 to 100 kilocycles 
per second. 

An efficient spray-process gold called 
the “Enplate” Lockspray-Gold Process, 
developed by Lockheed Missiles and Space 
Co., reduced fabrication costs and in- 
creased in-flight temperature control effi- 
ciency of the Gemini spacecraft. The gold 
film is applied by simultaneously spraying 
on two water base solutions, one contain- 
ing gold in solution and the other a chemi- 
cal reducing agent. The solutions react to 
form tiny gold crystals which adhere to 
the substrate to form a protective coating. 
The firm reported that a 0.000004-inch 
thick spray-on coating would reflect more 
than 60 percent of the sun’s heat energy 
admitted through a glass window, thus 
reducing air conditioning costs and pro- 
viding “special” decorative appearance. 
Apart from its usefulness in the space 
program, the process is finding applica- 
tions in the production of such articles as 
one-way mirrors, electronics equipment, 
instrumentation, automatic data processing 
equipment, and in commercial architec- 
ture. 

Gold-nickel alloys containing 82 percent 

gold and 15 percent nickel were used to 
secure leakproof joints in lightweight 
tubular systems for aerospace vehicles. The 
technique developed by Aeroquip Corp., 
uses induction heating to produce the 
brazing temperatures required. NASA en- 
gineers reported that this technique pro- 
duced a highly reliable, lightweight tubing 
joint, solving many problems in joining 
light tubing. 
A gold brazing alloy, 82Au18Ni, used 
for ceramic-to-metal joints in electronic 
tubes also was used in the form of custom- 
made brazing rings by Aeroquip Corp. for 
joints in various tubular fittings of the 
Gemini capsule. The gold-nickel alloy has 
good wetting characteristics and flowability 
and produces exceptionally strong joints 
with high resistance to oxidation and 
corrosion. The alloy was specified for the 
Apollo and other space vehicles. 

Gold transfer tape for coating refrac- 
tory nonconductors was developed by Vitta 
Corp. The new tape consists of a gold 
layer incorporating glass-flux materials. The 
gold layer is attached temporarily to a 
plastic carrier film with a special adhesive. 
During the subsequent firing procedure, 
the organic binders decompose and a uni- 
form and firmly bonded gold layer re- 
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mains on the refractory material. 

A thin layer of gold on high-strength 
steel was found to protect the steel from 
hydrogen embrittlement during cadmium 
plating. The coating can eliminate the 
costly baking process normally required 
to remove the hydrogen from metal used 
in fabricating aircraft parts. 

In fabricating a new planar triode tube, 
Machlett Laboratories used a thin coating 
of 24K gold on all exposed surfaces as 
well as on the fine tungsten wire mesh 
inside the tube. The outside coating per- 
mits soldering to circuit units. The 
microscopically thin coating on the grid 
which operates at temperatures above 
1,500°F, suppresses electron emission. 

Platinum sheathed gold seeds less than 
0.1 inch in length were used in the radio- 
active treatment of cancer. The radioac- 
tive gold is totally encapsulated in pure 
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platinum which screens certain harmful 
radiation products while permitting bene- 
ficial gamma rays to pass through and 
destroy malignant tissue. 

Bright gold, a form of liquid gold de- 
veloped for application over organic colors, 
may find increased use by cosmetic manu- 
facturers in a wide range of decorative 
organic colors. 

Gold-plating stainless steel liquid helium 
containers reduced losses of helium to 
less than 1.5 percent daily in 500-liter 
systems designed for air shipment. 

A gold-plated titanium shield was de- 
veloped to reflect fuel-element heat away 
from the Apollo spacecraft and help main- 
tain the thermal balance inside the lunar 
module. The gold is plated over a diffusion 
barrier to impede the interdiffusion of 
gold and titanium and preserve the criti- 
cal thermal] rejection capability. 


MONETARY STOCKS 


The total U.S. gold stock, including 
gold in the Exchange Stabilization Fund, 
fell $1,170 million to $12,065 million at 
yearend, the lowest level since May 1937. 
Most of the gold outflow represented sales 
to foreign countries during the last 2 
months following devaluaticn of the 
British pound. The 1967 gold loss was 
about twice that in 1966. The US 
balance-of-payments deficit to which gold 
losses are closely related, measured on a 
liquidity basis, was $3,575 million, about 
$2,218 million more than in 1966. 

The $12,065 million U.S. gold reserve 
represented 27.1 percent of the Federal 
Reserve note hability compared with $13,- 
235 million or 31.5 percent at the end of 
1966. About $10,600 million, representing 
the 25-percent statutory requirement, was 
held as backing for the Federal Reserve 
notes, 

Gold reserves of non-Communist central 
banks and governments and international 
banking institutions at yearend were esti- 
mated at $41,600 million compared with 
$43,205 million at yearend 1966. This 
was the second successive drop in official 
reserves in recent years, indicating that 


gold was being withdrawn from monetary 
reserves to supplement new production in 
meeting private demand. 

The U.S. reserve of $12,065 million 
constituted about 29 percent of the total 
official non-Communist gold reserve com- 
pared with 31 percent a year ago. Gold 
reserves of other principal non-Communist 
countries at yearend, in million dollars, 
were as follows: France, $5,234; West 
Germany, $4,228; Switzerland, $3, 089; 
Italy, $2,400; Netherlands, $1, 711; Bel- 
gium, $1,480; United Kingdom, $1,291; 
and Canada, $1,015. The International 
Monetary Fund's gold reserve was $2,682 
million.’ 

U.S. short-term liabilities to foreign in- 
terests payable in dollars, reported by 
banks in the United States, increased 
$3,285 million to $30,295 at yearend, re- 
flecting the increase in the U.S. balance- 
of-payments deficit. These liabilities were 
potentially convertible into gold. More 
than one-half of the total liabilities were 
payable to West European countries. 


6 Federal Reserve Bulletin. V. 
May 1968, pp. A-69 to A-79. 
7 See work cited in footnote 6. 
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Figure 2.—Gold reserves of non-Communist central banks and Governments. 


PRICES 


Virtually all newly mined gold contin- 
ued to be bought and sold either by re- 
finers and dealers under license by the 
U.S. Department of the Treasury or by 
the Treasury itself through the Bureau 
of the Mint at the base price of $35 per 
ounce established by the Gold Reserve 
Act of 1934. The U.S. policy of purchas- 
ing all gold offered and redeeming dollars 


offered by foreign central banks and gov- 
ernments at $35 per ounce, establishes the 
official world price of gold. 

Prices for bar gold fluctuated on the 
London gold market between $35.158 and 
$35.196 per ounce. In other gold markets 
of the world, price quotations were con- 
siderably higher than at London, reflecting 
local political conditions and unofficial ex- 
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change rates. Average prices at yearend 
in these markets were substantially higher 
than a year ago, ranging from $35.95 at 
Beirut; $36.50 at Paris; $42.50 at Hong 
Kong; to $57.50 at Bombay. 

Devaluation of the pound Sterling on 
November 18 sparked an upsurge in gold 
speculation and hoarding against the threat 
of further international crisis and currency 
devaluations. The International Gold Pool 
was forced to supply gold to satisfy the 
private demand and maintain the price of 
gold near $35 per ounce. For the second 
consecutive year, no gold sales by the 
U.S.S.R. were reported. 

Premiums on gold coins over their gold 
content increased substantially during the 
year. At yearend premiums quoted by a 
leading London bullion broker ranged from 
2514 percent on Mexican 50-peso cente- 
narios to 153 percent on U.S. 5-dollar half 
eagles. Premiums on Queen Elizabeth 
sovereigns, U.S. 10-dollar eagles, 20-dollar 
double eagles, and 20-franc Napoleons 
were approximately 22, 62, 47, and 59 
percent, respectively. 

Government officials on several occa- 
sions reaffirmed the intention of the 
United States to maintain the price of gold 
at $35 per ounce and to continue the 
convertibility of the dollar into gold at 
that price. 

Concerning the official price of gold, 
the U.S Department of the Treasury is- 
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sued the following statement in January 
1967 in response to press reports from 
Paris suggesting that study be given to 
raising the price of gold as one of the 
means of meeting international liquidity 
needs. 


“The price of gold is determined 
by its relationship to the United 
States dollar. This relationship has 
been fixed at $35 per ounce since 
1934, and will remain there. Any sug- 
gestion that the price of gold be 
raised—either to meet needs for addi- 
tional international liquidity or for 
any other reason—is completely un- 
acceptable to the United States. 
Future international monetary ar- 
rangements must be based on this 
fact. This has been made clear to 
French financial authorities.” 


At the annual meeting of the Interna- 
tional Monetary Fund in September 1967, 
Secretary Fowler stated with reference to 
the price of gold and convertibility: 


* . Nothing in the new arrange- 
ments on liquidity is designed to alter 
the present relationship between gold 
and the dollar. The United States’ 
commitment to the convertibility of 
the dollar into gold at $35.00 an 
ounce remains firm. This has been, 
and will continue to be a central fac- 
tor in the monetary system. 


FOREIGN TRADE 


The heavy outflow of gold in December, 
reflecting extraordinary heavy demand in 
the London market following devaluation 
of the pound Sterling, changed the net- 
import trade pattern of the first 11 months 
to a net-export situation for the year. For 
the 12-month period net exports (exports 
less imports) of 27.8 million ounces were 
the highest since 1965 and marked the 
seventh consecutive year that exports ex- 
ceeded imports. Nearly all of the total 
gold exported went to the United King- 
dom. 

Tariff rates on gold in plated, semi- 
fabricated, and compound forms were 


lowered in accordance with Kennedy 
Round trade negotiations, The new rates 
effective January 1, 1968 are as follows: 


Rate, 
TSUS1 No. Item Percent 2 
605.46-605.47 — F 29-45 
old. 
605.60—605.66 Rólled semimanu- 18. 5-36 
factured gold. 
418.80 & 427.28 Gold compounds. ..... 9 


1 Tariff Schedules of the United States. 
2 Ad valorem. 
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Figure 3.—Net exports or imports of gold. 


WORLD REVIEW 


World gold production after increasing 
for 13 consecutive years decreased about 2 
percent to 45.6 million ounces valued at 
$1,596 million in 1967. Lower output in 
South Africa, the United States, Australia, 
and Canada was not fully offset by pro- 
duction gains in the U.S.S.R., Ghana, and 
the Philippines. 

Non-Communist industrial consumption 
of gold, continuing the rising trend of 
recent years, was estimated at 18 million 
ounces, about 45 percent of production. 


Australia.—Mine production of gold 
dropped 12 percent to 810,418 ounces. 
Western Australia, the major producing 


State, accounted for 72 percent of the 
total. Queensland and Northern Territory 
accounted for 12 and 9 percent, respec- 
tively, and other States the remaining 7 
percent. About 80 percent of the total 
output came from gold ores; the remain- 
der was recovered from copper and other 
base metal ores. Under the Gold Mining 
Assistance Act subsidy payments up to $8 
per ounce were paid. The total subsidy 
paid in 1967 was $3.86 million. Gold 
mining income is exempt from income tax 
in Australia, Papua, and New Guinea. 
According to the 1966 census, a total of 
179 gold mines employed 4,447 persons. 
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Figure 4. World production of gold. 


Canada. — Gold production continued to 
decline for the seventh consecutive year, 
dropping 10 percent to 3.0 million ounces 
valued at 8115 million in 1967. Canada 
continued to rank as the third largest gold- 
producing country, exceeded only by South 
Africa and the Soviet Union. The average 
price per ounce paid by the Canadian mint 
in 1967 was Cang 37.75, about the same 
as in the preceding 2 years. 

Five lode gold mines with a combined 
annual production of 145,000 ounces 


closed or were scheduled to close in 1967 
or early in 1968 as minable ore reserves 
were depleted. At yearend only 33 lode 
gold mines were operating. All but three 
of the lode gold mines operating in 1967 
received cost-aid under provisions of the 
Emergency Gold Mining Assistance Act. 
The Act, due to expire at yearend 1967, 
was extended with the same provisions for 
an additional 3 years. 

Geographic distribution of gold pro- 
duction in Canada follows: 


GOLD 


' ` Troy ounces 
Province or Territory — 


1966 1967 

Atlantic Provinces........ 27,321 26,911 
uebec.... . .  . 933,856 830,912 
Ontario 1,640,069 1,500,149 
Prairie Provinces... ...... 99,64 97,995 
British Columbia 118,898 121,191 
Yukon.................. 42,061 14,216 
Northwest Territories 412,059 370, 625 
Total 8,273,905 2,961,999 
Source: Dominion Bureau of Statistics. V. 37, 


No. 12, 1967. 


Placer gold output dropped sharply due 
to the termination late in 1966 of dredg- 
ing operations by Yukon Consolidated 
Gold Corp. which had accounted for most 
of the placer gold production. Byproduct 
gold from base-metal mines constituted 
about 18 percent of the total gold recov- 
ered. Average employment in lode gold 
mines was about 10,300 persons. 

Kerr-Addison Mines Ltd. reported a 6- 
percent increase in gold output, the first 
production gain since 1960. From 517,240 
tons of ore milled, 199,245 ounces valued 
at Can$7.5 million were recovered. A 
slight decrease in tonnage milled was more 
than offset by an increase in the grade of 
ore treated which averaged 0.394 ounce 
($13.78) per ton, compared with 0.357 
ounce ($12.51) per ton in 1966. Operat. 
ing costs increased $0.93 to $11.62 per 
ton, mainly because of the decrease in 
tons milled and the increased tonnage 
being mined by higher cost square-set and 
undercut-and-fill methods. Ore reserves 
at yearend declined to 3.75 million tons, 
averaging 0.45 ounce of gold per ton com- 
pared with 4.19 million tons averaging 
0.43 ounce per ton per year earlier.? 

Hollinger Consolidated Gold Mines Ltd. 
reported that the value of bullion pro- 
duction from the Hollinger and Ross mines 
declined from $8.0 million in 1966 to $5.7 
million in 1967. Financial assistance under 
the Emergency Gold Mining Assistance 
Act (EGMA) totaled $1.5 million com- 
pared with $1.6 million in 1966. Operat- 
ing loss before taxes, depreciation, and 
EGMA payments totaled $1.0 million for 
the combined operations. Ore miiling and 
employment rates dropped to 1,500 tons 
and 550 persons, respectively, as salvage 
operations neared completion.? 

Giant Yellowknife Mines Ltd., Canada’s 
leading gold producer, reported a signifi- 
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cant decline in tons of ore milled and gold 
produced. The company milled 331,922 
tons, averaging 0.67 ounce ($23.45) per 
ton yielding 196,979 ounces of gold and 
23,102 ounces of silver with a total value 
of $7.3 million. Percentage of gold re- 
covery dropped slightly to 88.6. Operating 
costs were up $2.09 to $15.60 per ton. 
Reserves of developed ore at the Giant 
and contiguous mines at yearend were 2.04 
million tons, averaging 0.70 ounce per ton 
compared with 2.52 million tons averag- 
ing 0.67 ounce per ton in 1966. The lower 
tonnage mined and treated during the year 
was principally due to a critical shortage 
of labor.!? 

Dome Mines Ltd. reported small gains 
in gold production at its Dome and Camp- 
bell Red Lake mines. At the Dome mine 
the company milled 708,800 tons yielding 
179,347 ounces valued at $6.84 million. 
Dome mine ore reserves were estimated at 
2.03 million tons averaging 0.27 ounce 
per ton compared with 2.21 million ounces 
of the same grade at the end of 1966. 
Financial aid was provided under the 
EGMA. Campbell Red Lake mines milled 
261,408 tons of ore averaging 0.66 ounce 
of gold per ton y:elding 173,451 ounces 
of gold valued at $6.65 million. Estimated 
ore reserves at Campbell at yearend 
totaled 1.28 million tons averaging 0.69 
ounce per ton, an increase of 40,000 tons 
over last year. Metallurgical recovery was 
92.8 percent. Operating costs were $10.46 
per ton milled. 


Colombia.— International Mining Corp. 
reported production. from its dredging 
operations and its underground mine 
totaled 109,039 ounces, an increase of 6 
percent from 1966. Three dredges in the 
Department of Choco operated normally 
and one in Narino had its first full year of 
production following extensicn of its dig- 
ging ladder. About 16.5 million yards were 
dredged. Developed reserves at yearend 
were 173.2 million cubic yards averaging 
17.2 cents per yard compared with 145.9 
million yards averaging 15.7 cents per yard 
at the end of 1966. Underground reserves 
at the Frontino mine declined 21,000 
ounces to 133,000 tons averaging 0.89 


8 Kerr-Addison Mines Ltd. Annual Report. 
1967, 16 pp. 

9 Hollinger Consolidated Gold Mines Ltd. 
Annual Report. 1967, pp. 6, 18. 

10 Giant Yellowknife Mines Ltd. 
Report. 1967, pp. 3-5. 
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ounce per ton, which was mainly due to 
curtailment of development following an 
earthquake which caused flooding of the 
lower levels. 

Pato Consolidated Gold Dredging Ltd., 
controlled by International Mining Corp., 
reported a 2-percent drop in gold output 
to 88,465 ounces. The company dredged 
26.6 million cubic yards, averaging 12.6 
cents per yard compared with 28.1 million 
yards averaging 12.1 cents per yard in 
1966. Five large bucket line dredges were 
operated in the Nechi River valley during 
the year. At yearend, total workable re- 
serves, both fully developed and partially 
developed, were 284.7 million tons averag- 
ing 16.0 cents per cubic yard. 


Ghana.—Gold production, reversing the 
declining trend of the preceding 3 years, 
increased 11 percent. 

Ashanti Goldfields 
country’s largest gold producer, reported 
gains in tons of ore treated and in gold 
recovered but a drop in average yield per 
ton. In the year ending September 30, 
1967, about 545,300 tons of ore averaging 
0.98 ounce per ton, was treated yielding 
473,200 ounces of gold. Percentage re- 
covery dropped slightly to about 89 per- 
cent. Ashanti’s ore reserves dropped 
moderately to 3.42 million tons with an 
average grade of 1.03 ounces per ton. Ap- 
proximately 4,800 persons were employed.“ 


South Africa, Republic of.—Output of 
gold from South African mines dropped 
slightly in 1967 after 15 consecutive years 
of rising production. Output was down 1 
percent to 30.5 million ounces valued at 
$1,069 million. South Africa contributed 
77 percent of the total non-Communist gold 
production in 1967. Working costs con- 
tinued to rise and working profits declined. 

All but one of the 49 gold producing 
mines that were members of the Transvaal 
and Orange Free State Chamber of Mines 
were primary gold mines, the other was 
essentially a uranium producer. Total ore 
milled was 77.5 million tons averaging 0.39 
ounce per ton. Áverage working cost was 
$8.51 per ton and working profit was 
$5.39 per ton milled. Five mines, Riet- 
fontein Consolidated, Van Dyk Consoli- 
dated, New Kleinfontein, Randfontein, 
and Daggafontein, ceased operations dur- 
ing the year. 

Total payable ore reserves declined 6.9 
million tons to 167.0 million tons but aver- 


Corp. Ltd., the 
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age grade increased slightly to 0.47 ounce 
per ton. The average number of employees 
in the gold mining industry in 1967 was 
42,296 whites and 361,893 non-whites, a 
decline of 1,143 and 8,576, respectively. 

Anglo American Corporation of South 
Africa Ltd. reported that its group of 
mines produced 12.11 million ounces of 
gold, about the same as in 1966, represent- 
ing nearly 40 percent of South African 
gold production and nearly 30 percent of 
the world production, excluding Com- 
munist countries. Production from the seven 
Orange Free State mines of the group, 
although slightly lower than in 1966, again 
exceeded 8 million ounces, representing 66 
percent of the group’s output. Production 
increases at President Brand and Free 
State Saaiplaas partially offset lower out- 
put at Western Holdings, Welkom, Free 
State Geduld Mines Ltd., and Freddies. 
Gold production at the Transvaal mines 
of the group was virtually the same as in 
1966. Higher output by Vaal Reefs, West- 
ern Reefs, and Western Deep Levels more 
than offset the decline in production at 
East  Daggafontein and Daggafontein 
mines. Tons milled and yield per ton at 
Western Deep increased slightly to 3.1 
million and 10.16 Pennyweight (dwt) 
(0.51 ounce). Ore reserves increased 0.3 
million tons to 5.1 million tons but average 
grade dropped slightly to 561 inch-dwt, 
equivalent to 0.67 ounce per ton across a 
42-inches stoping width. In addition, the 
ore reserve averaged 16.5 inch-pounds of 
uranium oxide. Vaal Reefs milled 2.3 mil- 
lion tons of ore yielding 9.71 dwt per ton 
(0.48 ounce), about the same as in 1966. 
Ore reserves dropped slightly to 6.6 mil- 
lion tons averaging 469 inch-dwt (about 
0.56 ounce across 42 inches) and 32.5 
inch-pounds of uranium oxide. 

Free State Geduld Mines Ltd. milled 
1.91 million tons yielding 20 dwt (1.00 
ounce) per ton, a slight gain in tonnage 
but a slight drop in grade. The ore reserve 
was 5.1 million tons with an average yield 
of 1,170 inch-dwt (1.40 ounces) across 
42 inches. At Welkom mine, 2.2 million 
tons was milled with an average yield of 
6.72 dwt (0.33 ounce) per ton, about the 
same tonnage but a slightly lower grade. 
The yearend ore reserve was 5.5 million 
tons with an average grade of 260 inch- 
dwt (18 inch-ounces) compared with 5.3 


11 Ashanti Goldfields Corp. Ltd. 71st Annual 
Report, 1967, pp. 15-20. 
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million tons averaging 383 inch-dwt (19 
inch-ounces) at the end of 1966.” 

General Mining and Finance Corpora- 
tion, Ltd., reported that Buffelsfontein, the 
largest of its group of gold mines, milled 
2.7 million tons of ore averaging 0.46 
ounce per ton at a unit working cost of 
$9.91 compared with 2.6 million tons 
yielding 0.45 ounce at a cost of $9.34 per 
ton in 1966. Ore reserves totaled 6.6 mil- 
lion tons averaging 0.51 ounce per ton 
across a stoping width of 54 inches. At 
Stilfontein 2.0 million tons was treated 
yielding 0.38 ounce per ton. Working costs 
per ton were $11.62, ore reserves totaled 
3.7 million tons averaging 0.44 ounce per 
ton across 41.8 inches.“ 

Union Corp. Ltd. reported that the 
quantity of ore milled by its group of gold 
mines totaled 11.7 million tons which 
yielded 3.6 million ounces compared with 
12.1 million tons and 3.8 million ounces 
in 1966. Ore reserves at yearend dropped 
3.3 million to 30.1 million tons averaging 
0.37 ounce ($13.12) per ton. At East 
Geduld, tons milled dropped to 979,000 
but average yield per ton increased slightly 
to 0.21 ounce per ton ($7.42); working 
costs per ton remained virtually unchanged 
at $6.23. The ore reserve in the Main and 
Kimberley Reefs was 450,000 tons averag- 
ing 0.24 ounce per ton across 64 inches, 
and 450,000 tons averaging 0.21 ounce 
across 47 inches, respectively. Grootvlei 
Propnietary milled 2.5 million tons of ore 
yielding 0.095 ounce ($4.32) per ton at 
a unit cost of $5.00. Operations were 
gradually being curtailed as ore reserves 
continued to decline and working costs 
continued to rise. At yearend ore reserves 
in the Main Reef were 2.2 million ounces 
averaging 9.20 ounce per ton across 51 
inches; on the Kimberley Reef the ore re- 
serve was 1.6 million ounces averaging 0.23 
ounce across 48 inches. St. Helena Mines 
reported virtually no change in tons milled 
and yield per ton at 2.4 million and 0.45 
ounce, respectively. Unit working costs 
advanced 10 cents to $6.50 per ton. Ore 
reserves increased 400,000 tons to 9.5 
million tons averaging 0.52 ounce per ton 
across 59 inches. Bracken Mines treated 
1.1 million tons yielding 0.46 ounce 
($16.10) at a working cost of $7.76, only 
a slight change from 1966 operating re- 
sults. Development footage was reduced 
7,000 feet to about 39,000 feet and about 
9,000 feet was sampled of which 52 per- 
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cent proved payable at an average of 360 
inch-dwt. Ore reserves remained un- 
changed at 3.0 million tons but average 
grade was down slightly to 0.47 ounce per 
ton across 38 inches. At Winkelhaak, 
a record tonnage of 1.7 million tons was 
treated. Working costs were reduced 18 
cents to $7.35 per ton but average yield 
declined slightly to 0.30 ounce per ton. 
Development footage was reduced 7,670 
feet to 52,255 feet and 13,020 feet was 
sampled of which 49 percent proved pay- 
able at an average of 383 inch-dwt. The 
ore reserve at yearend remained unchanged 
at 5 million tons but average grade de- 
clined slightly to 0.30 ounce per ton across 
a 57-inch stoping width.“ 

Consolidated Gold Fields of South 
Africa Ltd. reported that its group of nine 
operating mines produced mo:e than 5 
million ounces of gold, equivalent to 17 
percent of the total output of gold in South 
Africa. Average yield per ton of ore in- 
creased and working profit from gold in- 
creased nearly 5 percent. Four of the 
group’s producing mines on the West Wits 
line—West Driefontein, Doornfontein, 
Libanon, and Yenterpost—contributed 
more than 94 percent of the working prof- 
it. The increase in working costs was 
partially offset by increased productivity 
due to improved technology. Borehole ex- 
ploration east and southeast of West Drie- 
fontein confirmed the area is underlain by 
gold-bearing reefs. Feasibility studies of 
the area were completed and financial and 
technical discussions initiated. 

West Driefontein, the world’s largest 
gold mine, produced 2.4 million ounces of 
gold, a new record output. Development 
and installation of production equipment 
was nearly completed at Kloof, the group’s 
new mine on the West Wits line. Shaft 
sinking was retarded by water inflow and 
heavy ground; trial milling was scheduled 


to begin by yearend, and the target milling 
rate of 100,000 tons per month is expected 
to be reached in the second half of 1968. 
About 80 percent of the development 
footage sampled proved to be payable at 
an average grade of 741 inch-dwt.5 


12 Anglo American Corporation of South 
Africa Ltd. 5ist Annual Report. 1967, pp. 13, 
14, 56, 59. 

13 General Mining and Finance Corporation, 
Ltd. Annual Report. 1967, p. 4. 

14 Union Corp. Ltd. Report and Accounts 
for the Year Ended 31 Dec. 1967. Pp. 25-31. 

15 Consolidated Gold Fields of South Africa 
Ltd. 80th Annual Report. 1967, pp. 21, 22. 
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U.S.S.R.—Although quantitative data 
are not published, available information in- 
dicates that gold production in the 
U.S.S.R., the second-ranking gold-produc- 
ing country, continued to increase. Devel- 
opment of major auriferous deposits at 
Muruntau Mountain in Uzbekistan ad- 
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vanced in preparation for full-scale produc- 
tion. Also, large potentially productive 
gold-bearing deposits in Armenia were re- 
ported to be under development. At least 
two-thirds of the estimated U.S.S.R. gold 
production is believed to be from placer 
operations. 


TECHNOLOGY 


Under the U.S. Department of the 
Interior Heavy Metals Program to increase 
the domestic production of gold, the Geo- 
logical Survey conducted a wide variety of 
field and laboratory studies of gold oc- 
currences to improve capabilities for dis- 
covering concealed ore deposits and to 
develop more accurate and rapid analytical 
methods for detecting small amounts of 
gold. The Bureau of Mines conducted 
research on developing methods of reliably 
evaluating large currently submarginal but 
potentialy productive deposits and on 
developing more efficient mining systems 
and extraction methods aimed at lowering 
exploration and production costs. 

The Mining & Research laboratory of 
the South African Chamber of Mines re- 
ported progress in developing a rock cutter 
which can selectively mine narrow gold- 
bearing seams without the u e of explo- 
sives. Tests of a prototype machine by 
I. uipaardsvei Estate & Gold Mining Co., 
Ltd., on the West Rand May, if successful, 
may lead to a continuous cycle of mining, 
diminished rock pressure at the face, re- 
duced heat, and alleviation of ground 
support problems. 

The new rock cutter consists essentially 
of two chisels with extremely hard tips 
which plane a % inch slot above and 
below the reef to a depth of about 12 
inches over a distance of about 10 feet. 
The reef is then displaced by wedging with 
a pneumatic breaker. After the reef is re- 
moved, the chisels are adjusted and cuts 
made in the hanging and footwalls to pro- 
vide stoping width to take the machine 
forward for the next series of cuts and for 
cleaning and support installation. 

Use of raise borers in South African 
gold mines sharply reduced the time and 
labor required in cutting ore passes and 
decreased operating hazards. A pilot drill 
hole bored between levels 300 feet apart 
was reamed to 4 feet in diameter, re- 
quired for the ore pass. 

The Bureau of Mines developed an 


organic reagent for leaching gold ores which 

contains a nitrile group that does not 
hydrolyze to form free cyanide. Laboratory 
tests using malanonitrile indicate that ex- 
traction of gold from a carbonaceous ore 
was substantially increased compared with 
extraction obtained with sodium cyanide, 
the standard extractant of the industry. 
Bureau reseach also indicates that car- 
bonaceous ore may be rendered nonre- 
fractory and gold extraction thereby in- 
creased by oxidation of absorptive com- 
ponents using such combinations as 
ozone—H;SO,, NaOCl, and Cle or other 
oxidizing systems. The chemical oxidation 
technique may become the basis of a 
practical solution to the carbonaceous 
problem. 

The Canadian Mines Branch investiga- 
tion of the potential economic advantages 
of recovering gold from cyanide pulps by 
resin-in-pulp (RIP) techniques disclosed 
that appreciable savings over conventional 
cyanidation treatment costs could be 
achieved. The practical application for 
gold recovery will depend partly on the 
physical stability of the RIP resins and 
comparison of the cost of an ion-exchange 
plant with the cost of a conventional thick- 
ening, filtering, clarification, and zinc pre- 
cipitation plant. Other potentia] RIP tech- 
nique advantages include: High purity of 
gold bullion, recovery of base metals, and 
a clean effluent. 

In the new highly automated mill of 
West Driefontein Gold Mines in the 
Republic of South Africa, rod and pebble 
mill input of new feed and moisture is 
regulated automatically by a gamma ray 
source which controls the cyclone spigot 
orifice. The automatic controls permit the 
entire grinding circuit, including five 9- 
by 12-foot rodmills and twenty 8- by 20- 
foot secondary pebble mills, to be operated 
by 12 men, 2 whites and 10 non-whites 
per shift. 

An analytical technique for determining 
the presence of gold and silver in billionths 
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of a gram quantities in geologic materials 
was developed by Geochemical Systems 
Company. Such sensitive analyses are 
achieved by combining solvent extraction 
techniques and atomic absorption spectros- 
copy. As little as 10 parts per billion of 
gold and 5 parts per billion of silver can 
be detected. The new analytical capabilities 
have greatly facilitated geochemical ex- 
ploration for gold and silver. 

A new technique of continuous selective 
plating of electronic components, devel- 
oped by Burton Research Laboratories, was 
reported to effect substantial savings in 
gold requirements. The technique, called 
zone-controled deposition, permits the 
selective application of gold or other pre- 
cious metals in bands of any width and 
thickness on any area of strip without 
masking. If an integrated circuit is plated 
before it is stamped, gold savings can be 
as high as 85 to 90 percent. The proprie- 
tary process also is applicable to semicon- 
ductors, connectors, and other electronic 
components. 

Enstrip AU-78, a metal stripper which 
removes gold from steel, nickel, copper, 
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and copper alloys by immersion, was devel- 
oped by Enthone, Inc., a subzidiary of 
American Smelting and Refining Company 
(Asarco). The AU-78 is particularly useful 
in stripping gold from parts such as printed 
circuit boards where both copper and 
nickel are exposed to the stripping solu- 
tion. The solution will strip up to 1 troy 
ounce of gold per gallon of solution at a 
rate of ½ to 1 mill per hour. 

A new high-speed process formulated for 
strip- and wire-plating of gold was devel- 
oped by P.M.D. Chemicals, Ltd. The new 
process will deposit a high-purity bright 
gold electroplate of 23-8-carat purity with 
a hardness of 120 Vickers Harness Number 
( V.H.N.) to any desired thickness and will 
operate over a wide range of current 
density at near to 100 percent efficiency to 
give a deposition rate of 0.001 inch per 
minute or higher. A high concentration of 
gold in the solution (5 ounces per gallon) 
enables deposition at current densities up 
to 60 amperes per square foot for light 
deposits and up to 30 amperes per square 
foot for heavy deposits. 


Table 2.—Mine production of recoverable gold in the United States, by months 


(Troy ounces) 


Month 1966 1967 
January...............-- 150,316 145,433 
Februar 143,927 145, 846 
March. .--..------------- 151,043 160,756 
ADT BEE 147,339 147,570 
May.............--.-.-- 158,098 138,951 
WAA T... 149, 756 151,185 
M/; FS SL SSS 151,812 135,251 


Month 1966 1967 
August 152 , 887 118,137 
September............... 150,952 114,879 
Oe tober 148, 844 119, 187 
November............... 146,224 104,097 

ecember..............- 152,222 102,895 
eee aanossiii 1,808,420 1,584,187 
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Table 4.—Mine production of recoverable gold in the United States, by States, 1965-67 


(Troy ounces) 


State 1965 1966 1967 

PADO. c a rE 42,249 27,825 22, 948 
EEN 150,566 142,528 80,844 
ile. ⅛ ͤ 88 62, 885 40, 570 
Colorado- ͤ .: y f k eee econ 37, 228 31,915 21,181 
TT Pe ee 5,078 5,056 4,838 
EN EE 22,772 25,009 ,786 
ET TEEN 229,050 366,903 434,993 
U r ĩYp³ AAA ec 9, 506 9,295 5,188 
OÜFregon..-o:2254.12 2920220200802: Ide te ee ere eee 499 281 186 
Pennsylvania... 1 90,674 1 85,000 1 73,837 
South Dakota... lnc ee ee ee cosHO Una: 628,259 606 , 467 601, 785 
Tennessee_______ ioe ͥ i es Be 122 141 181 
Utah EE EEN 426 ,299 438 , 736 288 , 350 
Washington. J... ul. l te oe EE SE (1 (1) ) 
IW VOMING s; ? ð³“-q« ¼⁵ : k ee CS ee, eek eos 

dipole |DIENSTE 1,705,190 1,803,420 1,584,187 


: Production of Pennsylvania and Washington combined to avoid disclosing individual company confidential 
&. 


Table 5.—Production of gold in the United States, by States, and by source, 1967 


(Troy ounces) 


By type of mine production 
———— ÁÀ—— M  — [P — n P refinery 
State Lead Complex pro- 
Placer Dry ore Copper and base Other Total duction 1 
ore zinc metal sources 2 
ores ores 

Alaska 27777777 T ͥ T 0000000 TT Genan 22,948 23,650 
Arizona 110 66,9383 4 18,007 788 80, 82,3800 
California 39, 008 1,29 71 114 40,570 40,000 
Colorado 2,437 832 197 643 17,069 3 21,181 19, 900 

Idaho 772 1,880 1,435 711 14 4,838 I 
Montana........... 141 2 8,304 887 11 51 9,786 15,000 
Nevada. ........... 232 405,431 28,466 14 141 709 484,993 420, 000 

New Mexico 7 2,0 2,314 575 226 8 ; 

South Dakota 2 001-180. muLsccu ß Saena. asas 601,785 615,500 
Pr ²³Ü¹wwwww 7¾˙u 8 181 210 
Un ee 1 660 213, 122 5 74, 077 485 288,350 260,000 
Other States 22. 31 r . 1, 508 78, 523 41,400 
Total........ 64,835 1,085,514 321,217 8,141 105,508 8,972 1,584,187 1,525,500 
Percent...... 4 69 20 (4) 7 (4) 100 100 


1U.S. Bureau of the Mint. 


2 Gold recovered from mill and smelter cleanup, slags, tailings, and as a byproduct of magnetite-pyrite and 
tungsten ores. 


3 Includes Oregon, Pennsylvania, and Washington. 
* Less than 0.5 percent. 
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Table 6.—Ore, old tailings, etc., yielding gold produced in the United States, and average 
recoverable content, in troy ounces of gold per ton in 1967 


Gold Gold-silver Silver Copper 
State Average Average Average Average 
Short ounces Short ounces Short ounces Short ounces 
tons of gold tons of gold tons of gold tons of gold 
per ton per ton per ton per ton 
Arizona.. 474 0.061 74,516 0.006 421 0.019 53,666,497 0.001 
California 2,125 601 0 /. gees 8 125 
Colorado 2, 520 253 1,000 . 190 150,421 (1) 2,109 098 
Bh 8 254 . 795 (2) 12.024 434, 895 001 60, 808 .031 
Montana 197 3,641 .106 15,387 . 083 9,014,687 .001 
Nevada.............. 1,084,702 .874 ......... ....- 1,108  .047 6,422,123 .004 
New Mexico 97,848  .055 ......... ....- 4,446,944 .001 
South Dakota......... Ir, ð—K y d 
Ee ee oV d Sui ³·W1¹i . ] ð ͤ uu h aoade 
G4!;⁵·˙ x ee? 89,060 027 14,306 .006 20,864,443 .010 
Other States 33. 88, 995 1k!!! deer ` seus Eeer . uec A 
Total.......... 8,075,620  .352 157,220  .027 616,538 002 94,477,619 003 
Lead-zinc, : 
Lead Zinc copper-zinc, and Total material 
copper-lead-zinc | 
Average Average Average Average 
Short ounces Short ounces Short ounces Short ounce 
tons of gold tons of gold tons of gold tons of gold 
per ton per ton per ton per ton 
Arizona 444 0.797 ......... ..-.- 288,683 0.045 54,030,985 0.001 
California ,190 02L⁊ĩũ2u22¶õ2a 7,8 .011 14,843 *.105 
Colorado 1,297 111 228 , 057 002 792,093 . 022 1,172,497 016 
Idaho 175, 526 . 008 21, 728 001 674, 915 . 001 1.368, 126 . 004 
Montana 4,012 086 35,443 001 211 A052 9,073,620 001 
Nevada 252  .056 ......... ..-.- 228,509 001 7,736,694 .056 
New Mexick ooo 272,058 .002 3,9 005 4,800, 274 001 
S/ ĩð;˙⁰www.. ] aorin ¼ —-!Zʒ.; mꝛvꝛv A 8 1,896,311 317 
EE eeh, . ⁰ ĩ⅛ð v K Ae 1,605,590 (3) 1.605, 590 () 
tab. ro rcu casos 258 .020 16,176 8 570, 959 130 21,505,197 018 
Other States ꝛꝛ7ꝝ --------- ----- 441,379 I K 51,066,954 069 
Total 184,974 013 1,009,841 001 4,212,699  .025 104, 271,091 015 


1 Less than 0. 0005. 

2 Less than Le unit. 

3 Includes Oregon, Pennsylvania, and Washington. 
4 Includes byproduct gold from tungsten ore. 

5 Includes magnetite-pyrite ore from Pennsylvania. 


Table 7.—Gold produced in the United States from ore and old tailings, etc., in 1967 by 
States and methods of recovery, in terms of recoverable metal 


Total Ore and old tailings to mills 
ore, old Crude ore, old 
tailings, Recoverable Concentrates tailings, etc. 
ete., jn bullion smelted and to smelters 
State treated Thou- recoverable metal 
(thou- sand — 
sand short Amalga- Cyani- Concen- Thou- 
short tons mation dation trates Troy san Troy 
tons)! (troy (troy (short ounces short ounces 
ounces) ounces) tons) tons 
Arizona... 72,558 72, 262 . 1,920,399 75, 548 294 5,292 
California 15 11 379 94 3,89 233 4 856 
Colorado. .............. 1,178 1,170 2,980 ....... 150,598 15,667 8 697 
Idaho 1,773 1,707 163  ....... 200,919 4,613 66 36 
Montana 9,092 ; Saudi. uode 235,189 8,862 48 1,283 
Nevada...............- 7,141 7,686 605 404,809 190,594 28,391 55 1,016 
New Mexico 4,801 4,728. Xen soos z 191,252 3,115 78 2, 066 
South Dakota. 1,896 1,896 397,294 204,489 ......... ......-. ...-... ---..-. 
Tennesse 5, 46 5,48 280,882 kœꝓ¾ 181111 
(Oo eet eee 21,546 21,897 ....... ....... 639,395 287,110 149 1,239 
Other States 2222. 2,149 2,149 13 322 450,515 73,010 (3) 147 
Total...........- 128,210 127,518 400,886 609,714 4,263,639 496,170 692 12 , 682 


1 Includes some nongold-bearing ores not separable. 
2 Includes Oregon, Pennsylvania, and Washingto 
* Less than Ae unit. 
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Table 8.—Gold produced at amalgamation and cyanidation mills in the United States and 
percentage of gold recoverable from all sources 


Bullion and precip- 


itates recoverable Gold from all sources (percent) 
Year (troy ounces) 

Amalga- Cyani- Amalga- Cyani- Smelting 1 Placers 

mation dation mation dation | 
9. 22ESI 437,264 218,212 30.1 15.0 42.2 12.7 
Kr DEEN 453 , 736 254,771 31.2 17.5 42.7 8.6 
NGS ae et 8 460,271 392,171 27. 0 23. 0 44.2 5.8 
EE eet, Sieg 693,093 258, 668 38. 5 14.3 42.1 5.1 
J Gh 400, 836 609,714 25. 3 38. 5 32.1 4.1 


1 Crude ores and concentrates. 


Table 9.—Gold production at placer mines in the United States, by methods of recovery 


Material Gold recoverable 
treated ———————————— 
Method and year Mines Washing (thousand Thousand Value Average 
producing plants cubic troy (thou- value 
yards) ounces sands) per cubic 
yard 
Bucketline dredging: 
EE ee es 17 22 18,431 161 $5,651 $0.330 
WEE EES 13 13 14,382 103 8,60 .251 
/ A a AE 9 11 13, 685 83 2, 889 211 
LEE 9 11 13,384 75 2,631 197 
J/öÜ— 10 10 5,448 48 1,690 310 
Dragline dredging: 
SE 11 11 266 2 70 265 
oo EE 19 18 195 2 68 . 350 
W966 ote eee 88 10 11 1 632 22 57 090 
KEEN 9 9 1 227 22 70 308 
MOG Uae cet e a seo eee 4 4 1 55 21 21 3 981 
Hydraulicking: 
KT, E 12 12 43 1 45 1.056 
Kr oe x E 11 11 30 4) 10 . 823 
/ ert ee ae Ne 6 6 4) 3 750 
. ⁰⁰⁰ 4 4 41 4) 9 211 
11%“ 4 5 27 3. 478 
Nonfloating washing plants: 
%%)%%%GCGwi!b EE 50 67 1 638 214 499 782 
1964. hs % 55 49 1 585 214 489 836 
)!; 8 48 64 1501 211 391 779 
1960. SZ. ee et 41 59 1 548 213 456 . 834 
Er Re EE aha sg AT 41 57 1 797 213 472 3,449 
Underground placer, small-scale hand 
methods, and suction dredge: 
Dee 133 82 189 6 194 1.403 
Kr VE 87 56 49 6 212 4.292 
EE 70 48 68 4 140 2.059 
1/%%ô⁵”³⁸- 8 57 23 26 2 56 2. 159 
%%% 53 19 63 2 59 . 925 
Total placers: 
O68 seit ee eee oe E ee 228 194 19,517 184 6,459 331 
Kr WER 185 142 15,241 125 4,383 287 
1965 ook Z Sut zw ua aaa eee ck 143 140 14,890 100 3,480 234 
bi EE 120 106 14,226 92 3,222 227 
C1§5ẽ ˙ ↄ ³²ñm ð x 8 112 95 6, 870 65 2,269 3.332 


1 Excludes tonnage of material treated at commercial sand and gravel operations recovering byproduct gold. 

? Includes gold recovered at commercial sand and gravel operations recovering byproduct gold. 

5 P covered as a byproduct at sand and gravel operations not used in calculating average value per 
cubic yard. 

4 Less than 14 unit. 
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Table 10.—U.S. gold consumption in industry and the arts 


(Thousand troy ounces) 


Issued for Returned Net 
Year industrial from industrial 
use industrial consumption 
use 
1ô§%5 ͤ ß ⁰ ß ß M ME E 4,252 1,332 2, 920 
ET PONE RPM V :(.. 0- y y a EUM 5,887 1,086 4,801 
/%///%öõĩõĩõĩ a ne EE 6,551 1,275 5,276 
1966: . "oc numini EE Ses ah 7,774 1,712 6,062 
Jô·Üi es ee he hasa et eS aka Esa A 6.294 


NA Not available 
Source: U.S. Bureau of the Mint. 


Table 11.—U.S. exports of gold in 1967, by countries 


Ore and base bullion Refined bullion 
Destination — —— 
Troy Value Troy alue 
ounces (thousands) ounces (thousands) 
Belgium- Luxembourg 34, 358 $1.202- x o·wm ] mmm ete naaa 
e ff . see ed 359 $13 
Germany, Weste 18,967 LC EEN 
EE cuyanus ms y y y OAE 65 2 
United Kingdonm --------------------------- 59,253 2,074 28,606,980 1,001,244 
Total Er 112,578 3,940 28,607,404 1,001,259 
Table 12.—U.S. imports of gold in 1967, by countries 
Ore and base bullion Refined bullion 
Country —— —[— — — 
Troy Value Troy Value 
ounces (thousands) ounces (thousands) 
JJ̈V ⅛ðÄ mu m e i GS 2 JJ; ͤ wok aguas 
II ³⁰Üſ A E 18,029 //§Ü;M 
! %% eee Ln 30 1 
Belgium- Luxembourg 24 1 20, 040 701 
Bell! ⁵ð³ 8 8 EG sms ͤ K 
%%%%%%h%ͤW%W%Wfy .. ur- eek ee ae 27,095 948 27,870 962 
PF ed ey Mae ee St eae 22,211 e ée d MEE 
COlOM EE 1,605 57 184,850 6,470 
C’ ] ³ AA A 8 4,792 f m ! 
El Salyador suu ⁰ hd ² %: k y vli eee. 673 24 
F/ 2 u aaa ⁰ ⁰ dd A ( 3,350 117 
Guatemala. ---------------------------------------- 74 d! S22 eee, Seele 
; ³ y ee Cet k eee tees 2,810 98 54 2 
Hong Kong... ggg ͤ DOS S Soleo. 550 19... ee 8 
P TP me eee ð eee: VLL Li wei T 135, 064 4,727 
Moxico < occanti d Ee 2, 637 d VE ES 
Mosgambioue l... „„ 449.  .§ JAG. e Soden 
el A EE 47,586 1,654 3,702 129 
Norway- lol cuc ¼:::;ß ...... E mc 1,040. 8— 22-a- 
GEIER eene RISO 8 18,011 631 v ductu 
FBF ³ð³ſͥͤ ³ ͥ⁰⁰ͥ⁰⁰⁰⁰ A d adi 56, 677 1,989 286,087 10,013 
South Africa, Republic of..........__...__------------- 15,728 (( 
S/ ⁵ ²ꝗ 0 )f—xß]be xx 8 2, 815 98 
Trinidad and Tobago. o „„ 20 ff o oq. 
United Kingdom. ...................-....... „„ 39 1 46 , 452 1,632 
Totale sacon eros ͥ eee eae 219,382 7,671 710,487 24,876 


1 Less than 1$ unit. 
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Table 13.—Value of gold imported into and exported from the United States 


(Thousand dollars) 

Year Imports Exports 
Eeer $101 , 669 $1,285,097 
JJ ei u EE ebe 42,00 457,333 
KI EE 32, 547 1,005,199 

Table 14.—World production of gold by countries ! 2 
(Troy ounces) 
Country ! 1963 1964 1965 1966 1967 » 
North America: 

Anda 4,003 , 127 r 3,835,454 r 3,606,031 3,273,905 2,961,999 
Central America and West 

Indies: 

Costa Rica ¢____.____ 3,000 8,000 570 570 500 

Hai 6,778 8,090 r 6,719 5,071 NA 

Honduras `... r 3,070 r 3, 401 r 4,090 r 4,274 5, 924 

Nicaragua SE 204,769 225,581 198,152 199,108 177,702 
Mexico r 237,947 209, 976 r 215, 795 r 213,609 181,491 
United States 3 1,454,010 1,456,308 1,705,190 1,803,420 1,584,187 

South America: 
Argentina 318 303 84 r 55 NA 
Boltvig 2. 2.222- 153,019 128,576 94,314 86,982 55,069 
Bra8214. 8 r 181,818 r 142,524 r 155,031 r 167,955 172,000 
Chile. ⁰ 77,294 r 64, 992 r 58,897 r 74,513 55, 964 
Colombia $24,514 364,99] 319,362 r 280,823 258,186 
Ecuador 21,041 17,681 11,512 10,901 NA 
French Guiana 6,993 r 4,823 tuno 632 NA 
Guyana r 2,848 2,111 2,077 3,045 2,379 
EEN es 22222 sut se. 101,018 92,508 105, 183 94, 978 95, 559 
Surinam 3, 548 8, 258 „26 r 5,159 4, 500 
Venezuelas 26,947 33, 536 23,660 r 16,895 18,917 
Europe: ! 

Finland. ................ 20,416 22,055 18,037 15,465 * 14,000 

e E TENCE 53,627 54,303 57,389 r 60,164 * 6,400 
Germany, West 2,048 2,402 1,865 r 1,071 * 1,100 
Portugal................ 21,895 21,316 21,541 r 18,776 e 27,000 
Span; 15, 625 23, 534 r 8,295 450 NA 
Sweden 115, 164 117, 672 116, 064 e 115,000 

RR Eel IR 4,370,000 4,650,000 5,030,000 5,870,000 5,700,000 
Yugoslavia 83, 656 06,773 03,911 r 84,942 e 86,000 

Africa: 

Angola... 37 7 2 Sarasua ss E 
Botswana 142 44J44JJ%;ö;ͤ;Ü—1¹ ) rt hee, 8 
Cameroon 1, 865 739 1,286 900 e 800 
Central African Republic. . 9 75 2 487 uncus 
Congo (Brazzaville)....... 2,954 8,567 9,697 4,080 NA 
Congo (Kinshasa) 214,574 188,693 90,408 158,632 153,520 
Ethiopia... cuo e 27,300 e 27,300 24,236 r 21,256 23,612 
Gabon, Republic of 35,719 42, 760 37,134 r 34,433 NA 

DANG EE 921,255 864,917 755,191 684,395 762, 609 
Kenya 10, 193 12, 480 11,420 11,988 33,366 
Liberia vv 1,960 1,824 1,701 4,351 §,111 
Malagasy Republic....... 900 440 598 852 752 
Mozambique 29 40 82 r 22 22 
Nigeria 316 244 80 61 39 
Rhodesia, Southern 566,277 575, 386 544, 100 e 550,000 NA 
Rwanda NA NA r 106 8 
South Africa, Republic of. 27, 431, 956 29,111,524 30,553,874 30,879,700 30, 532, 880 
South-West Africa, 

Territory o 3 32 14 25b e NA 
Sudan-.----------------- 868 877 300 200 NA 
Swaziland 2,092 2,078 1,619 308 _ . m 
Tanzania ----------- 102,917 93,040 90,819 55, 478 18,486 
Uganda 48 24 36 NA 
Upper Volta 44, 786 32, 665 32, 504 1807 % — 
Zambia 4, 960 5,033 5, 196 e 5, 000 e 5,000 


See footnotes at end of table. 
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Table 14.— World production of gold by countries ! Continued 


(Troy ounces) 


Country 1 1963 1964 1965 1966 1967 p 
Asia: 
Burma 200 200 200 200 200 
Cambodia 6,687 e 6,000 e 4,500 er 4,000 NA 
China, mainland ` `` 60,000 60,000 60,000 60,000 50,000 
Indies... 138,409 148, 504 130, 628 120, 244 97, 256 
Indonesia 4,437 ; : r 4,122 7,752 
ee 700000000000 262,142 253, 300 264, 842 r 256,395 252, 769 
orea: 
North 160, 000 160, 000 160, 000 160,000 160,000 
South 90,095 75,791 62 , 836 60, 765 63,337 
Malaysia: 
Malay a 9,116 7,296 3,982 2,959 1,289 
Sarawak 2,773 3,115 2,602 2,611 2,521 
Philippines 376, 006 425, 770 r 437,474 r 453,546 500,417 
Taiwan 31,710 17, 660 32, 148 41, 805 32,414 
Oceania: 
Australia 1,023,970 963,834 r 877,648 r 914,732 627,171 
British Solomon Islands 240 101 31 NA NA 
uh EE 107,262 100, 493 109, 095 112, 567 111, 108 
New CGuineg -------- 43, 552 38,934 832,439 28,068 27, 628 
New Zealand 14, 206 8,948 12,136 8,965 
Papuů s 47 55 43 
Totalalll 8r 43, 146, 584 8r 44, 839, 720 8: 46,221,950 8r 46,566,663 45, 610, 000 
e Estimate. P Preliminary. : Revised. NA Not available, but estimate included in 1967 total. 


1 Gold is also produced in Bulgaria, Czechoslovakia, Rumania, and small quantities probably in East 
Germany, Hungary, and Thailand. Data for these countries are not available. Data are also lacking on clandes- 
time activities. 

2 Compiled mostly from data available June 1968. 

3 Mine production. 

4 Officially reported production only. 

$ gupi from U.S.S.R. in Asia included with U.S.S.R. in Europe. 

° Year ending August 31 of year stated. 

7 Refinery production for Japan was as follows: 1963, 482,572 ounces; 1964, 460,171 ounces; 1965, 519,170 
ounces; 1966, 555,468 ounces; and 1967, 678,123 ounces. 

s Total is of listed figures only: no undisclosed data included. 


Table 15.—Republic of South Africa: Salient statistics of the gold-mining industry 


1965 1966 1967 
Ore milled............................... thousand tons 80,027 18,250 77,475 
Gold recovered 1121 thousand troy ounces. . 30, 554 30,879 80, 532 
Gold recovered........................-- ounces per ton . 876 . 389 . 989 
Working revenue (gold) i. thousands.. $1,087,717 $1,086,675 $1,075,337 
Working revenue per ton milled ?...... |... ............... 13.71 $14.14 $14.00 
Working costs 22___ ----------------------- thousands $610,464 $630,861 $647,593 
Working costs per ton? 2.2. 22 ccc eee $8.04 $8.43 $8.61 
Working costs per ounce of gold $20.69 $21.11 $21.81 
Total working profit from gold 11 thousands $431 , 556 $428 ,841 $404 , 037 
Estimated working profit per ounce from gold ......... $6.93 $5.71 $5.36 
Dividends paid.............................- thousands. . $175,818 $174,076 $169,328 


1 Includes non-Chamber of Mines' producers. 
2 Excludes primary uranium producers. 


Source: The Mining Journal (London). 


Graphite 


By Donald E. Eilertsen ’ 


Domestic output of natural graphite was 
slightly smaller in 1967 than in 1966 
while imports for consumption were near 
the largest, the amorphous type being the 
largest ever reported. Production data on 
synthetic graphite were obtained on a 
nationwide basis for the first time; the 
output in 1967 exceeded 208,000 short 
tons. 

Legislation and Government Programs. 


—Government stocks of various natural 
graphites totaled 44,071 short tons at year- 
end 1967 compared with 45,071 tons at 
yearend 1966. This reduction resulted from 
the sale to the domestic consuming in- 
dustry of 238 tons of Malagasy flake, 413 
tons of Malagasy fines, and 349 tons of 
other graphite. 


1Commodity specialist, Division of Mineral 
Studies. 


Table 1.—Salient natural graphite statistics 


1963 1964 1965 1966 1967 

United States: 
Consumption 111ᷣ·˖: short tons.. 2 47,000 2 54, 000 247,100 248,400 38, 300 
Ii. ĩðVâud A thousands.. 2 56,111 257,026 2 56,390 256,629 35,700 
EF ·¹• eL eee short tons. 900 ,000 8,200 8,200 8,600 
FI. 8 thousands $190 $333 $419 $428 $460 
Imports for consumption 11. short tons... 52,200 47,200 58,100 56,700 56,700 
„r ³ð na a E thousands.. $2,000 $1,943 $2,387 $2,545 $2,348 
World: Drodueton ....................-.-- short tons 748,000 683,000 669,000 534,000 350,000 


1 Includes some artificial graphite. 
2 Includes some estimates. 


Table 2.—Government yearend stocks of natural graphite 
(Short tons) 


Type of graphite National Supplemental Total all 
| stockpile stockpile stockpiles 
Malagasy crystalline flake: 
P ³⁰¹o¹³ EE e 10,800 ........-- 10,800 
lo Uc. ee eh 15,931 .......... 15,331 
%CõÄÄ˙öêð⁵6⁷-³ ⁵ ̃ ! «ſ———... M M LE 2 26.19]. . L: sex 26,131 
Malagasy crystalline fines: 
F ĩ ³o˙¹ Ü... ee . Een 5,296 1,904 7,200 
FT ucc uc Mela e Reh ͤ—! ³ K 8 4 
Total. yaran pagu zu ³˙¹¹w akaun u ma nz rs 5,296 1,908 7,204 
Ceylon amorphous lump: 
JJ; uA EE 4,458 1,042 5,500 
Excess C O tupana la ge uta acum he p adele, | uk zs als 886 886 
%//%//%» t“ «²d) eh e I a RS TSA ĩͤð K 4,458 1,428 5,886 
Other than Ceylon and Malagasy, crystalline: 
HEEN ee ee 2800 2, 800 
Excess: 
Stockpile grade... ee eee eee 20099 8 2,009 
Nonstockpile grade AL 22 22 S 41 
Total inventor7/ùꝰꝶ7 // 4,850 4. 850 


Source: Office of Emergency Planning. Statistical Supplemental Stockpile Report to the Congress. OEP-4, 
July-December 1967. 
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DOMESTIC PRODUCTION 


The Southwestern Graphite Co., Burnet, 
Tex., continued to be the only producer of 
natural graphite for the sixth consecutive 
year. The output in 1967 was somewhat 
smaller than in 1966. 


Production data on synthetic graphite 
were obtained on a nationwide basis for 
the first time in 1967. Synthetic graphite 
output (shipments of powder plus furnace 
production cf shapes) totaled 208,107 short 
tons valued at almost $104.9 million, the 


largest production by far being graphite 


shapes. Six companies produced synthetic 
graphite principally from petroleum coke; 
although some graphite was derived from 
several other raw materials. The producers 
were as follows: 


Company: Location 
The Carborundum 
Co ...........Hickman, Ky. 


The Carborundum 
Sanborn, N.Y. 


Chemical Co 
Great Lakes 
Carbon Corp .. 
Great Lakes 
Carbon Corp . 
Great Lakes 
Carbon Corp . 


. Midland, Mich. 
Rosamond, Calif. 


. Morganton, N.C. 


.Niagara Falls, N.Y. 


Speer Carbon Co . Niagara Falls, N.Y. 
Stackpole 

Carbon Co ....St. Marys, Pa. 
Union Carbide 

Grp Columbia, Tenn. 
Union Carbide 

Gerd Niagara Falls, N.Y. 

Chas. Pfizer Co., Inc., began to build 


a new plant at their Easton, Pa., facilities 
to produce pyrolytic graphite for missile 
and other uses. 


CONSUMPTION AND USES 


Natural graphite consumption was sub- 
stantially smaller in 1967 than in 1966 
mostly due to revisions in reporting. 

Synthetic graphite powder was used as 
carbon raiser in steelmaking, additive in 
nonferrous metallurgy, lubricants, and 
foundry facings. Synthetic graphite’s largest 


uses were in the form of shapes, such as 
anodes, electrodes, crucibles and vessels, 
refractories, electric motor brushes, brush 
stock, cloth, fibers, and laminates. 


2 Steel. 


New Plant Will Produce Eyra 
Graphite. 0. 


V. 160, No. 16, Apr. 17, 1967, p. 


Table 3.—Consumption of natural graphite in the United States in 1967, by uses 


U Crystalline Amorphous ! Total 
se 
Short Value Short Value Short Value 
tons tons tons 
Batteries so Sib io Se eset Ic Dec 21,133 $241,483 W W 1,183 $241,488 
Bearings EE 2 139 60,817 W W 139 60,817 
Brake lining 421 133,918 395 $131,701 816 265,619 
Carbon brusben 104 55,197 543 241,763 647 296,960 
Crucibles, retorts, stoppers, sleeves, and nozzles. 23,904 637,005 W W 3,904 637,005 
Foundry faeing ggg 768 312,815 6,743 656,756 8,511 969,571 
Lubricants- 4- 222 ĩ ⁵ he ws ue es 278 108,577 2,350 314,937 2,628 423, 514 
Packings e Sa rcu ee cL 224 19,178 244 98,877 468 178,055 
Paints and polishes. `. 25 6,263 204 23, 647 229 29,910 
Pencils- -eraser ena are eae y Le are 994 332,462 883 225,025 1,877 557,487 
Refractor ies W 36,643 640,532 6,643 640, 532 
RN nba EE 56 27,136 197 49,563 253 76,699 
Sr 8 783 113,737 5,986 475,071 6,769 588,808 
GM ð Vn. ð v y 933 290,439 3,366 443,144 4,299 733, 583 
C Z, AAA 22 e 10, 762 2,399,027 27,554 3,301,016 38,316 5, 700, 043 


W Withheld to avoid disclosing individual company confidential data, included in total. 

1 Includes mixtures of natural and manufactured graphites. 

2 Includes some amorphous, the largest portion being crystalline. 

3 Includes some crystalline, the largest portion being amorphous. 

4 Includes adhesives, chemical equipment and processes, electronic products, gray iron castings, powdered- 
metal parts, small packages, specialties, and other uses not specified. 
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PRICES 


Actual prices for natural graphite are 
negotiated between buyer and seller and 
cover a wide range of specifications. 

Oil, Paint and Drug Reporter quoted 
the following prices for graphite, per 
pound, in bags, fiber drums, ex warehouse: 
Nos. 1 and 2 flake graphite containing 90 
to 95 percent carbon at 29 to 32 cents; 
powdered crystalline graphite containing 
88 to 90 percent carbon at 20 to 23.5 
cents, 90 to 92 percent carbon at 22.5 to 
25.5 cents, and 95 to 96 percent carbon at 
29 to 32 cents; powdered amorphous 
graphite at 6.5 to 12 cents; and powdered 


amorphous graphite containing a mini- 
mum of 97 percent carbon at 30.5 to 33 
cents. 

Prices quoted by Metals Week for flake 
and crystalline graphite, f.o.b. source, bags, 
per short ton, were as follows: Malagasy 
Republic, $86 to $204; Norway, $85 to 
$145; West Germany, $112 to $610; and 
Ceylon, $76 to $223. Amorhpous, nonflake, 
crypto-crystalline, graphite per short ton, 
f.o.b. source (80 to 85 percent carbon) 
was quoted as follows: Mexico (bulk), $19 
to $22; South Korea (bulk), $15; and 
Hong Kong (bags), $21. 


FOREIGN TRADE 


Exports of natural graphite were the 
largest on record, with Canada receiving 
almost 42 percent. 

Imports of natural 


graphite ranked 


among the largest and those from Mexico 
were the largest ever reported from that 
country. 


Table 4.—U.S. exports of natural graphite, by countries 


Destination 


Arabian peninsula states, n.e een 
Asen ð aie de Sys Ei 3 
ZAM Ill. NONSE EASE 


CJÜͤÜ51³ʃñw’&!. ß ee 


Venezuela ___ __ ae ewe ee eee 
Viet-Nam, South- -------------------------------- 
Other countries 


1 Not elsewhere classified. 
2 Less than 1⁄4 unit. 


Amorphous, crystalline flake, lump, or chip, 
and natural n.e.c.! 


1966 1967 
Short Value Short Value 
tons (thousands) tons (thousands) 

109 7;ͤ;— 88 
59 8 19 $2 
28 3 97 10 
6 Pf eee need 
206 33 6 10 
1,221 147 1,490 171 
2 (2) 60 8 
66 9 16 3 

16 3 4 (?) 
208 25 136 22 
44 6 82 8 
29 FCC 
4 7/7); 8 
—— | ee alae ER 11 1 
21 3 11 2 
82 33 67 13 
13 2 123 20 
2 (2) 64 8 
SJ ͤ 8 64 7 
335 42 403 50 
109 14 205 25 
29 2 7 1 
7 NEE 
13 " ECCE ECIAM 
68 10 79 11 
7 ls: iactus —8— 
26 3 7 1 
31 4 15 2 
8 1 28 4 
12 2 25 3 
232 36 300 45 
123 21 173 30 
11 CCC 
34 5 18 3 
3,161 428 3, 569 460 
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Table 5.—U.S. imports for consumption of natural and artificial graphite, by countries 


Natural Artificial Total 
Crystalline Crystalline Other natural, 
flake lump, chip, crude and 
Year and country or dust refined Short Value Short Value 
— — —— tons (thou- tons (thou- 
Short Value Short value Short Value sands) sands) 
tons (thou- tons (thou- tons  (thou- 
sands) sands) sands) 
1/7, ùĩ AAA eases 6,394 $669 87 $19 51,533 $1,688 42 $11 58,056 $2.387 
1966: 
Austris 27 Ot wets vena 66 SEHR 93 11 
Eer, weeds w/ ] ma ⁊ꝛ ᷣ Tx ited 70 2 70 2 
a , Beis ` ee ` Geet 4,150 474: n eee 4,150 474 
France... 2 J vk V 2 1 
Germany, West 487 98. 1,344 156 5 3 1,836 257 
Greenland. 222222-2 .memÍewmec 8 107 „„ 107 2 
Hong Fg ³ð 3 17 £ dues Soane 17 4 
Korea; Sutyyhhhhhk 8 695 IG- -osent xS 695 16 
Malagasy Republic... 5,886 599 ..— uses 28 „ ` eg 5,914 601 
N ³¹ðW¹*àààĩ³ↄ ² ͥ / ³ A.. WS See 40,213 BAT LI AA Ses 40,213 847 
NOPWOV . aiian assed. chess 3,503 300 sanis „503 306 
Switzerlahd-... / ðↄ V PES 8 3 8 3 
Turkey... n 81 EL. lx ewm Stee vie eesi Ses 81 11 
United Kingdom..... ..... ..... ..... ----- 31 6 28 4 59 10 
F xti 6,483 ve KENE 50,154 1,821 111 12 56,748 2,545 
1967: 
Austria_____ ñÜ) 40 4. 2mm. 2440 28 d. domi Poasi 68 7 
Canada- - m... ͤ v ss - Sages 1 1 250 9 251 10 
C111 G ˙ c ĩͤ A ͤ . Johns 3, 842 AI Lus 3,842 441 
France. 2 IE:; eee, ee eee, siete, Stet 2 1 
Germany, West 215 43 14 4 1,504 190 27 19 1,760 256 
Korea, South ES. ----- 995 265 2s peste 995 26 
Malagasy Republic... 4,451 ADT llle Lum 2 Q nhe. sQ. 4,479 460 
Mexico: -cok . cecus ee eee “Seed 42,632 893 A — 42,632 893 
w e Qasam. Sees das uum te 2,38 24. Neu gem ,989 222 
Sed,” exu “sma Gs F 110 9 
S ↄ ⅛« /) ß . w ĩ K ` . uisus 10 5 10 5 
Fh ³ĩðW6AiA K 8 56 SES 56 8 
Turkey 55 ))))!!! ³ ⅛ y y 8 55 6 
United Kingdoms d. 26 4 26 4 
Total. ns 4,763 511 14 4 51,585 1,796 313 37 56,675 2,348 


WORLD REVIEW 


India.—India’s first synthetic graphite 
plant, Graphite India Ltd., Durgapur, 
West Bengel, was dedicated in January and 
expected to begin production within 2 
months. The initial annual capacity was 
reported to be 6,000 metric tons and ex- 
pandable to 30,000 tons. The plant is a 
joint enterprise of Great Lakes Carbon 
Corp. of New York City and Bangur 
Brothers Ltd., of Calcutta, and capitalized 
for $1,625,000, the Indian and United 
States firms each subscribing $325,000 and 
the general public of India $975,000. At 
full capacity, the new plant is expected to 
save $3.3 million annually in foreign ex- 
change.“ 


South Africa, Republic of.— Graphite 
deposits in the Zoutpansberg District were 
reported to contain reserves of 40,000 tons 
of crystalline graphite at Dow 7 IMT mine, 
100,000 tons of crystalline graphite at 


Gumbu mine, and at least 40,000 tons of 
amorphous graphite at the Mutale mine.“ 


Spain.— Plans were disclosed for con- 
structing a $10 million graphite electrode 
plant at Pamplona by Union Carbide 
Iberica, S.A. The plant, to be completed in 
the latter part of 1968, will be fully in- 
tegrated from raw material to finished 
product, and have an annual capacity of 
10,000 tons. 


Sweden.—Union Carbide Norden AB 
was reportedly expanding its graphite 
products plant at Trollhattan to a capacity 
of 10,000 tons of graphite electrodes, 
anodes, and special products annually.® 


3 Bureau of Mines. Mineral Trade Notes. V. 
64, No. 4, April 1967, p. 13. 

4 Bureau of Mines. Mineral Trade Notes. V. 
64, No. 11, November 1967, p. 20. 

5 Chemical Week. Carbide * * * Will Build 
Spanish Graphite Electrode Plant. V. 100, No. 
22, June 3, 1967, p. 44. 

6 Industrial Minerals (London). No. 1, October 
1967, p. 20. 
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Table 6.—World production of natural graphite by countries 1 


(Short tons) 
Country 1963 1964 1965 1966 1967 P 2 
North America: 
Ae ere es oe obec e Soc sees r 20,176 33,441 44,548 r 42,717 NA 
United state erger W W W W W 
South America: 
Argentinaeͤ 2.22 222222.2.22-22-- 306 245 r 202 154 NA 
Brazil. F ]]]]]]]]]] ... c LU saa sa * 1,650 e 1,270 1,292 r 1,408 NA 
Europe: 
AUSLFIR = ee Soe oe te ee oes 109,778 112,697 94,529 87,677 e 85,300 
Germany, West 14,122 14,796 15,005 r 14,488 e 14,300 
dE 2,053 r 1,443 1,353 1,179 e 2,000 
ee AER 8,408 7,983 r 9,348 r 9,458 e 8,800 
n" MU. t 60,000 r 66,000 r 66,000 r 72,000 72,000 
rica: 
Malagasy Republic 21,214 14,521 18,756 r 18,040 e 17,600 
South Africa, Republic of 671 1,042 447 1,161 e 660 
"m South-West Africa___._....-.----------  --------- 276 896 400 NA 
gia: 
Ceylon (export) 9,280 11,957 9,789 11,051 11,428 
China (mainland)e....................- 45,000 45,000 45,000 45,000 84,000 
Hong Kong 891 77h) SOIL 21 
E STE Ee 3,305 2,700 2,482 r 2,428 NA 
Korea: 
North 6222. o2: 5 be Le enc 77,000 77,000 77,000 83, 000 83, 000 
S usa d alae 374, 428 291,515 283,315 144,338 70,417 
Total 25-2: AAA 22 22 r 748,282 r 682,681 * 669,462 * 534,499 849,526 


e Estimate. P Preliminary. r Revised. NA Not available. W Withheld to avoid disclosing 
individual company confidential data. 

! Graphite is known to be produced in Czechoslovakia and India, but production data are not available. 

? Compiled from data available April 1968. 

3 Total is of listed figures only; no undisclosed data included. 


Table 7.—Ceylon: Exports of graphite, by Table 8.—Malagasy Republic: Exports of 


countries graphite, by countries 
(Short tons) (Short tons) 

Destination 1966 1967 Destination 1965 1966 
Australia.. 505 440 Australia 192 113 
France e coo eae oes 246 384 Belgium-Luxembourg........... 63 ...... 
Germany, Wee 84 67 Canada. uuo cece 55 55 
Indi8B../.- ten ee asss 509 991 Deirmm 8 Ad xe 
/Ä˙Ü¹u ñ ⁰⁰( 8 2,195 2,754 Franee ee 3,339 2,808 
Pakistan... seco csc esis 71 1 Germany, Weer .---------------- 2,066 1,609 
Poland- here 55 83 Indi$-- ĩͤ K ees 185 
United Kingdom 2,274 2,512 Psy ss ß 818 1,003 
United States 4,868 3,836 Japan 1,088 1,127 
Other countries 244 280 Netherlands 66 242 

—  —— P ³»0i a ne 50 99 
( Sauk 11,051 11,428 South Africa, Republic off 66. ͤ . 
SS AAA ĩ ET 257 229 
United Kingdom 5,836 5, 505 
United States 5,638 5, 550 
Other countries 34 97 
lll! ³· 19,780 18,533 
TECHNOLOGY 


A promising technique for rapid, small- rod at a speed of 1.75 inches per minute, 
scale production of artificial graphite prod- and venting soot from the gas baking 
ucts was described. Some of the features of furnace to avoid shortout of an electrical 
this method were the determination of a heater.” 


satisfactory coke-pitch mixture ratio of A Heitman, Joseph B. Rapid Process for the 


(79:21 ), the simultaneous extrusion, ie a Ga ane Sine ee 
. Eia s R t . „ v. 5, . 5-6, — 
baking and graphitizing of a 2-inch square 1967, pp. 307-308. ° ey une 
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Improvement in the quality of carbon 
and graphite materials for seals, bearings, 
and electric motor brushes continued. 
Better materials and improved mechanical 
designs have made carbon and graphite 
components last three to five times longer 
than in the past and have made them able 
to withstand much higher temperatures 
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and pressures. The extent of this progress 
is revealed in a systematically arranged 
report with more than a hundred refer- 
ences.® 


8 Paxton, R. Robert. Carbon and Graphite Ma- 


terials for Seals, Bearings, and Brushes. Elec- 
trochem. Tech., v. 5, No. 5-6, May-June 1967, 
pp. 174-182. 


Gypsum 


By Paul L. Allsman ' 


Gypsum production continued to drop 
during 1967, but the decline was appar- 
ently leveling out. At the end of the 
year a new surge in the construction mate- 
rials industries gave gypsum producers 
renewed confidence. A trend toward 
diversifiication into related industries was 
apparent as the industry attempted to 
lessen its dependence on construction 
activities. Research into new uses for 
gypsum established the industry in basic 


chemicals and fertilizer manufacture dur- 
ing 1967. 

Domestic production of crude gypsum 
declined only 3 percent from 1966, while 
the quantity of imported crude gypsum 
declined 14 percent. Production of board 
products decreased only 1 percent during 
1967, while total value of board products 
decreased 3 percent in 1966. 


1 Commodity specialist, Division of Mineral 


Studies. 


Table 1.—Salient gypsum statistics 


(Thousand short tons and thousand dollars) 


United States: 
Active mines and plants iii 


Imports for consumption 
Calcined: 
Produced.. ---------------------- 


Gypsum and gypsum products: 
Exports (aiue) TE 
Imports for consumption (value)) 
World: Produetioõnnn 2-2 2.222 eee 


NA Not available. 


1963 1964 1965 1966 1967 
108 106 118 121 118 
10,388 10,684 10,033 9,647 9,893 
$38,188 838,874 $87,875 $85,681 $34,383 
,490 6,258 5,911 5,479 4,722 
9,181 9,440 9,320 8,484 7,879 
$181,668 5135,877 $138,028 $119,747 $115,467 
$414,090 $481,717 $419,620 $876,871 $362,268 
$1,431 $1,808 $2,032 $2,674 $2,918 
$12,357 $14,687 313,328 $17,281 $11,353 
50,172 51,638 58,076 49,629 NA 


1 Each mine, calcining plant, or combination mine and plant is counted as 1 establishment. 


? Excludes byproduct gypsum. 


DOMESTIC PRODUCTION 


Of the 75 mines operated, 58 were 
open pit and 16 were underground; 1 
was both. Eighty-four percent of the total 
output came from 41 mines operated by 
companies having calcining equipment. 
By State, the leading crude gypsum pro- 
ducers were Michigan, 15 percent; Cali- 
fornia and Iowa, 13 percent each; and 
Texas, 10 percent. 

Domestic and imported gypsum was 
calcined at 76 plants that had 224 kettles 
and 77 other pieces of calcining equip- 


ment. A total output of 8.3 billion square 
feet of board products was reported in 
1967 with a value of $302.6 million, com- 
pared with 8.4 billion square feet of 
board products with a value of $312.5 
million in 1966. 

New-capacity additions slowed in 1967 
as the housing market declined for the 
third straight year and sales of gypsum 
building products slumped. Instead, the 
gypsum industry began to expand into 
other, related or closely allied industries 
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such as wood-fiber building products, the 
home furnishings industry, and manufac- 
ture of chemicals. Mergers by several of 
the largest gypsum producers should 
diversify their product markets so that 
sales are not dependent on construction 
of new residential housing. 

United States Gypsum Co. completed a 
new plant at Danville, Va., which pro- 
duces hardboard, asphalt-coated sheath- 
ing, and other wood fiber products re- 
lated to gypsum wallboard. The company 
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also began production of mineralized, 
wool-fiber roof deck in a new plant in 
Columbia, S.C. The new manufacturing 
process was developed by United States 
Gypsum's Research and Engineering De- 
partment. 

Georgia-Pacific Corp. bought the new 
Gypsum Products of America wallboard 
plant at Lovell, Wyo., which came on 
stream in midyear. The $3-million plant, 
which produces 54-inch wallboard, has a 
capacity of 75 million board feet of - 


Table 2.—Crude gypsum mined in the United States, by States 


(Thousand short tons and thousand dollars) 


State Active 

mines 
r ³ð2ü ⁰ a E 5 
Californi -eoo .d 11 
Sed 6 
OWA- ] ᷑ A Lr lE s europe Sk 5 
Michigan_____ oie % 8 5 
IN CV OOo te ee ie a Sa 3 
New Mexico 4 
New YOrRK-.0-212222 Rm cnn ens 5 
Glahe 8 8 
South Dakota... . .... 22 2.22 222-2. 1 
TEXAS- ENEE 8 
Other State 20 
S eee eee eo eat 81 


1966 1967 

Quantity Value Active Quantity Value 
mines 

75 $394 W W W 
1,207 3,064 9 1,241 $3,150 
75 269 4 265 
1,285 5,577 5 1,219 5,186 
1,522 5,489 5 1,422 5,085 
594 2,023 3 409 1,412 
146 545 5 155 588 
559 2,998 5 570 3,118 
785 2,212 8 804 2,266 

17 1 12 
899 3,258 7 984 3,419 
2,483 9,784 23 2,500 9,845 
9,647 35,681 75 9,393 94,383 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 


! Includes the following States to avoid disclosing individual company confidential data; Louisiana, and 
Washington, 1 mine each; Arkansas, Indiana, Kansas, Montana (1967), Ohio, Utah (1967), Virginia and 
889 (1966), 2 mines each; Montana (1966), Utah (1966), Wyoming (1967), 3 mines each; and Arizona 

, 4 mines. 


Table 3.—Calcined gypsum produced in the United States, by States 


(Thousand short tons and thousand dollars) 


1966 1967 

State Calcining Calcining 
Active Quan- Value equipment Active Quan- Value equipment 

plants tity — plants tity — 

Kettles Other 1 Kettles Other 1 

California 9 688 $8,640 21 15 7 584 $7,641 16 9 
Georgia 3 404 8,007 111 3 464 „832 | à 
OWā.-------------- 5 816 11,929 23 4 5 768 11,477 22 4 
Louisiana 3 173 3,072 6 1 W W W W 
Michigan.......... 4 426 6,820 10 1 4 362 5,929 10 1 
New Jersey........ W W w W W 4 347 4, 056 9 4 
New York......... 7 961 12, 803 23 5 7 836 12,265 22 5 
Oni W W W W W 3 334 4,960 9 1 
Ted as cs 7 670 9,376 28 3 7 723 10,519 27 8 
Other States 2. 40 4,296 59,100 108 50 36 3,461 49,788 94 50 
Total 78 8,434 119,747 234 79 76 7,879 115,467 224 77 


W Withheld to avoid disclosing individual company confidential data; included with Other States.“ 

! Includes rotary and beehive kilns, grinding-calcining units, Holo-Flites, and Hydrocal cylinders. . 

2 Comprises States and number of plants as follows: Arizona, 1; Arkansas, 1; Colorado, 1; Connecticut, 1; 
Delaware, 1; Florida, 3; Illinois, 1; Indiana, 3; Kansas, 2; Louisiana, 2 (1967); Maryland, 2; Massachusetts, 1; 
Montana, 1; Nevada, 3; New Hampshire, 1; New Jersey, 4 (1966); New Mexico, 2; Ohio, 3 (1966); Oklahoma, 2; 
Pennsylvania, 1; Utah, 2; Virginia, 2; Washington, 1; Wyoming, 1 (1966), 2 (1967). 


GYPSUM 


inch gypsum board annually. Georgia- 
Pacific Corp. also announced plans for a 
new research and development facility for 
its Bestwall Gypsum Division in Tigard, 
Oreg., near the Company’s new manufac- 
turing and sales headquarters in Port- 
land, Oreg. Two new buildings will house 
both applied and basic research, as 
well as product-and construction-systems 
testing. 

Elcor Chemical Corp. announced plans 
for a $26 million plant in Culberson 
County, Tex., to produce 1,000 long tons 
of sulfur per day from gypsum. The new, 
secret process was pilot-plant-tested and 
reportedly will make the company the 
fourth largest domestic sulfur producer. 
Gypsum will be quarried locally at the 
Rock House facility. 

Power Gas Corp. of America, a sub- 
sidiary of Davy-Ashmore Co. Ltd., 
awarded a contract for a $2 to $3 million 
plant at Hanford, Calif., to manufacture 
fertilizer from gypsum rather than ele- 
mental sulfur. The plant will produce 
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200 tons-per-day of ammonium sulfate 
and byproduct chalk. The company has 
a similar 420-ton-per-day plant in India. 


In a move to diversify its product lines 
and lessen its dependence on the con- 
struction industry, National Gypsum Co. 
agreed tentatively to terms of a merger 
with Congoleum-Nairn Inc., a furniture 
and carpet manufacturer of Kearney, N.J. 
A new National Gypsum preferred stock 
was created; the value of the transaction 
was announced as $74 million. United 
States Gypsum Co. announced a merger 
with A.P. Green Refractories Co. of Mex- 
ico, Mo., thus broadening its line of con- 
struction materials. The value of a new 
preferred stock was set at $45 million. 
United States Gypsum Co. also received 
approval of a merger with Amsted Indus- 
tries, a major manufacturer of a diversi- 
fied line of railroad, water transmission, 
and machine tool components. Combined 
sales of the two companies amounted to 
more than $600 million in 1967. 


CONSUMPTION AND USES 


Development of new markets for gyp- 
sum products, notably the renovation of 
slums and tenement buildings with new, 
appealing board products, should greatly 
enhance wallboard sales in the major 
urban areas. In 1967, 1.3 million private, 
nonfarm housing was begun, 11 percent 
below the level of 1967 and 1966 despite 
the higher interest rates in 1965 and 1966. 
Wallboard consumption decreased only 1 
percent from that of 1966. 

More than 56 percent of the output of 
crude gypsum in California was sold 
uncalcined for agricultural purposes. 
Thirty-four percent of the total crude 
gypsum production was utilized uncal- 


cined for cement, chemical, or sulfur 
manufacture. 
Forecasts indicated that the coming 


year’s nonresidential construction would 
be over $20 billion, and that the remod- 
eling market would account for $16 bil- 
lion. Predecorated wallboard, now avail- 
able in a variety of colors and vinyl fin- 
ishes, should appeal to home decorators 
and do-it-yourselfers, and give gypsum 
board manufacturers a fair share of this 
market. Consequently, gypsum producers 
were extremely optimistic about the future 


of the industry despite the mild slump in 
construction sales in 1967. Quality of con- 
struction is expected to improve, and 
consequent greater use of more expensive 
finish plasters and multiple layered wall- 
board is expected. 

Gypsum construction is expected to 
assume more importance in public and 
hospital buildings, both scheduled for 
major increases. College construction, an- 
other appropriate area for gypsum con- 
struction, is also expected to show gains, 
as in the construction of commercial and 
manufacturing buildings. The sharp drop 
in residential construction was expected 
to level out in the long run, and most 
forecasters predicted that housing develop- 
ment would be on the increase in 1968. 

Basic research and development of new 
products continued to lead the way to- 
ward many new applications of gypsum. 
The Gypsum Association published a 
manual on fire-resistive constructions, list- 
ing fire test information for residential, 
commercial, industrial, and institutional 
buildings.? 


2Gypsum Association. Design Data on Fire 
Resistance. 1967, 60 pp. 
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Calcined: 


Building: 
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sold or used in the United States, by uses 


(Thousand short tons and thousand dollars) 


W Withheld to avoid disclosing individual company confidential data; included with “Other.” 


Table 4.—Gypsum products (made from domestic, imported and byproduct gypsum) 


1966 1967 
Use — o 
Quantity Value Quantity Value 
Uncalcined: 
Portland-cement retarder- rr 3,372 $15,544 3,154 $14,704 
Agricultural gypsum- -----------------------------—-- 1,240 5,195 1,280 5,466 
Oer ⁵ðV yy 81 705 77 712 
7 ͥͥ ͥ]³6Üðid — —————ÓÉs— 4,693 21,444 4,511 20 , 882 
Industrial: 
Plate-glass and terra-cotta plas ters 46 706 33 498 
Pottery olasterg 2 eee. 50 1,220 50 1,246 
Dental and orthopedic plasters- ------------------ 16 667 15 614 
Industrial molding, art, and casting plasters______ — 122 2,741 108 2,408 
Other industrial use 88 3,605 87 3,522 
P ³˙Ü¹vis1BU ⁰ůuu-..ͤ St te eee 322 8,939 293 8,288 
Plasters: 
Base-coat-- :: ͥ ³³ / AAA 680 13,067 561 10, 928 
Veneer plaster (basecoat and finishes)... .......... (4 (4) 34 1,664 
Mill-mixed basecoats (sanded and perlited) -_______- 391 10 ,396 328 8,485 
To mixing oiants 
Gaging and molding- ---------------------------- 101 2,372 80 2,006 
Prepared fin isses. 18 1,252 8 758 
N EE ae, Be d Gaga 354 5,647 334 5,582 
Keene’s cement- -2222222222 20 847 16 462 
Other ͥͥ⁰ͥ—ð¹¹¹wſſſ y 15 404 12 583 
/) MC E E E EN 1,579 33 ,985 1,373 30 , 468 
Prefabricated products --------------------------- 61,832 312,503 7,647 302, 680 
, ⁵³ðL 346,488 ....... 333,098 
Grand total, value. |. $76,981 ....... 362,268 


! Ineludes uncalcined gypsum for use in filler and rock dust, in brewer's fixe, in color manufacture, and for 
unspecified uses. 


2 Includes dead-burned filler, granite polishing, and miscellaneous uses. 


3 Includes joint filler, patching, painter's, insulating, unclassified building plasters, and ouantity and value 


indicated by symbol W. 
4 Included in ''Sanded and premixed perlite” and “Prepared finishes.” 


5 Excludes tile. 
5 Includes weight of paper, metal, or other materials. 
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Table 5.—Prefabricated products sold or used in the United States, by products 


1966 1967 
Thousand Thou- Thousand Thou- 
Product square sand Value square sand Value 
feet short (thou- feet short (thou- 
tons 1 sands) tons ! sands) 
Lath: 
$36 inen 953,817 702 $24,764 809, 407 596 $21,330 
16 Incl... olv sk ke 118,289 115 4,957 131,325 126 4,884 
Other?... nn 7,226 9 842 7,828 10 403 
TOUR /ͤo;* ͤk- . ed 1,078, 832 826 29, 463 948, 560 732 26,617 
Wallboard: 
14 ine o llle E Reds ees 112,896 69 8,070 104,023 59 2,478 
inen 8 1, 504, 604 1,127 50, 800 1,354,634 1,012 45,035 
Le inen 4,824,505 4,769 185,646 4,966,794 4,789 184, 877 
iner te 626,060 780 84,360 654,821 793 34,771 
Ehe Ee Yz 16,230 29 1,225 8,648 17 763 
Pl! A zc 7,084, 295 6,774 275,101 7,088, 920 6, 670 267,919 
Sheathing- -------------------- 173,147 176 5,635 192 , 838 192 5,835 
Laminated boar 45,818 4 291 4 5,694 6 852 
Formboard. ..................- 49,474 52 2,018 44,645 47 1,907 
Grand total §___________- 8,391,566 1,832 812,503 8,280,657 iu 7,647 302, 630 


1 Includes weight of paper, metal, or other materials. 


2 Includes a small amount of 4-inch, 5/s-inch, and 1-inch lath. 
3 Includes a small amount of 54.-inch, 34-inch, 15/s-inch, and 334-inch wallboard. 


4 Area of component board and not of finished prod 


ucts. 


š Excludes tile, for which figures are withheld to avoid disclosing individual company confidential data. 


PRICES 


Prices (base rates) for truckload lots 
of gypsum products in 20 U.S. cities are 
published monthly in Engineering News- 
Record. Neat plaster averaged $32.99 per 
ton, and ranged from $26 in Boston and 
Minneapolis to $47.75 in Seattle. Gauging 
plaster sold for an average of $39.13 per 
ton, and ranged from $29 at Detroit to 
$52 at Cleveland. One-half-inch gypsum 
board averaged $61.35 per thousand 
square feet, and ranged from $44 at De- 
troit to $80 at Boston. Quotations for 
34-inch board averaged $52.14 and ranged 


from $38 at Detroit to $63 at Pittsburgh. 
Three-eighths-inch gypsum lath averaged 
$42.29 and ranged from $29 in the De- 
troit market to $58.75 at Seattle. Tongue 
and groove sheathing averaged $57.08 
and ranged from $40 in the Detroit area 
to $89 at Los Angeles. 

Major gypsum companies announced 
price increases early in 1967 of about 
5 percent. The increase was effective 
throughout the year in raising the average 
price for gypsum products 3 percent 
above the level of 1966. 


FOREIGN TRADE 


Imports of crude gypsum decreased 14 
percent compared with those of 1966, as 
demand for gypsum products in the 
United States slackened. Imported gyp- 
sum was 33 percent of the total crude 
gypsum supply. Canada provided 81 per- 
cent of the total crude imports; Mexico, 
14 percent; Jamaica, 3 percent; and 
Dominican Republic, 2 percent. 


Table 6.—U.S. exports of gypsum and 
gypsum products 


(Thousand short tons and thousand dollars) 


Other 
Crude, crushed manufac- Total 
Year or calcined tures value 
— — n. e. c., 
Quantity Value value 
1965 28 $1,112 $920 $2,032 
1966. .... 38 1,458 1,216 š 
1967 39 1,707 1,211 2,918 
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Table 7.—U.S. imports for consumption of gypsum and gypsum products 


(Thousand short tons and thousand dollars) 


Crude Alabaster Other 
manufac- manufac- Total 
Year (including anhydrite) Ground or calcined tures ! tures value 
— ——— —— P Aa m  —...m.— value n.e.c. 
Quantity Value Quantity Value value 
1968 3 5,911 $11,848 1 $65 $1,055 $360 $13,328 
19860 5,479 15,761 2 91 985 444 17,281 
Ki EEN 4,722 9,723 490 86 855 689 11,353 
! Includes imports of jet manufactures, which are believed to be negligible. 
Table 8.—U.S. imports for consumption of crude gypsum 
(including anhydrite), by countries 
(Thousand short tons and thousand dollars) 
1966 1967 
Country — — —— — — — — — —— 
Quantity Value Quantity Value 
Canadi- oos oe cee —¹ö w ⅛Ü—¾˙ eee ee 4,381 $8,966 3.827 $7,770 
e , NEE OI 9 
Dominican Republic 67 216 87 282 
Ree 1 8 
ö CN Mr mx ˙²˙⸗ eee =E, (1) 2 
JJ s ⁰¾ ¹ͤ¹ͥ¹wuo E ER LM Sues a 172 528 145 505 
P ee (1) J sstbeeseoe 
MeXIGO. EE 830 5,996 656 1,065 
Netherlands Antilles 29 77» 88 
New f/ ² ²ſ- AA CoD idi E 6 87 
% ͥ acme tek A 5, 479 15,761 4,722 9,723 


1 Less than Lé unit. 


WORLD REVIEW 


Canada.—British-American Construc- 
tion and Materials Ltd. (BACM) brought 
into production its new 700-ton-per-day 
gypsum mine at Amaranth, Manitoba. 
The mine will supply a 500-ton-yer-day 
BACM wallboard plant at Winnipeg, 
Manitoba, and a new BACM wallboard 
plant at Saskatoon, Saskatchewan. The 
mine was developed by a 10-foot-diameter, 
550-foot sloping tunnel at an angle of 
15?, to a depth of 140 feet. Initial cost 
was estimated at $350,000. 


Greece.—Discovery of a gypsum de- 
posit estimated to contain 1 billion tons 
was reported on the Island of Crete by 


Litton Industries. The deposit is easily 
minable and accessible to large-tonnage 
vessels through the Bay of Psira. 


Jamaica.—Caribbean Cement Co. Ltd., 
of Kingston, Jamaica, announced forma- 
tion of the Caribbean Gypsum Co., Ltd. 
Operation will be under all-Jamaican 
management. 


United Kingdom.—Imperial Chemical 
Industries Ltd. added two specially con- 
structed, articulated four-wheel North- 
field-type, 20-ton trucks to its fleet at the 
anhydrite mine at Billingham, Durham. 
The units are specially designed for dusty 
operating conditions underground. 
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Table 9.—World production of gypsum, by countries 1 2 3 
(Thousand short tons) 


Country 1 1968 1964 1965 1966 1967 p 
North America: 
Canada 4....... 2222 ee r 5,955 6,361 6,306 r 5,976 4,922 
United States 10,388 10,684 10,033 9,647 9,393 
Middle America: 
GR RE ES r 29 r 28 NA NA NA 
Dominican Republic............... 89 121 99 100 NA 
Guatemala __ LLL ee 16 d r10 13 NA 
Honduras. ............ 22 2S2 c... r3 r5 1 13 NA 
nine. teg 256 215 234 244 NA 
OXICO EES 1,210 1,284 1,192 1,269 NA 
Nicaragua 3 NA 
Trinidad.. 2. LL L-.- 8 3 2 2 NA 
South America: 
Argentina_______ LR ESEZexm 216 170 259 r 258 NA 
Brasil. c he DD E 116 93 8 r 88 NA 
Chis o re kr 128 131 r 111 132 NA 
Colombia 112 118 123 127 NA 
Paraguay............--.--222-.2..- (r) 1 2 3 NA 
a EE EE 57 55 73 70 NA 
Venezuela ... llc LLL LLL ss ll r 72 r 82 r 95 r 95 NA 
urope: 
Austrian 8 644 626 681 856 e 834 
Bulgaria 110 142 192 e 200 e 200 
Czechoslovakia 333 387 r 365 r 892 NA 
Pranceíé is oe ee 4,639 5,415 5,526 e 5,500 NA 
Germany: 
East EE 284 295 287 r 289 NA 
West (marketable )) 1,255 1,409 1,433 r 1,451 1,4933 
Gesees e105 e 90 e110 
Ireland 225 255 e 240 e 240 NA 
GOV ote ete eee d AE N 2,638 2,785 8,614 e 3,600 NA 
Luxembourg 7 8 6 e NA 
POlANG WEE 645 e 838 e 840 e 840 NA 
Portugal. u i TZ oe Bs eee . 66 72 89 124 NA 
PAIN. EE 4,258 3,146 r 3,408 NA NA 
LR ek mpʒ; ee a cel he 4,673 4,633 4,788 e 4,900 e 5,000 
United Kingdom 4,558 5,056 4,922 4,804 e 4,950 
Yugoslavia... . 2 2L LLL LLL sls 152 171 184 r 186 187 
Africa: 
Algeria €... et tee es elc 195 195 195 195 190 
RE: NEES 16 11 e 11 e 11 
Ethiopia NA e 4 e3 r 6 e 6 
CONV EE 23 81 88 87 e 87 
eege 8 (6) 2 3 e 3 
Morocco E EE r 45 55 r 80 r 90 100 
1/ôö§ö%ĩ0öꝗ½ri.ĩx?³ẽ“ktã. SPERO RENE 2 e2 e2 
South Africa, Republic of 207 265 335 327 e 328 
%%%%/%/é[(êõ¹—1-A1ͤCOCCç¶in-( y y ec 5 5 5 2 e° A 
! l a A etd 2 3 5 5 e 6 
BHHIBIÉ EG 20 e 20 e 20 er 25 e 28 
iz United Arab Republic - 500 372 r 505 506 e 280 
sia: 
Bürmaü:.l ee es Se eos rg r 10 (6) e 2 e 2 
China (mainland) 550 650 650 650 550 
VDIUB EES 110 50 e 67 50 e 51 
OIG EE 1,318 973 r 1,279 1,425 NA 
ER  ——— S lait us c er 1,100 1,300 1,700 2,000 1,995 
Irag e. u ulus chase ache Si etes 550 550 550 550 550 
Israel è EE 115 r 120 r 120 r 95 95 
TT EEN 863 828 716 659 NA 
Sd. tiep e 10 (r) (r) (r) NA 
1777;ö·Ü ũ ũmQ— O.... ee ied i gua. | Sinka 30 e 30 
Mongolinga aaa 17 22 22 22 22 
Pakistan r 218 r 215 r 165 r 125 NA 
Philippines 34 45 30 r 17 NA 
Saudi Arabia e 40 e 33 25 28 e 28 
Syrian Arab Republic e 17 22 e 17 e 17 NA 
Taiwan... edm 29 19 31 9 NA 
Thailand -22-222 2aaaaMM 26 46 12 44 NA 
Turkey 198 e 220 e 240 e 240 e 240 
Oceania: Australia r 770 r 881 934 r 896 NA 
fo) EES r 50,172 r 51, 638 r 53, 076 r 49, 629 NA 
e Estimate. P Preliminary. r Revised. NA Not available. 


1 Gypsum is also produced in Rumania and Switzerland, but production data are not available. Production 
in Bolivia and Ecuador is negligible. 

2 Total is of listed figures only; no undisclosed data included. 

3 Compiled from data available April 1968. 

4 Includes anhydrite. 

5 Crude production estimates based on calcined figures. 

6 Less than 1⁄4 unit. 

? Year ended March 20 of year following that stated. 

s Year ended March 31 of year following that stated. 


558 


MINERALS YEARBOOK, 1967 


TECHNOLOGY 


Studies of gypsum deposits, chemistry, 
and reactions were continued in 1967 as 
several important papers were published. 
The gypsum deposits at Shoals, Ind. were 
described, detailing recent exploration 
for commercial extensions of the minable 
beds. Stratigraphy, depositional environ- 
ment, and mining facilities of the district 
were included.“ 

A publication described Kaiser Gyp- 
sum Co’s. new wallboard plant at Del- 
anco, N.J., including flowsheets. The 
highly automated plant has an annual 
capacity of 180 million square feet of 
gypsum board products and 40,000 tons 
of plaster. Complete dust collection and 
television control systems are in use.“ 

The Bureau of Mines began pilot-plant 
experiments to recover elemental sulfur 
and byproducts sodium carbonate and 
calcium chloride from gypsum at the Salt 
Lake City Metallurgy Research Center. 
Planned research, using small tube, rotary- 
kiln, fluidized-bed reactors and continuous 
ion exchange, promises important new uses 
for gypsum in basic chemical manufacture. 

The number of patents on gypsum prod- 
ucts and manufacturing processes reached 
a high in 1967 as new research facilities 
came on stream. Several methods for im- 
proving the calcining process in gypsum 


manufacture were patented. One of the 
most important was a new type of kettle 
reactor containing an automatic flue sys- 
tem and ventilator.” Other improvements 
in calcining included the introduction of 
a two-stage apparatus for plaster produc- 
tion, a method for quality control of 
plaster, a technique for providing greater 
soakability and workability of plaster, and 
a process for controlling air entrainment 


in mixing gypsum, foam, and additives.“ 


3 French, Robert R. Geology and Mining of 
Gypsum in Southwestern Indiana. Indiana 
Acad. of Sci., v. 76, 1967, pp. 318-822. 

4 Taeler, David Gypsum Plant By-The- 
Numbers. Miner. Proc., v. 8, No. 1, January 
1967, pp. 16-20. 

S Conray, Joseph E, and J. Sharland 
Jorgensen (assigned to Georgia-Pacific Corp., 
Portland, Oreg.). Apparatus for Continuous 
Calcination of Gypsum. U.S. Pat. 3,307,915, 
Mar. 7, 1967. 

6 Chassevent, L. E., and N. Goulounes (as- 
signed to Lambert Fréres and Cie., Paris). 
Method and Apparatus for Calcining Gypsum 
1 Nki Stages. U.S. Pat. 3,312,455, Apr. 4, 

Gall, R. W. (assigned to Kaiser Gypsum 
Co., Oakland, Calif.). Method of Grinding 
and Introducing a Set-Control Agent Into a 
Gypsum Slurry. U.S. Pat. 3,314,613, Apr. 18, 


1967. 

Plemans, H. F., and M. D. S. Fields (as- 
signed to National Gypsum Co., Buffalo, N.Y.). 
Process for Making Gypsum Board. U.S. 
Pat. 3,343,818, Sept. 26, 1967. 

Shull, John D., Jr. (assigned to National 
Gypsum Co., Buffalo, N.Y.). Gypsum Product. 
U.S. Pat. 3,828,121, June 27, 1967. 


Helium 


By Edwin M. Thomasson ' 


Total consumption of grade A helium 
during 1967 in the United States decreased 
slightly to 907.2 million cubic feet? from 
the record 947.6 million cubic feet used in 
1966. Of the grade A helium sold (and 
presumably used) during 1967, a total of 
300.2 million cubic feet was produced and 
sold by the private helium industry, not 
connected in any way with the Federal 
helium program. Federal sales of grade A 
helium were 607.0 million cubic feet, as 
compared to the 808.6 million cubic feet 
in 1966. Most of this decline was attri- 


buted to decreased activity in the Nation's 
space program. 

Under the helium conservation program, 
the Bureau of Mines purchased 3,618.7 
million cubic feet or essentially the same 
volume as the 3,617.1 million cubic feet 
purchased in 1966. 

The Bureau of Mines continued to sell 
helium at $35 per thousand cubic feet, the 
price established in 1961. Private helium 
plants operating independently of the Gov- 
ernment’s program sold helium at some- 
what lower prices. 


PRODUCTION ° 


Helium was produced at 13 helium ex- 
traction plants in the United States during 
1967. These plants can be segregated into 
three categories: (1) Plants owned by the 
Federal Government and operated by the 
Bureau of Mines; (2) "conservation" 
plants, privately owned and operated, 
producing only crude helium (50 to 85 
percent purity), which is purchased by the 
Bureau of Mines as part of the national 
helium con_c.vai.on program; and (3) pri- 
vately owned and operated plants produc- 
ing grade A helium for independent sale 
to commercial (non-Federal) customers. 


Production from all 13 plants during 


1 Staff engineer, Office of Assistant Director— 
Helium. 

2 All volumes of gases reported in this chapter 
are measured at 14.“ pounds per square inch ab- 
solute and 70° Fahrenheit. 

3 The following terms have these meanings: 
Grade A helium—helium having a purity of at 
least 99.995 percent (impurities of 50 parts per 
million or less). The principal impurity of grade 
A helium is neon. Crude helium—helium having 
a purity of from 50 to 85 percent by volume, the 
primary impurity being nitrogen. Crude helium 
may contain some hydrocarbons. Only the actual 
volume of the helium contained in the helium- 
nitrogen mixture is reported. For example, 
100,000 cubic feet of such a mixture, containiny 
70 percent helium, is reported herein as 70,000 
cubic feet of crude helium. 


Table 1.—Ownership and location of helium extraction plants in the United States 


Plant 
category! Owner or operator 

1 Bureau of Mines 
1 OO EE 
1 (O GEES 
1 (O EE 
1 (| EES 
2 Cities Service Helex, Inc.. 
2 National Helium Cor 
2 Northern Helex Co______________----__- 
2 Mus Gm Petroleum Co------------------- 
25 L AOs ae EEN 
3 Kerr-McGee Corp, 
3 Kansas Refined Helium F 
3 Alamo Chemical COOoOo 

! See text. 


Location Type of production 
tene Amarillo, Tex. ........... Grade A helium. 
md Exell, Tef -einan Do. 

"ove . Keyes, ITT ˖ ( Do. 

uer Shiprock, N. Mex. ` Do. 

eee Utis, Kans.?............. Crude helium only. 
3 Ulysses, Kans............ Crude helium only. 
rS Liberal, Kans............ Do. 

"uM Bushton, Kans...........- Do. 

ME Dumas, "Tex 55 

ed Hansford Co., Tex........ 

uc E ac Navajo, Ariz............. Grade Á helium.? 
PRIM. Otis, Rang 


Doi 


? Plant operated as part of the national helium conservation program. No sales from plant. 


3 Plant equipped to produce liquid helium. 
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1967 was 4,769.7 million cubic feet, a 5.4- 
percent increase over the 4,524.7 million 
cubic feet produced in 1966. 


Table 2.—Helium production in 
the United States 


(Million cubic feet) 


Year Production 
1965. ff TERRE mea ee 4,365.1 
1966 — ee uu T ee cas 4,524.7 
DOG Te oes ated, och ie ee a ae 4,769.7 


Bureau of Mines Plants.— The Bureau 
of Mines owns and operates five helium 
plants. Four of these plants produce grade 
A helium, while the fifth, located at Otis, 
Kans., produced only crude helium. The 
latter plant, operated as part of the helium 
conservation program, produced 37.4 mil- 
lon cubic feet of crude helium during 
1967. 

The other four plants produced a com- 
bined total of 714.8 million cubic feet 
during the year, a decrease of about 12 
percent from the 812.4 million cubic feet 
produced in 1966. Each Bureau plant proc- 
essed essentially all available natural gas 
and operated without difficulty throughout 
the year. 
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Table 3.—Production of grade A helium by 
Bureau of Mines plants 
(Million cubic feet) 


Production 
Plant location 1966 1967 
Amarillo, Tek 62.7 60.8 
Exell, Tex LL... 301.4 273.8 
Keyes, Okla___ ..........- 352.4 309.0 
Shiprock, N. Mek 95.9 71.2 
Total. 812.4 714.8 


Conservation Plants.— The five helium 
conservation plants which produce only 
crude helium, are owned and operated by 
private companies. Output of these plants, 
however, is purchased under long-term 
contracts by the Bureau of Mines. 

During 1967, the five conservation plants 
produced and delivered to the Bureau of 
Mines 3,618.7 million cubic feet of crude 
helium, essentially the same volume as the 
3,617.1 million cubic feet delivered in 1966. 
Two of the plants produced 101.3 million 
cubic feet in excess of their contract re- 
quirements, of which 57.4 million cubic 
feet was stored by the Bureau of Mines in 
the Cliffside gasfield for the credit of the 
producers and 43.9 million cubic feet was 
sold to one of the privately owned plants 
where it was purified to grade A quality 
and presumably resold to non-Federal cus- 
tomers. 


Table 4.—Helium purchased by the Bureau of Mines for conservation 
(Million cubic feet) 


Company and location of plant 


Helium delivered 


1963 1964 1965 1966 1967 
Northern Helex Co., Bushton, Kanns 208.1 493.9 585.1 565.5 654.9 
Cities Service Helex, Inc., Ulysses, Rang - _ _- 75.3 492.2 638.6 717.4 1 740.6 
National Helium Corp., Liberal, Kans....... 457.5 1,184.4 1,310.2 2 1,303.7 11, 245. 6 
Phillips Petroleum Co., Dumas, Tex. ........ 197.7 458.7 513. 6 539.8 551.2 
Phillips Petroleum Co., Hansford Co., "Tex 481.7 563.9 502.1 490.7 426.4 
Mr ³ꝛ¹wmL nE 1,420.3 3,193.1 3,549 .6 3,617.1 3,618.7 


1 Does not include net total of 57.2 million cubic feet stored for these companies, but not purchased by 


Bureau of Mines. 


2 Does not include 57.6 million cubic feet stored for this company, but not purchased by Bureau of Mines. 


Private Plants.—The three private heli- 
um extraction plants, produce grade À 
helium for sale to commercial customers, 
and all have the capability of producing 
large volumes of liquid helium. The Kerr- 
McGee Corp. plant at Navajo, Ariz., com- 
menced operations in 1961; the other two 
plants began sustained production during 


1966. 


The combined output of the three plants 
is estimated to be 300.2 million cubic feet 
in 1967, an increase of about 115 percent 
over the estimated 1966 production of 
139.0 million cubic feet. 

Shipments (sales) of grade A helium 
from Bureau of Mines plants in 1967 
totaled 607.0 million cubic feet, a decrease 
of 201.6 million cubic feet or about 24 
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Table 5.—Helium in conservation storage 


(Million cubic feet) 


Amount stored Amount 
withdrawn Amount in storage 

Year From Bureau of From conservation from on Dec. 31 

Mines plants plants 1 storage 2 
19682. 8 3 522.2 2.4. ongles 524.6 
19688 165. 0 I EE 2,109.9 
1964________-_____- 131.0 3,193.1 0.7 5,433.3 
19858 8 114.1 13, 527.3 1.9 9,072. 8 
1966 71.1 5 3, 586.4 10.1 5 12,720. 2 
18; ͤũ Rh 166.8 6 3,676.1 36.1 16, 527.0 


1 Some crude helium purchased from conservation plants is purified for shipment to meet peak demands 
prior to conservation storage; consequently, the amounts shown are not necessarily identical to the amounts 
purchased by the bureau of Mines and shown in table 7. 


2 Withdrawn incidental to operation of Cliffside field. 


3 Stored during 1962 and previous years. 
4 Adjusted from data previously reported. 


5 Includes 50.2 million cubic feet stored for (1) 1 conservation company, and (2) 1 private company but 


not purchased by Bureau of Mines. 


6 Includes net 57.4 million cubic feet stored for 2 conservation companies but not purchased by Bureau of 


Mines. 


percent from the 1966 sales of 808.6 
million cubic feet. This decrease in Bureau 
of Mines sales was attributed to three 
factors: (1) Decreased activity in the Na- 
tion's space programs caused by the Apollo 
disaster at Cape Kennedy in January 1967; 
(2) the general cutback in all govern- 
mental programs not related to the Viet- 
Nam conflict; and (3) the growth of the 
private bel um industry which in 1967 sup- 
plied virtually all grade A helium to the 
civilian market. Federal agencies are re- 
quired by law to obtain their major 
helium requirements from the Bureau of 
Mines. 

In delivering the 607.0 million cubic feet 
of helium to its customers, the four Bureau 
plants filled and dispatched 1,707 railway 
tank cars, 1,023 highway semitrailers, and 
150,542 standard gas cylinders. The 
Bureau's plant at Otis, Kans., produces 
only crude helium and therefore made no 
shipments. 

The Amarillo, Tex., plant is specially 
equipped to fill, process, load, and ship 
helium in standard gas cylinders (Inter- 
state Commerce Commission 3A and 3AA 
cylinders), and all cylinder shipments 
originate there. All plants are equipped to 
load and ship both railway tank cars and 
highway semitrailers. Rail shipments were 
made from the Gallup, N. Mex., shipping 
terminal connected by pipeline to the 
Navajo plant at Shiprock, and highway 
semitrailers can be serviced at either the 
plant or the shipping terminal. All ship- 
ments from Bureau of Mines plants were 
as a compressed gas, and facilities permit 


filling shipping containers to a maximum 
pressure of 4,000 pounds per square inch 
at 70° Fahrenheit. 

Redistribution of helium by private 
companies, under contracts with the Gen- 
eral Services Administration, continued 
satisfactorily. The private companies pur- 
chase helium from the Bureau of Mines 
in bulk, repackage it in smaller containers, 
and distribute it to the helium-using Fed- 
eral agencies. The purpose of these con- 
tracts is to make relatively small quantities 
of helium readily available to the agencies 
and to reduce freight charges on small 
quantities. 


Table 6.—Shipments of grade A helium 
from Bureau of Mines plants, in 1967 


(Million cubic feet) 


Shipments 

Total 
Plant Non- ship- 
Federal Federal ments 

agencies cus- 

tomers ! 

Amarillo, Tex 49. 0 49.7 298.7 
Exell, Tek 184.8 28.9 163.7 
Keyes, Okla......... 167.2 106.2 273.4 
Shiprock, N. Mex... . 67.6 3.6 71.2 
Total. 418.6 188.4 607.0 


! A large part of this helium is redistributed by the 
Bureau's non-Federal customers to Federal agencies 
and their contractors; hence, these data are not 
indicative of actual helium use by the Bureau's 
non-Federal customers. 

? The Amarillo and Exell plants are connected by 
a grade A helium pipeline, primarily vpisa ^ the 
cylinder loading facility at the Amarillo plant. Thus, 
shipments from the Amarillo plant exceed plant 
production. 
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CONSUMPTION AND USE 


Table 7.—Shipments of grade A helium from Bureau of Mines plants to various customers 
(Million cubic feet) 


Recipient 


Federal agencies: 
Department of Defense 
Atomic Energy Commission. - - - - —— 
National Aeronautics and Space Administration. 
Weather Bureau ._. 2... 


Non-Federal customers !____..._.....--------- 
Grand totallnnnsnsn 


1966 1967 
Quantity Percent Quantity Percent 
282.9 28.8 226.1 87.3 
52.9 6.5 39.3 6.5 
214.7 26.6 147.0 24.2 

5.8 7 5.5 .9 
.6 1 7 .1 
505.9 62.7 418.6 69.0 
801.7 37.3 188.4 31.0 
808.6 100.0 607.0 100.0 


1 À large part of this helium is redistributed by the Bureau’s non-Federal customers to Federal agencies 
and their contractors; hence, the data herein are not indicative of actual helium use by non-Federal customers. 


As previously stated, private companies 
produced an estimated 300.2 million cubic 
feet of grade A helium during 1967. Sub- 
stantially all of this volume of helium was 
sold as produced since the plants have 
little storage capacity. Thus, when com- 
bined with sales from Bureau of Mines 
plants, the total grade A helium delivered 
to customers and presumably used during 
1967 was 907.2 million cubic feet. This is 
a decrease of 40.4 million cubic feet from 
the 947.6 million cubic feet delivered and 
used in 1966. 

The Nation’s space and missile program 
continued to be the largest user of helium. 
However, as indicated by the steadily 
rising sales to private (non-governmental ) 


customers, industrial applications of 
helium are increasing substantially. Re- 
search applications contributed to the 


rapidly increasing consumption of helium. 


Table 8.—Grade A helium used in the 
United States 


(Million cubic feet) 


Year Quantity ! Year Quantity 1 
19832 „—UU 680 1965 757 
19688 — 662 1966 — 948 
1964 713 1967 — 907 


1 Includes helium produced and sold by privately 
owned helium extraction plants 


RESOURCES 


A continuing survey of the helium re- 
sources of the United States is conducted 
by the Bureau of Mines. Natural gas sam- 
ples from fields and wells throughout the 
country are obtained and analyzed for 
helium content. During 1967, 424 samples 
from 20 States and four foreign countries 
were subjected to analysis. No significant 
new deposits of helium-bearing natural gas 
were identified during the year, although 
several new discoveries may be significant 
when further drilling permits a thorough 
evaluation. 

U. S. helium reserves,* in helium-bearing 
natural gas are estimated to be approx- 
imately 195 billion cubic feet as of January 
1, 1965. This estimate excluded the helium 
then stored in the Cliffside gasfield near 
Amarillo, Tex., as part of the national 


helium conservation program, but does in- 
clude the helium contained in the remain- 
ing native natural gas in the Cliffside 
field. 

Almost 90 percent of these reserves are 
located in five major _helium-bearing 
natural gasfields: (1) The Hugoton field 
of Kansas, Oklahoma, and Texas, (2) the 
Panhandle field of Texas, (3) the Keyes 
field of Oklahoma, (4) the Greenwood 
field of Kansas and Colorado, and (5) the 
Cliffside field of Texas. All of these fields 
are within about 200 miles of Amarillo, 
Tex. 


4 As used herein, the term “helium reserves 
means the volume of helium contained in helium- 
bearing natural gasfields (or groups of fields in 
close geographic proximity which can be devel- 
oped as a single entity) containing at least 100 
million cubic feet of helium and having a helium 
content of at least 0.3 volume-percent. 
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Other helium-bearing natural gas de- 
posits are located in western Colorado, 
eastern Utah, northwestern New Mexico, 
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Arizona, Wyoming, and Montana. In all, 
some 85 natural gasfields are known to 
contain reserves of helium. 


FOREIGN TRADE 


Helium is exported under licenses issued 
by the Office of Munitions Control, U.S. 
Department of State. Exports amount to 
less than 2 percent of the annual domestic 


consumption. It is believed that most ex- 
ported helium is used in fundamental and 
applied research, in chromatography, and 
in various atomic energy applications. 


WORLD REVIEW 


In December 1963, a helium plant near 
Swift Current in Saskatchewan Province, 
Canada, commenced operation. The plant 
produces grade A helium from a small, 
nonflammable helium-bearing gas deposit. 
During 1967 the plant was enlarged to an 
annual capacity of approximately 36 mil- 


lion cubic feet. While some helium from 
the plant is marketed in Canada, most of 
it is exported to Japan and other Asian 
countries. The Canadian plant is the only 
facility in the free world, other than the 
United States, that extracts helium from 
natural gas. 
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Iron Ore 


By F. E. Brantley ' 


Additional reserves of iron ore continued 
to be proved throughout the world and 
were added to the surpluses which have 
resulted in a buyers market for several 
years. Lower grade ores declined further 
in value, and in some areas of Europe 
mines remained open only through na- 
tional subsidies. Pelletized ore was being 
established as a sizable segment of the 
international ore market, and production 
of metallized iron ore products was under 
consideration by several countries for ex- 
portation as well as internal consumption. 

Distances between producing and con- 
suming countries were effectively narrowed 
in terms of cost as ore carriers of increased 
capacity, and more efficient ore handling 
equipment were placed in service. 


The world market for iron ore continued 
to expand in many areas. However, in 
the United States 1967 was a recession 
year for iron ore with production declin- 
ing as the demand for steel weakened in 
the automotive and other industries. Pro- 
duction was down an estimated 30 per- 
cent in mainland China due to political 
unrest throughout the year. 

Exploration activities continued in 1967. 
Expansions of facilities planned or in 
progress throughout the world prepared 
for continued growth of the industry to 
keep pace with expected increases in 
population and income. 


1 Commodity specialist, Division of Mineral 
Studies. 


Table 1.—Salient iron ore statistics 


(Thousand long tons and thousand dollars) 


1963 
United States: 
Iron ore (usable;! less than 5 per- 
cent Mn): 
Production 2................. 73,599 
Shipmentss . .......- 73, 564 
Value? 2.22.22. $678,181 
Average value at mines 
per ton $9.22 
port 6,812 
Value 376, 340 
Imports for consumption. ..... 33,263 
SITE, $323,158 
Consumption 112, 535 
Stocks Dec. 31: 
At mines zz 11, 099 
At consuming plants 54,971 
At U.S. docks. ........... 5, 347 


Manganiferous iron ore (5 to 35 
percent Mn): 
Shipments. ...............-.- 485 
World: Production 515,135 


1964 1965 1966 1967 
84,836 87,439 90,147 84,179 
84,300 84,073 90,041 82,415 
$802,331 $801,350 $854,134 $817,511 
$9.52 $9.53 $9.49 $9.92 
6,963 7,085 7,779 5,943 
$79, 670 $80, 418 $92,157 $71,585 
42,408 45,103 46,259 44,627 
$421,288 $443 , 788 $462,354 $444 , 079 
132,328 131,888 134,047 127, 424 
10,241 12, 667 12,160 13,230 
54,189 53, 799 54,658 55,221 
3,741 2,494 2,707 2,987 
213 333 246 289 
2 572,094 607 , 269 627, 974 618, 808 


1 Direct shipping ore, washed ore, concentrates, agglomerates, and byproduct pyrites cinder and ag- 


glomerates. 
2 Includes byproduct ore. 
s Excludes byproduct ore. 
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Figure 1.—United States iron ore production and imports for consumption. 


EMPLOYMENT 


Decreases of about 2 percent in the 
average number of employees and 10 
percent in the number of operating mines 
occurred in 1966 as shown in table 2, 
although crude ore production increased 
12 percent. This was due mostly to com- 
pletion of pellet projects, to increased ore 
output at large-scale taconite operations, 
and also to the continued closing of un- 
economical undergound mines and small 
open-pit operations. Taconite activity on 
the Mesabi range resulted in a 19-percent 
increase in employment in Minnesota. 
The highly efficient technologic methods 
used in mining and processing taconite 
helped raise production averages per man 
employed. 

Preliminary employment data for 1967 
is given in table 2-A. The trend in in- 
creased production of crude ore per man- 


hour due to the large scale taconite 
operations continued, although usable ore 
showed slight decreases. The decreases 
can be attributed in part to lower produc- 
tion per man during initial startup periods 
at new plants, and cutbacks in usable ore 
output due to lowered steel production 
without corresponding employment reduc- 
tions in ore operations during the year. 

The practice of mining companies main- 
taining a stable labor force by employing 
men all year even if they must be placed 
on jobs other than producing ore for part 
of the year has prevented a true measure 
of production based on labor. However, 
the increase in year-round production 
from the large-scale low-grade iron ore 
operations in recent years has helped to 
bring production and man-hour figures 
more into line. 
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DOMESTIC PRODUCTION 


The amount of domestic crude ore 
mined in 1967 was slightly higher than 
in 1966. The Lake Superior district 
recorded a gain of 4 million tons due to 
increased taconite operations, while the 
remaining districts showed a decrease. 
Magnetite gained 8 percent and accounted 
for 58 percent of the total domestic ore; 
hematite and brown ore were down by 
6 percent and 25 percent, respectively. 

Crude domestic ore from all under- 
ground mines accounted for less than 8 
percent of the total U.S. crude mined in 
1967. 

A significant number of mines were 
closed or were idle in 1967, including 16 
in the Lake Superior district. Most of 
them were small operations, many of 
which had opened in 1965 to help meet 
a rising domestic iron demand. 

Mines closed during the year included 
the Pioneer, Vermilion range, operated 
by U.S. Steel; Higgins No. 2, Mesabi 
range, operated by Pacific Isle Mining Co.; 
Armour No. 2, Cuyuna range, operated 
by Inland Steel Co.; Cliffs Shaft, Mar- 
quette range, operated by The Cleveland- 
Cliffs Iron Co.; and the Chateaugay, 
Lyon Mountain, New York, operated by 
Republic Steel Corp. 

Underground iron ore mining in Min- 
nesota ceased with the closing of the 
Pioneer and Armour No. 2 mines. 

The demand for usable ore was off 
during the year and production was down 
about 7 percent from that of 1966. The 
average iron content of usable ore in- 
creased from 57 to 58 percent, however, 
as the output of high-grade pellets in- 
creased. À more selective production of 
higher grade ores was evident in the 
smaller, natural-ore operations. 

On the Mesabi range, three large taco- 
nite projects began operations, United 


States Steel Corporation's Minntac com- 
plex at Mountain Iron, the Butler taconite 
plant near Cooley, and the National Steel 
pellet plant near Keewatin. The capacities 
of the three plants were to be 4.5, 2, and 
2.4 million tons per year, respectively. In 
addition, the annual capacity of Erie Min- 
ing Company's Hoyt Lakes plant was ex- 
panded from 7.5 million to 10.3 million 
tons. | 

Capactiy of the Groveland pellet plant 
of The Hanna Mining Co. in Michigan 
was to be increased from 1.6 million to 
2.1 million tons. 

The Pilot Knob project in Missouri, a 
joint venture of Hanna Mining and 
Granite City Steel Co., was under con- 
struction. This plant was expected to be 
completed in 1968 and to produce pellets 
at a rate of about 1 million tons per year. 

A depletion tax allowance bill passed 
and signed into law in Wisconsin resulted 
in a contract being awarded for con- 
struction of a taconite concentration and 
pellet plant at the Black River Falls mine 
of Jackson County Iron Co., a subsidiary 
of Inland Steel Co. The plant was sched- 
uled for completion in 1969 with a 
capacity of 750,000 tons annually. 

Total installed pellet capacity in the 
United States at the end of 1967 was 
estimated to be about 50 million tons. 

In Minnesota deep-drilling of taconite 
formations south of the present mine sites 
on the Mesabi proved the continuation 
of the known beds and increased potential 
iron resources in this district. Cores from 
the drillings were added to the Federal 
Bureau of Mines core library at Minnea- 
polis where total core storage passed the 
1 million linear foot mark during the year. 

The Geological Survey in publishing an 
aeromagnetic map of Southeastern Penn- 


sylvania discussed magnetic anomalies 
which could contain extensive ore 
deposits.* 


CONSUMPTION AND USES 


The method of reporting iron ore con- 
sumption adopted in 1963 was continued 
in 1967. Concentrate used for agglomerate 
produced at mine sites is not reported as 
iron ore consumption. Its consumption is 
reported when the agglomerate produced 
is shipped to the furnace site and con- 
sumed. Concentrate and fines used for ag- 


glomerate production (mainly sinter) at 
blast furnaces and steel mills is reported 
as iron ore consumed. This method of re- 
porting gives a valid balance between re- 
ported consumption and iron ore supply 


2Bromery, R. W., and Andrew  Griscom. 
Aeromagnetic and Generalized Geologic Map of 
Southeastern Pennsylvania. . Geol. Survey, 
Geophysical Investigations Map GP-577, 1967. 
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(production plus imports less exports in- 
cluding adjustments for losses due to pro- 
cessing and transporting). 

Iron ore consumed in making agglo- 
merate at steel mills includes foreign and 
domestic direct-shipping ores, fines gener- 
ated in shipping, and foreign and domestic 
iron ore concentrate. Other materials such 
as limestone, flue dust, mill scale, and 
coke breeze used in making agglomerates 
are excluded. 
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No production of nodules for furnace 
use was reported in 1967. Although pellet 
capacity was increasing rapidly it was 
not expected to replace sinter in the near 
future. 

Miscellaneous use data shown in table 
12 includes iron ore used in the manufac- 
ture of paint and coatings, cement, and 
ferrites, in ferroalloy furnaces, as aggre- 
gate in high-density concrete, and mag- 
netite used in heavy-media coal and ore 
processing plants. 


STOCKS 


Iron ore stocks at mines, U.S. docks, 
and consuming plants totaled 71.2 million 
tons at yearend; 55.1 million tons was at 
U.S. furnace plants and 3.0 million tons 
at U.S. docks according to the American 


Iron Ore Association. Stocks were above 
average at mines and consuming plants 
due to a buildup begun early in 1967 as 
steel production dropped from 1966 pro- 
duction levels. 


PRICES 


Base prices for Lake Superior 51.5 per- 
cent iron ores remained unchanged during 
1967. The quoted prices at rail of vessel, 
lower lake ports, per long tons were as 
follows: Mesabi nonBessemer, $10.55; 
Mesabi Bessemer, $10.70; Old Range non- 
Bessemer, $10.80; and Old Range Bes- 
semer, $10.95. Corresponding base long 
ton unit values were $0.20485, $0.20777, 
$0.20971, and $0.21262, respectively. Lake 
Superior pellets were quoted at $0.252 per 
long ton unit; Marquette open-hearth 
lump, $12.60 per long ton; and Vermilion 
open-hearth lump, $13.15 per long ton. 

Published minimum prices for selected 
foreign ores were as follows: 

Venezuela—Orinoco No. 1 (58 percent 
iron), f.o.b. Puerto Ordaz, $7.88 per 
long ton. 


Peru-f.o.b. San Juan, lump ore (62 
percent iron), $8 per metric ton; fine 
ore (62 percent iron), $4.75 per 
metric ton. 

Brazil-run-of-mine (68 to 69 per- 
cent iron), f.o.b. Atlantic port, $8.50 
per long ton. 

Goa-f.o.b. Mormugao Port, lump ore 
(58 percent iron), $5.45 per metric 
ton; fine ore (62 percent iron), $4.50 
per metric ton. (Government mini- 
mums for Goa). 

The average value of domestic usable 
ore per long ton f.o.b. mines, excluding 
byproduct ore, was $9.92, compared with 
$9.49 in 1966, and $9.53 in 1965. These 
values were compiled from  producers' 
statements and approximate the com- 
mercial selling price less the cost of mine- 
to-market transportation. 


TRANSPORTATION 


The first long distance movement of 
iron ore by -pipeline, the launching of a 
100,000-ton ore carrier, and plans to con- 
struct 125,000-ton ore carriers were an- 
nounced in 1967. 

The Savage River Mines pipeline in 
Tasmania, installed in lieu of rail trans- 
portation to move iron concentrate ap- 
proximately 53 miles from the mines to a 
pelletizing plant on the coast, operated 
successfully. The scheme involved moving 


the concentrate as a slurry of about 60 
percent solids through a O9-inch inside- 
diameter pipeline, with a travel time of 
about 14 hours. Although lighter solids 
such as coal have been handled by pipe- 
lines, this marked the first use of a pipe- 
line to move high-density solids such a 
distance. 

Since an increase in ore carrier size re- 
flects a decrease in cost per ton-mile for 
ocean movement of iron ore, vessels of in- 
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creasing size have been planned as port 
facilities could be constructed to accommo- 
date them. An agreement was announced 
in 1967 for the construction in Japan of 
two 125,000-ton capacity carriers for San 
Juan Carriers, Ltd., a wholly-owned sub- 
sidiary of Marcona Corp. They were 
scheduled for delivery in 1969 and 1970 
to join a 100,000-ton ore carrier launched 
in 1967. Additional carriers of the same 
size were planned by other companies. 

Also under consideration were 100,000- 
ton to 200,000-ton combination oil-iron 
ore carriers. These would reduce in-ballast 
time by transporting oil from the Persian 
Gulf to South American ports before load- 
ing ore for Japan. Further reductions in 
costs per ton-mile would thus be possible. 

Japanese interests planned to start a 
triangular shipping plan in 1968 using a 
large ore carrier to transport African or 
South American ore to Japan; the carrier 
would then move to Australia and load 
ore for Western Europe before returning 
to Africa or South America and repeat 
the cycle. 

Larger ore carriers in service on the 
Great Lakes were predicted in a few years 
with completion of the new 110-foot-wide 
Poe Lock at Sault Ste. Marie. U.S. Steel 
announced that a 45,000-ton vessel capable 
of unloading pellets at a rate of 10,000 
tons per hour would be built for lake 
service. 

The St. Lawrence Seaway authorities 
increased the maximum permissible vessel 
draft for Seaway transit from 25 feet 6 
inches to 25 feet 9 inches, which meant 
an increased allowance of about 300 tons 
for large vessels. The decision was based 
on favorable water levels prevailing in the 
lakes. 
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A number of new or improved port 
facilities were under construction or plan- 
ned around the world. A new port was to 
be constructed at Santa Cruz in the State 
of Guanabara, Brazil, and another was 
planned for the Republic of South Africa 
near the mouth of the Orange River. In 
Australia contracts for the construction 
of port facilities and deepening the channel 
at Port Hedland were awarded. In other 
ports handling iron ore, improvements 
being made were mainly for berthing the 
larger ore carriers, increasing storage 
facilities, and installation of equipment to 
increase loading or unloading time. On 
the Great Lakes, a $6 million taconite 
pellet handling and storage facility with a 
capacity of 2.2 million tons of pellets was 
dedicated near Superior, Wis., by the 
Great Northern Railway. 

The Chicago & North Western Railway 
planned to construct a $12.3 million iron 
ore transfer and storage facility at 
Escanaba, Mich., for operation in 1969. 
The initial stockpile capacity for pellets 
would be 1.5 million tons, and increased 
later to 3 million tons. 

Lake freight rates on iron ore were not 
increased in 1967. However, increases in 
dock charges were published late in the 
year along with general rail increases under 
tentative approval of the ICC. Interstate 
rates were raised 10 cents per ton be- 
tween most of the established shipping 
points. 

Dock charges per long ton on iron ore 
were changed as follows: 


Old New 


Rail of vessel to car . . . $0.22 $0.25 
Rail of vessel to stockpile . — .49 .53 
Dock stockpile to car .... 2:91 34 
Storage per month ...... 0114 01% 


FOREIGN TRADE 


U.S. exports dropped about 24 percent 
from that of the previous year, with de- 
creased shipments to Canada accounting 
for essentially all of the loss. Imports 
of ore declined about 4 percent. 


The overall import trade pattern re- 
mained essentially unchanged from that 
of 1966. Imports from Norway, Canada 
and Venezuela registered modest gains of 
0.4 million, 0.3 million and 0.2 million 
tons, respectively. 
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WORLD REVIEW 


Australia remained the focal point of 
world iron ore news. Production was in- 
creasing rapidly, and exports were expected 
to be valued at over $200 million annually 
by 1971. 

High-grade natural ores remained in 
over-supply, and high-grade fines found 
ready markets at reduced prices. The lower 
cost fines were in demand by many 
Japanese and European users as this 
material could be shipped to and agglom- 
erated at the importing country's con- 
suming plants to provide a high-grade 
furnace feed at a cost lower than similar 
material could be purchased for on the 
world market. 

The United Nations assisted several 
countries in completing geological surveys 
of their land areas and in making aero- 
magnetic surveys. 


NORTH AMERICA 


Canada.—The recommendations of the 
Royal Commission on Taxation as 
presented in the Carter report regarding 
mining industry taxation resulted in con- 
cerned protests from 'Canadian-based iron- 
mining companies, and civic groups. The 
report called for the phasing out of existing 
tax incentives over a 5-year period and the 
immediate elimination of percentage 
depletion. 

The part played by the favorable deple- 
tion allowances and the tax structure in 
general on the rapid development of 
Canadian mining ventures was underscored 
in an article by an executive of Pickands 
Mather & Co.“ 

A number of drilling programs were 
active on various iron properties, which 
generally raised known reserve figures in 
each instance. 

British Columbia. Westfrob Mines 
Ltd., a subsidiary of Falconbridge Nickel 
Mines, Ltd., officially opened, on June 19, 
its new Tasu operation on Moresby Island. 
The $40 million complex, which includes 
a townsite and deep seaport facilities, was 
to produce high grade iron concentrate 
from one deposit, and both iron and copper 
concentrates from another. Shipments were 
started to Japan on a 10-year contract with 
Mitsubishi Shoji Kaisha Ltd. of Japan 
which covered 400,000 tons of sinter con- 


centrate and 550,000 tons of pellet con- 
centrate per year. 

Texada Mines, Ltd., an underground 
iron ore producer since 1952 was acquired 
by Kaiser Aluminum & Chemical Corp. 
The company had a long-term contract to 
ship about 500,000 tons of concentrates per 
year to Japan. 

Newfoundland—Labrador—Quebec.—Ne- 
gotiations to reopen the Bell Island mine 
in Newfoundland were unsuccessful, and 
future mining activity at this underground 
operation was not contemplated. 

The Quebec-Labrador trough was esti- 
mated to have yielded in the past 13 
years well over $1 billion in iron ore for 
export through the port of Sept-Iles. The 
economic impact of this foreign exchange 
has been the development of mines, a rail- 
road, towns, and industry in what was 
previously a wilderness area. Efforts were 
underway to further increase annual pro- 
duction by interesting European steel 
companies in development of new iron ore 
deposits in the area. 

The Iron Ore Company of Canada 
proceeded with a major expansion program 
to boost its pellet capacity at Labrador 
City from 5.5 to 10 million tons per year. 
Total cost approached $60 million with 
expenditures about evenly divided for the 
years 1966 and 1967. 

Ontario.—The Steep Rock Iron Mines 
Ltd. began continuous operation of its 
new, 1.35 million ton annual capacity 
pellet plant near Atikokan. Ore reserves at 
the mines operated by Steep Rock were 
estimated at 337 million tons with an addi- 
tional 273 million tons of low grade 
material available. 

Falconbridge Nickel Mines, Ltd., plan- 
ned a $50 million iron ore concentrating 
plant at its Sudbury nickel mine site. All 
iron would eventually be recovered from 
the pyrrhotite produced by the company. 

The Algoma Steel Corp. Ltd. obtained 
two propertes near Wawa, on long term 
lease from Sherritt Gordon Mines, Ltd. 
The company's ore division expected to 
begin production of 34-percent-iron ore 
from the open-pit siderite mines known as 
the Ruth and Lucy early in 1968. The 


3 McInnes, Robert. U.S. Mining Investments 
in Canada. Min. Cong. J., v. 53, No. 3, 
March 1967, pp. 34-37. 
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ore would be upgraded at Wawa to a 
51-percent-iron product. 

The International Nickel Company of 
Canada, Ltd., planned to enlarge its iron 
ore recovery plant in the Sudbury district 
as part of a $50 million expansion program. 
The company also formally opened a new 
$4 million laboratory near Toronto for 
research in extractive metallurgy. 

The Steel Company of Canada Ltd.’s 
$60 million Griffith mine venture at Bruce 
Lake was scheduled for startup in early 
1968. Under the management of Pickands 
Mather & Co., 1.5 million tons of pellets 
would be produced annually. Year-round 
shipments were planned from this taconite 
operation. 

The Sherman Mine complex near Tima- 
gami, a joint venture involving Dominion 
Foundries & Steel Ltd. (90-percent in- 
terest) and the wholly-owned subsidiary 
of The Cleveland-Cliffs Iron Co., Tetapaga 
Mining Co. Ltd. (10 percent) was ex- 
pected to begin production at the rate of 
er 1 million tons of pellets annually in 
1968. 


Mexico.—Plans to start exploitation of 
the Pena Colorado iron ore deposits in 
the State of Colima continued with the 
Federal Government adding its name to 
a consortium of four steel companies 
pledged to supply the capital. Activity has 
been limited to surveys and feasibility 
studies in the area, but additional work 
was expected to start in 1968. 

Cerro de Mecado S.A., a subsidiary of 
Cía. Fundidora de Fierro y Acero de 
Monterrey, S.A. had a heavy-media bene- 
ficiation plant under construction at its 
Durango site which would upgrade the 
lower-grade conglomerate located near the 
base of the iron-rich mountain. Future 
plans included a pellet plant to handle 
fines resulting from the Durango operation. 

A subsidiary of Hojalata y Lamina, S.A. 
(HyL), Las Encinas S.A, completed 
surveys of, and prepared to open a new 
mine, San Pasquel. This mine adjoining 
the El Encino deposits in the State of 
Jalisco had been located by aerial survey 
and was estimated to contain 15 million 
tons of 55- to 67-percent ore. Iron ore 
fines produced at this operation were to be 
pelletized at a future date when a pro- 
posed plant could be installed, possibly at 
the junction of the company's 22 kilometer 
mine-to-railhead aerial tramway. 
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Tubos de Acero de Mexico S.A. 
(TASMA) started up its new 500 ton-per- 
day Vera Cruz plant using the HyL process 
to convert iron ore to sponge iron. HyL 
planned another installation at Puebla 
to supply a proposed steelworks with 85- 
percent-iron sponge similar to the product 
made at Monterrey and Vera Cruz. 


SOUTH AMERICA 


Argentina.—A study was released by 
the Dirección General de Fabricaciones 
Militares on the Sierra Grande iron ore 
deposits in the province of Rio Negro. The 
report combined investigations made by a 
number of international firms and was 
used as the basis for soliciting offers to 
exploit the Sierra Grande deposit to pro- 
vide sufficient ore for the country’s require- 
ments. Consumption of at least 5 million 
tons by 1974 was predicted. Brazil and 
Chile have supplied most of the ore im- 
ported in the past; only 10 to 15 percent 
of Argentina’s needs have been produced 
internally. The proposed development 
called for an investment of approximately 
$50 million, including pelletizing facilities. 

Government exploitation of the low 
grade Unchime and Santa Barbara iron 
ores in the province of Jujuy was begun, 
and there were plans to work other deposits 
in this province. 


Brazil.—The Companhia Vale do Rio 
Doce (CVRD), principally government 
owned and controlled, continued as Brazil’s 
largest ore mining and exporting company. 
Fine ore (minus one-half inch), accounted 
for about one-third of the exports which 
were estimated at 13 million tons for 1967. 
This was a significant change from former 
years, and the result of a lower price tag 
placed on the high-iron fines, which can 
be readily sintered or pelletized to form 
high grade furnace feed. A multi-million- 
ton order was signed to supply seven 
Japanese steelmakers with fines over a 
period of 12 years. 

The U.S. Steel affiliate Companhia 
Meridional de Mineragao filed applications 
to prospect potential iron ore deposits re- 
ported by the company’s geologists some 
300 miles south of the Amazon Delta in 
the State of Pará. 

New port facilities at Santa Cruz, in 
Guanabara, were planned for the export of 
iron ore and import of coal. Authorization 
was given to obtain foreign financing, and 
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completion was expected in about 2 to 
3 years. 

A record load of ore, 95,100 long tons, 
was shipped from the port of Tubarao 
bound to Japan aboard the Ossig Silver. 


Chile.—Strikes slowed iron ore produc- 
tion to some extent although an overall 
galn was shown for the year. Future annual 
increases were indicated but were expected 
to be at a more moderate rate than in 
previous years. About 90 percent of the 
country's output was mined by three com- 
panies, Cía. Minera Santa Fe S.A, 
Cía. Acero del Pacífico S.A. (CAP), and 
Bethlehem-Chile Iron Mines Company. 
The latter held the largest producing mine, 
El Romeral. Bethlehem considered plans 
for increasing production to about 4.5 mil- 
lion tons per year, which would require 
new investment of approximately $20 
million. If CAP accepted an offer by 
Bethlehem to join as a partner in the ex- 
pansion, the annual production would be 
raised to 5 million tons and the investment 
to $25 million. CAP, backed by the 
Chilean Government, invited Bethlehem 
to participate in a new company to be 
organized for the exploration and develop- 
ment of iron ore and other minerals in 
Chile. Bethlehem's proposed share was 25 
percent. 

Santa Fe completed a project to deter- 
mine its reserves in the El Laco deposit. 
The results showed proven reserves of 200 
million tons, and estimated reserves of 400 
million tons. 

Exploration and metallurgical work was 
reported underway on the CerroNegro 
Norte magnetite deposit in the Copiapó 
district, and a large pelletizing plant was 
planned for future operation. 

Cía. Minera Santa Bárbara completed 
a port construction program in February 
at Huasco to allow the docking of vessels 
as large as 67,000 tons capacity. This was 
followed by expanding the capacity to 
100,000 tons, and the loading capacity to 
3,500 tons per hour. 


Peru.—Marcona Mining Co. entered 
into a new agreement with the Santa Corp. 
for exploitation of Marcona’s iron ore 
deposits. This supplanted their 1960 con- 
tract and contained concessions which in- 
cluded royalty payments by Marcona in 
1967 estimated at about $7 million. A 
new ore fines plant was built at San Nicolas 
to replace the San Juan plant, and pellet 
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production capacity was raised to 3.5 mil- 
lion tons per year. 

Peru’s first blast furnace located at the 
SOGESA plant in Chimbote started opera- 
tion in December. The furnace had a 
capacity of 200,000 tons of pig iron per 
year. 


Venezuela.—Orinoco Mining Co, a 
subsidiary of U.S. Steel, authorized con- 
struction of a 1-million-ton annual capacity 
iron ore reduction plant to produce bri- 
quettes containing about 85 percent iron. 
The product would be used for domestic 
steel production and also offered for sale 
abroad. An option to obtain a 25-percent 
interest in the venture would be held by 
the Government. An iron ore reduction 
plant to utilize some of the country's ex- 
cess natural gas had been under study by 
the Government for several years. 


EUROPE 


Czechoslovakia.—The last of the operat- 
ing Krupp-Renn units was to be closed 
completely during the year due to the ex- 
cessive cost of the product obtained com- 
pared with high grade imported ore. In 
the past, State-controlled mines have sup- 
plied about 10 to 12 percent of the 
country's iron ore needs, but this will be 
reduced to about 8 percent with the phas- 
ing out of the Krupp-Renn installation. In- 
creased concentrate shipments from the 
Soviet Union were expected. 


Finland.—Low world prices and high 
transportation costs were given as reasons 
for the scheduled closing of Vuoksenniska 
Oy's mines at Kolari and Jussaró. Crude 
ore from the mines averaged about 27 
percent iron and was upgraded to 57.6 
percent. Finland imported 638,000 tons of 
iron concentrates during 1967. 


France.—Announcements of mine clos- 
ings continued as underground mines pro- 
ducing low-grade phosphoric ores appeared 
to be slowly yielding to high-grade imports. 
Prolonged strikes initiated by miners in 
the Lorraine Basin caused a production 
drop in the first half of the year which 
amounted to a decrease of 18 percent from 
that produced in the first half of 1966. 
Iron ore mining and steel production were 
of major concern in France's future eco- 
nomic planning. | 
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Germany, West.—As in France, the 
mining of domestic iron ore continued to 
decline, with the Salzgitter area blast 
furnaces almost the only ones consuming 
indigenous ores. Importing countries led 
by Sweden, Liberia, and Brazil supplied 
cheaper and higher quality ores than could 
be produced locally. 


Norway.—The Government-owned con- 
cern, A/S Sydvaranger decided to install 
a pelletizing plant in order to bolster a 
falling market for their iron ore concen- 
trate, which had steadily declined in value 
over the preceding 8-year period. The 
company, Norway's largest producer, re- 
ported its 1967 production of iron ore sold 
at an average of 8 percent below 1966 
prices. A West German firm would build 
the complete 1.2 million ton per year plant 
under agreement with and from designs 
and specifications supplied by Allis- 
Chalmers Manufacturing Co. Operations 
were scheduled to start in 1969. 


Portugal.—The Moncorvo ore deposits, 
about 80 miles east of the port of Leixoes, 
were studied by a group of European con- 
cession holders, including August Thyssen- 
Hütte. The latter reported flotation could 
be used in upgrading the 30- to 40-per- 
cent ore to a concentrate containing 65- 
percent iron and 6-percent-silica. Reserves 
exceeding 300 million tons have been 
shown by exploration. Further study was 
required before a decision concerning the 
economic feasibility of the extraction and 
transportation of the ore to users could be 


reached. 


Spain.—Published reports that iron 
deposits estimated at about 300 million 
tons were discovered in the provinces of 
Badajoz, Seville, and Huelva were not con- 
firmed by the Government. Government 
geologists had been surveying and drilling 
in these areas on lands reserved to the 
State. 

The Government set 1972 as a target 
date for producing ore with 8-million-tons- 
iron content and intended to improve 
poorer ores by pelletizing and other bene- 
ficiation processes. 


: Sweden.—Several iron mines in central 
Sweden were forced to close during the 
year due to their inability to remain com- 
petitive. Reasons given were high transpor- 
tation costs, inability to utilize cost-saving 
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large-scale mining methods, and the low 
quality of the ores. 

Luossavaara-Kiirunavaara AB (LKAB), 
which is State-owned, began work on a 
pelletizing plant at Svappavaara scheduled 
to have an annual output of 1.8 million 
tons. 

Work was done on outlining two new 
ore bodies in the Kiruna district by LKAB, 
one of which was described as an extension 
of the main Kiirunavaara deposit and was 
said to contain about 250 million tons of 
ore. 

Pilot production of cold-bonded pellets 
was started by the Grángesberg Co. at 
Strassa, and blast furnace trials of the 
product were scheduled to be carried out 
at the Oxelósund steelworks. Pellets costs 
were claimed to be greatly reduced from 
those of the hot pelletizing processes. 

Grangesberg and LKAB announced that 
1968 delivery prices of phosphatic ores 
to the United Kingdom, West Germany, 
and Belgium would be 3 to 4 percent lower 
than in 1967. | 


U.S.S.R.—The Five Year Plan entered 
its second year in 1967. It was character- 
ized by continued large-scale expansions 
in iron mining and in beneficiation plants 
to accompany increased iron and steel 
production capacity. Priority of the ferrous 
industry over agriculture and chemicals 
seemed to reflect the general feeling of the 
present Presidium that the power of a na- 
tion still depends on its ability to produce 
steel. Although much was written in Soviet 
publications about failures in achieveing 
goals set for the ferrous branch of the 
State's economy, production increased at 
a high rate, with many new and expanded 
operations reported. 

Some of the established mining bases 
were being expanded, and developments 
were planned for new areas. The State 
Plan which called for an output of 163 
million tons of usable ore in 1967, with 
an average iron content of 57.6 percent 
apparently was exceeded. New production 
of agglomerates was scheduled at 2.8 mil- 
lion tons. | 

Mining of the high-grade Belozersk iron 
ore started during the year. Analysis of this 
ore was reported as 62 to 67 percent iron, 
0.02 percent phosphorus, 0.01 percent sul- 
fur, and 3.9 percent silica, making it the 
Soviet Union's highest grade natural ore. 

The first long-term contract was signed 
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with Japanese steelmakers for Soviet iron 
ore. A $20 million contract was negotiated 
to supply 4.9 million tons of ore annually 
over a 5-year period beginning in 1968. 
The ore would move through a Black Sea 
port which was to be enlarged to accomo- 
date Japan’s larger ore carriers. 


AFRICA 


Algeria.—New markets for iron ore 
were obtained by Algeria, and initial con- 
tracts were made to supply 600,000 tons 
to the U.S.S.R., 500,000 tons to Rumania, 
and 100,000 tons to Hungary. The 
U.S.S.R. contract involved trade exchanges 
and a loan for the erection of the Annaba 
steel plant. The Rumania contract involved 
the exchange of four oil rigs. Deliveries to 
Great Britain and other traditional 
markets, although not terminated, were 
reduced considerably after nationalization 
of the Algerian iron mines in 1966. 

A special technical committee set up 
jointly by Algeria and Spain was studying 
the possible development of the Tindouf 
Basin iron deposits. The key to commercial 
exploitation of the deposits was thought to 
be a route to the Atlantic through Spanish 
Sahara which would eliminate Algeria’s 
long haul to the Mediterranean seacoast. 


Angola.—The Ciuma mine in the 
southern district was scheduled to be 
closed, and the efforts of the Companhia 
Mineira do Lobito would thereafter be 
concentrated on operation of the Cassinga 
mines in the South Central section, where 
substantial iron ore production was 
achieved during the second half of 1967. 
An export potential of 5 million tons 
annually was expected in 1968. New 
mechanized ore-loading facilities at Saco 
de Giraul about 6 miles north of the port 
of Mocamedes, were opened, and large- 
scale shipments of the Cassinga ore were 
started. Shipments to Japan on a regular 
basis were scheduled. 

Deposits of low-grade ore in the Cassala 
region east of Luanda, estimated at 500 
million tons, were being studied for devel- 
opment by the Companhia do Manganese 
de Angola and the Klóckner steel firn of 
West Germany. A pelletizing plant was in- 
cluded in the plans for consideration. 


Gabon.—Exploitation of the Belinga 
iron ore deposits, estimated to contain 1 
billion tons of high-grade direct-shipping 
ore, continued to play a prominent part in 
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the Gabonese plan for future economic 
development. Construction of a railroad to 
the seacoast was deemed feasible in a pre- 
liminary survey completed in 1965. A final 
engineering study, financed by the United 
Nations Special Fund, was underway and 
was to be completed in 1968. Plans called 
for construction of the railroad to be 
started in 1969. 


Liberia.—Iron ore continued to be the 
countrys primary export and source of 
revenue. In 1967 the Government's share 
of the income from this commodity 
amounted to about $10 million. Production 
of the ore has increased steadily in the 
past few years although prices declined 
from an average of $11.90 per metric ton 
(f.o.b.) in 1960 to $6.58 in 1967; this was 
largely due to world competition and 
recent cutbacks in European steel output. 

Four companies operated in Liberia 
in 1967, Bong Mining Co., National 
Iron Ore Co, Ltd. (NIOC), Liberia 
Mining Co. Ltd. (LMC), and the 
Liberian American-Swedish Minerals Co. 
(LAMCO). Through contracts made by 
the Grángesberg Co. in Sweden, LAMCO 
was to supply Japan 4.5 million tons of 
Liberian ore during the period 1968-72 
in addition to a 5.6-million-ton contract 
previously made for 1968-74. LAMCO 
completed a new washing plant and a 
pelletizing plant during the year and began 
trial operations. The new facilities when in 
full operation would add a large output 
of washed fines and lump ore as well 
as 2 million tons of pellets annually to the 
company's products. 

An airborne magnetometer-scintillometer 
survey of Liberia was begun in 1967 under 
the auspices of the United Nations and 
the Liberian Geological Survey. Coverage 
of the entire country was planned with 
the results available in 1969. 


Morocco.—The Government proceeded 
with nationalization of the country's largest 
iron ore producer, Compañía Española de 
Minas del Rif (CEMR). A joint com- 
mission from the Government and CEMR 
was activated to decide on procedures to 
be followed and compensation for the 
Owners. 

A plan to establish a steel plant at 
Nador, near the mines of the Rif, had 
been under consideration for a number of 
years and with the importance of the mines 
to the national economy was thought to 
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figure largely in the Government’s decision 
to take them over. 


ASIA 


India.—Production and exportation of 
iron ore failed to reach target figures set 
by the Government. Among the factors 
contributing to the difficulties were strikes, 
the Suez canal situation, and excess ore 
stocks at the country’s steel plants. Keen 
international competition in both iron ore 
and steel also added to the failure. Ore 
exports did increase slightly in 1967 and 
reached a total of 13.9 million tons. Of this 
Goa supplied 6.8 million tons, 0.4 million 
tons less than in 1966. Production was 
estimated to be about 1 million tons below 
the 1966 output. 

The conversion of fine ore to high grade 
pellets and exportation of fines were ex- 
pected to help maintain India’s position in 
the world iron ore market. Export duty on 
fine ore, approximately 65 cents per ton, 
was reduced by 20 percent during the year. 

India’s Minerals and Metals Trading 
Corp. (MMTC) negotiated the sale of 
5.8 million tons of ore to Japan at $9.52 
per ton, f.o.b., which was about $0.42 less 
than the agreed rate for the prior year. 
Contracts also were made to supply over 
2 million tons of ore to five East European 
countries. 

The Government-owned National Miner- 
als Development Corp. (NMDC) studied 
proposals of Marcona Mining Co. and 
Japanese interests for joint development 
of magnetite deposits in the Kudremukh 
area of Mysore which contained proved 
reserves in the order of 1 billion tons. 
Although no contract was signed, pre- 
liminary plans called for the Aroli deposits 
to be exploited first; they would supply 
about 4 million tons per year for export. 
The development of port facilities at 
Mangalore to eventually admit entry of 
100,000 ton carriers and the installation 
of rapid-loading equipment is to be done 
by the Government. 

Reductions of $1.40 to $2 per ton in 
shipping costs of iron ore from Mormugao 
Port in Goa to Japan were estimated if 
the port were modernized to permit rapid 
dockside loading. The average 14-day delay 
for the carriers would be reduced to 4 or 
5 days. 

New deposits of iron ore were located in 
the Calicut district of Kerala. The extent 
of the reserves had not been proven by 
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drilling, but estimates exceeded 100 million 
tons. 

Plans were being pushed for the installa- 
tion of new pelletizing operations in Goa, 
Orissa, and possibly Mysore. 


Japan.—Japanese steelmakers sought ore 
and made contracts for future deliveries in 
many parts of the world. Australia shipped 
8.3 million metric tons to Japan during 
the year and was expected within a short 
time to supply about 40 percent of the 
country’s rapidly increasing import require- 
ments, which in 1967 amounted to 56.4 
million tons. 

Japan’s iron ore production including 
iron sands continued at slightly more than 
2 million tons; byproduct ore added 
another 2 million tons, the two sources 
supplying about 7 percent of the country’s 
steelmaking needs. Contracts were obtained 
during the year for ore from a number of 
sources including the U.S.S.R. At least 
a dozen countries were committed to 
furnishing various grades and types of 
iron ore for periods of time up to 21 years 
at prices which could only be obtained in 
a buyer’s market such as continued to 
exist throughout 1967. 

Some of the prices per metric ton con- 
tained in contracts or offers reported by the 
Japanese included 62-percent concentrate 
feed at $4.15, f.o.b. Black Sea ports from 
U.S. S. R.; 68- percent  run-of-mine at 
$15.34, C& F from Brazil; 63- percent lump 
ore at $7.80, f. o. b. Chile; 64- percent lump 
ore at $9.37 and 64- percent fine ore at 
$7.68, f.o.b. Western Australia; 60-percent 
lump ore at $8.85, f.o.b. Malaysia; 63- 
percent fines at $4.55, f.o.b. Goa; 63-per- 
cent run-of-mine at $6.30, f.o.b. Liberia 
(for 1968); and 62-percent Benson Lake 
ore at $5.95, f.o.b. British Columbia. In 
some cases the prices reflect part of a 
package offer and may be valid only if 
accepted under all specified conditions. 

Japanese interests studied proposals to 
participate or actually invested in several 
foreign iron ore projects including the 
Mekambo project in Gabon, the Philippine 
Iron Mines project in the Philippines, the 
Kudremukh project in southwest India, 
and three separate projects in Australia. 


Malaysia.—Airborne magnetometer and 
ground surveys were being conducted 
in the State of Johore and in the 
north central section of West Malaysia. 
They were being carried out with the as- 
sistance of United Nations teams. The up- 
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grading of some lower grade iron material 
was being considered in order to increase 
Malaysia’s production. 


Philippines.—A new company, Pellet 
Corp. of the Philippines (PCP), was 
formed by Kawasaki Steel Co. and Kawa- 
saki Drydock Co. of Japan with the Philip- 
pine Iron Mines (PIM) to take over the 
pellet operations of PIM. The pellet out- 
put from the 0.75 million tons annual 
capacity plant was scheduled to go to 
Kawasaki Steel. 


OCEANIA 


Australia.—The Australian boom based 
on the iron ore industry continued with 
large-scale shipments being made for the 
first time from some areas and installations 
being rushed to completion in others. Ex- 
ploration, surveying, and planning for the 
future growth of the iron ore industry and 
its associated activities continued through- 
out 1967. 

The Department of National Develop- 
ment predicted that by 1971—72 the value 
of iron ore exports based on known con- 
tracts would reach $210 million a year. 
Planned and actual capital expenditures 
directly related to the establishment of 
the iron ore industry were estimated to be 
in excess of $600 million, $550 million of 
which was for Western Australia and the 
remainder for Northern Territory and 
Tasmania. A considerable amount of U.S. 
capital was included in the investments. 

Northern Territory.—Operations of the 
Frances Creek Iron Mining Corp. Pty. 
Ltd. were opened officially during the 
year. Lump ore of 62-percent-iron content 
was to be supplied to Japan through the 
port of Darwin at a rate of about 0.5 mil- 
lion tons per year for 8 years. Contract 
price was $8.90 per long ton. 

Sentinel Mining Co., a wholly-owned 
subsidiary of National Bulk Carriers, Inc., 
proceeded with survey work on concessions 
granted. Design study contracts were let 
for port plans and other facilities involved 
in the project, Prereduction studies were 
being made of the ore in the U.S., and 
offers of lump ore to Japan were being 
prepared. 

Western Australia.—Seven major mining 
companies held signed agreements with the 
State Government for development of iron 
ore deposits, and exports had reached a 
rate of about 15 million tons annually by 


yearend. 
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Hamersley Iron Pty. Ltd. was the lead- 
ing group in contracts for exporting ore, 
with about 125 million tons of lump ore, 
pellets, and fines contracted for during 
the period ending in 1981. Most was to 
go to Japan, with small short-term con- 
tracts calling for deliveries to Wales in the 
United Kingdom and to Belgium. Test 
shipments were made also to France, West 
Germany, and Italy. 

The company's $50 million pelletizing 
plant started operation in 1967 and was 
expected to be at full capacity early in 
1968. This plant would supply a 10-year 
Japanese pellet contract for 18 million 
tons scheduled to begin in April 1968. 
Facilities at both the port and mines which 
represents an investment of approximately 
$200 million were designed to permit 
expansion. 

Mount Goldsworthy Mining Associates 
continued its shipments of lump ore to 
Japan which began in June 1966. The 
following contracts were held: An initial 
16.5-million-ton agreement with the Japan- 
ese for delivery of lump ore over a 7-year 
period beginning in 1966, and a 3.125- 
million-ton contract signed in 1967 for 
fines to be shipped at an annual rate of 
0.5 million tons per year. Efforts were 
being made by the group to negotiate addi- 
tional contracts. 

The Mt. Newman development project 
was started in April 1967 by a consortium 
formed by the Amax Iron Ore Corp. of 
Delaware U.S.A. (25 percent), the Dam- 
pier Mining Co. Ltd. (30 percent), Pilbary 
Iron Ltd. (30 percent), with British and 
Japanese interests making up the remaining 
15 percent. Operations were to be 
managed by Mount Newman Mining Co. 
Pty. Ltd. a wholly-owned subsidiary of 
Broken Hill Pty. Co. Ltd. (BHP). Con- 
tracts were let for a railroad, dredging, 
and other construction work to begin the 
$200 million project, and a total of 100 
million tons of lump ore and fines were 
contracted for delivery to Japan in the 
period April 1969 through 1983. 

Cliffs Western Australian Mining Pty. 
Ltd. continued work on its Robe River 
project and estimated total costs at about 
$180 million. Plans were approved by the 
Government for railroad and port location 
changes to give access to Cape Lambert 
where 100,000 ton carriers could be 
berthed. Tenders were received for a 
pellet plant and for a port at Cape Lam- 
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bert. Japanese steel mills were offered 87.5 
million tons of pellets over 21 years at 
18.75 cents per unit, f.o.b., and 50.5 mil- 
lion tons of fines at 10.75 cents per unit. 
Shipments would begin in 1971, and if 
the contract was accepted, it would be 
the largest single iron ore export contract 
made to date. 

A new company, Hanwright Iron Mines, 
was formed by the discoverer of the 
Hamersley Range iron ore deposits, Larry 
Hancock and his partner. The company 
obtained extensive leases on which ore was 
being proven, and plans were to be sub- 
mitted to the Government for an invest- 
ment in facilities to produce and ship 3 
million tons of pellets annually. The pos- 
sibility of later producing either a metal- 
lized product or steel was included in the 
proposal. 

Other Western Australian groups in the 
process of entering the iron ore business 
included the Mt. Gibson Mining Co. Pty. 
Ltd., and the Murchison Exploration & 
Development Co. Mt. Gibson, organized 
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in September 1967, expected to build a 
pellet plant with a 2-million-ton-per-year 
throughput. Murchison was making feasi- 
bility studies based on a temporary reserve 
awarded by the Government in the Weld 
Range near Cue. 


Tasmania.—The Savage River Mines 
project was essentially complete at year- 
end, and all components were - reported 
operating successfully. Pellet capacity was 
rated at 2.25 million tons annually. The 
product was to contain 67.5 percent iron 
with shipments scheduled for April 1968, 
and all output to go to Japan under a 20- 
year contract. Pickands Mather & Co. held 
about 12 percent interest in the project. 
Additional American capital was invested 
in a participating company, North-West 
Iron Co. Ltd. 

Industrial & Mining Investigations Pty. 
Ltd. was exploring leases north and south 
of those held by Savage River Mines, and 
negotiations were underway for possible 
establishment of a steel industry in 
Tasmania. 


TECHNOLOGY 


Technologic improvements in mining, 
transporting, and beneficiating iron ore 
continued to be directed primarily toward 
cost reduction and the production of higher 
grade furnace feed. This was becoming in- 
creasingly important in producing countries 
as the international market recorded more 
and more offers of high-grade iron ore at 
reduced prices. 

Refinements were made in methods of 
computing characteristics of blocked-out 
ore sections and in tailoring blasting tech- 
niques to individual tracts of ore. Further 
increases in capacity and size of equipment 
for handling and transporting ore were 
indicated at some of the larger operations 


following equipment test periods. Innova- 
tions used in several beneficiation schemes 


promised higher grade products from the 
taconite-type ores. 

Exploration for new deposits continued 
in many countries in spite of the apparent 
world oversupply of iron ore. A helicop- 
ter borne high-resolution electromagnetic 
system was being operated successfully in 
Canada. Better coverage in the rugged 
terrain with a minimum of ground clear- 
ance was claimed, as well as lower costs 
for operation in remote areas.“ 


Trucks with capacities exceeding 100 
tons for off highway ore movement 
from mine to crushers were operating suc- 
cessfully in several locations. The largest 
apparently was a 160-ton electric-drive 
LeTourneau-Westinghouse unit which was 
being field tested at Kaiser's Eagle Moun- 
tain, California, operation. 

Electric shovels with interchangeable 
dippers having capacities as high as 16 
cubic yards were in use, and allowed 
handling of maximum sized pieces of tac- 
onite which the latest model crushers were 
capable of reducing. 

Innovations to rod and ball mills in- 
creased capacity by reducing down time. 
One consisted of mechanical means for 
replacing the rods or balls during mill 
operation, thus eliminating some of the 
down time formerly required for this 
purpose. 

The new Butler and the National pellet 
plants managed by The Hanna Mining Co. 
were the first commercial taconite opera- 
tions on the Mesabi to utilize air-swept, 
dry autogenous grinding. The Butler plant 
was equipped with five, 26 foot by 6 foot 
autogenous primary mills each powered by 


* Engineering and Mining Journal. V. 168, 
No. 11, November 1967, p. 27. f 
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a 3,000-hp. motor. Even larger mills were 
planned for use in a Canadian installation. 

Among the patents granted during the 
year for ore reduction was one for a pro- 
cess using dry comminution followed by 
dry magnetic concentration to produce 
coarse taconite concentrates. 

Autogenous grinding tests in jet—type 
mills with both hot gases from a jet engine 
and super-heated steam as energy carriers 
were made on Krivoi Rog ore in the 
U.S.S.R. Considerable savings were re- 
ported for each over conventional ball 
mills; the super—heated steam mills showed 
the greatest efficiency. Also in the 
U.S. S. R., results of boulder reduction 
in an open-pit iron mine using a high 
voltage A. C. electric test apparatus 
showed savings of 2 to 1 over the usual 
secondary drill-and-blast methods. 

The development of autogenous grinding 
as a tool in size reduction was discussed 
in a review published in 1967.9 

The Erie Mining Co. successfully ap- 
plied the use of stationary screens for sep- 
aration of (minus) —325 mesh material 
in its taconite beneficiation operation at 
Hoyt Lakes. This significant operation in- 
volved a unique patented device to keep 
the screens from blinding and was de- 
scribed as producing better concentrate at 
a lower cost than the flotation scheme 
formerly used. 

Researchers at the Colorado School of 
Mines experimented with hydroxamate as 
a collector for iron oxides. In flotation 
tests with two natural iron ores, high 
grade concentrates were obtained with in- 
dicated economic advantage over conven- 
tional fatty acid flotation.’ 

The application of computers and auto- 
mation in general, to activities involving 
iron ore from exploration through the final 
smelting stage continued to expand. Taco- 
nite reserves in Minnesota were being cal- 
culated by the State using computer 
methods. Grade, thickness, and tonnage of 
beds in the various tracts were obtained 
in a fraction of the time formerly 
required.® 

A sophisticated system using the com- 
puter to determine the grade, to classify, 
and to program the dumping sequence of 
ores moving from mine sites for final 
blending and loading at the port of 
Sept-Iles was developed in Canada over 
the last few years by the Iron Ore Com- 
pany of Canada. 
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In general, the larger and more modern 
ore processing plants were being equipped 
with centralized controls, and a computer 
was usually employed in the system for 
both control and logging of operations. 
The newer blast furnace designs called for 
maximum use of programmed controls. A 
belt conveyor system was favored over the 
skip hoist in at least one plant. 

Other uses to which the computer was 
increasingly applied include continuous 
iron ore slurry analysis, plant power pro- 
graming, monitoring operating variables, 
and storage of input data for later use. 

Interest in agglomeration of iron ores, 
especially in pelletizing, continued as many 
fundamental investigations were reported. 
These dealt with variables such as tem- 
perature, size, balling time, additives, and 
pellet strength. A number of agglomerating 
patents were issued involving new methods 
and equipment for both briquetting and 
pelletizing of iron ore. The last two parts 
of a comprehensive article covering in 
detail concentrating and pelletizing of taco- 
nite in the United States and Canada were 
published.? The article presented an excel- 
lent history and status report on taconite 
operations. 

Plants incorporating the latest improve- 
ments in the concentration and pelletiza- 
tion of taconite were capable in 1967 of 
producing pellets containing 64 to 68 per- 
cent iron and less than 6 percent silica. A 
higher grade product was expected to de- 
pend largely upon the application of pre- 
reduction techniques. 

There was considerable activity in the 
development of direct reduction processes 
and prereduced ores both here and abroad. 
Patents on reduction roasting of ores using 
gaseous and liquid hydrocarbons were as- 
signed to several companies, as were 
patents on processes using solid reductants. 

An international conference on produc- 
tion and use of prereduced iron ores was 
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nesota's Taconite Reserve by Computer. Skil- 
lings’ Min. Rev., v. 56, No. 1, Jan. 7, 1967, 
pp. 6-7, 14-15. 

9 DeVaney, Fred D. The Concentration and 
Pelletizing of Taconite—P. III. Min. Proc., v. 
8, No. 1, January 1967, pp. 22-27, P. IV., v. 8, 
No. 2, February 1967, pp. 18-23. 
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held at Evian, France, during which the 
worldwide status of direct reduction and 
prereduced ores was reviewed in detail.!? 
It was noted that the High Authority, 
European Coal and Steel Community 
(ECSC), had provided considerable finan- 
cial aid for developmental work, resulting 
in a new direct reduction process which 
was tested in a pilot plant. 

The HyL direct reduction process was 
being studied by Brazil, the United King- 
dom, Saudi Arabia, Taiwan, and other 
countries for possible use in producing 
reduced iron products from local ores. 

Beneficiation studies, including prereduc- 
tion of the Wabana ore in attempts to 
maintain commercial production, were 
reported. The high phosphorus content 
of the ore and the poor recovery efficien- 
cles achieved in beneficiation attempts to 
produce a furnace feed competitive with 
other high-grade ores available on the 
world market were primary factors con- 
tributing to the failure of this long-time 
operation in Newfoundland. 

The Japanese Government was plan- 
ning long-range research and development 
of a direct steelmaking method. The project 
would start in 1968 and would involve the 
production of prereduced pellets for use in 
large-capacity electric furnaces. In New 
Zealand a contract was awarded for instal- 
lation of a Stelco-Lurgi reduction plant. 
Native iron sands previously tested in 
pilot plant operations were to be used as 
the ore. 

Direct reduction of iron ore on a com- 
mercial scale in this country was close as 
construction neared completion on the 
McWane Cast Iron Pipe Company’s plant 
at Mobile, Ala. The plant was scheduled 
for operation late in 1968. High-grade 
imported ore fines were to be used in the 
Dwight-Lloyd-McWane (DLM) process to 
produce iron for foundry purposes. 

The Midland-Ross Corp. in a joint re- 
search program with the National Steel 
Corp. worked with the Hanna Mining 
Co. to develop a commercial "heat-fast" 
metallizing system for producing pre- 
reduced pellets. The system uses a carbon 
reductant mixed in the pellets which are 
cycled continuously on a direct-fired rotary 
hearth furnace. The National Steel Cor- 
poration’s pellet plant in Minnesota, 
which started production in 1967, was 
designed for future conversion to this 
metallizing procedure if desired. Midland- 


579 


Ross also announced plans to build and 
operate a commercial plant in Portland, 
Oreg., using the same process. The plant 
would take high-grade fines from South 
America and convert them to 95-percent- 
iron pellets for an electric-furnace steel 
mill to be built by the Gilmore Steel Corp. 
Operation of the plant was expected to 
start in 1968. 

Notable improvements have been made 
in electric furnace operations, and the 
McWane and Gilmore installations, al- 
though relatively small, may be forerunners 
of larger plants to be built in this country 
and abroad. Operations of this type could 
have considerable influence on future iron 
and steel production and will probably 
make re-evaluation of the blast furnace 
necessary in many areas where iron and 
steel needs are limited and where high 
capital investments are not desirable. 

An indication of further evolutionary 
trends in this field was the examination by 
several countries of direct iron and steel- 
making from iron ore by continuous pro- 
cessing. One direct-reduction continuous 
process, studied by the U.S. Steel Corp. 
for several years on a laboratory scale, 
was being scaled up to a pilot plant 
operation. Although drastic changes in 
processing methods were not expected in 
the near future, preparations were being 
made in the major producing countries in 
the event of a significant breakthrough for 
continuous conversion of ore to metal. 


Bureau of Mines Research.—Results of 
a study of iron ore resources in a section 
of the Appalachians was published.!“ In 
the area drilled, bed thickness and grade 
were not consistent and the samples of 
the hematitic material failed to respond 
to beneficiation techniques for producing 
a high grade concentrate with good re- 
covery. The publication illustrates the 
need for additional research in order to 
make the large hematitic sandstone de- 
posits of the Clinton formation econom- 
ically feasible to mine. 


10 Stee] Times (London). V. 194, No. 5163, 
June 30, 1967, pp. 753-760, v. 195, No. 5169, 
Aug. 11, 1967, pp. 161-166. 

11 Korzekwa, T. M., A. J. Last, and R. L. 
Cavanagh. A Study of the Semi-Reduction of 
Wabana Iron Ore. Canadian Min. & Met. Bull. 
EE v. 60, No. 663, July 1967, pp. 789- 


12 Fish, George E., Jr. Clinton Hematitic 
Sandstone Depcsits, Butt Mountain Area, Giles 
SU NE Va. BuMines Rept. of Inv. 6966, 1967, 
39 pp. 
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Marginal and submarginal iron-bearing 
materials from the Gogebic, Marquette, 
and Menominee Ranges were studied us- 
ing reductive roasting-magnetic separa- 
tion, and flotation methods for upgrading 
to usable concentrates. The resources and 
metallurgical evaluations were published. 

Nonmagnetic taconite composite samples 
from the Mesabi Range were evaluated 
also and results published.!“ These in- 
vestigations were part of continuing efforts 
being made by the Bureau to develop 
profitable utilization of all of the Nation’s 
major iron resources. 

Other projects at the Bureau’s research 
centers included continued collection, 
evaluation, and storage of core samples at 
the Twin Cities location in Minnesota, 
studies on properties of iron minerals, 
preparation of oxidized and prereduced 
iron ore pellets, metallized concentrate 
production, processing of manganiferous 
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iron ores, and various beneficiation schemes 
including flotation. 

The Bureau’s Iron Range Demonstration 
Plant at Keewatin, Minn., reached a stage 
of partial completion with occupation of 
a new administration and laboratory build- 
ing by project personnel, and start of 
construction on the raw materials and 
rotary kiln sections of the plant. Process- 
ing of nonmagnetic taconites and other 
offgrade iron ores using scrap iron to 
effect conversion to a usable magnetic iron 
ore will be demonstrated. 


13 Heising, L. F., and D. W. Frommer. Lake 
Superior Iron Resources:Preliminary Samples 
and Metallurgical Evaluation of Selected Mich- 
igan-Wisconsin Iron Formations. BuMines Rept. 
of Inv. 6895, 1967, 31 pp. 

14 Heising, F., C. B. Daellenbach, and 
F. E. Anderson. Lake Superior Iron Resources. 
Reexamination of Nonmagnetic Taconite Occur- 
rences in the Hibbing, Minn., Area by Flotation. 
Magnetic Separation, and Petrographic Methods. 
BuMines Rept. of Inv. 6991, 1967, 21 pp. 
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Table 4.—Crude iron ore mined in the United States, by districts, States, and mining 
methods 


(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


1966 1967 
District and State Open pit Under- Total Open pit Under- Total 
ground ground 
Lake Superior: 
Michigan. u uuu sac 18,248 6,572 24,820 23,456 5,182 28,638 
Minnesota- -2-2-2222 114,851 1,227 116,078 115,750 401 116,151 
Totali Jock eet sar 133,099 7,799 140, 898 139 , 206 5, 583 144, 789 
Southeastern States: _ 
/ A ae 3, 390 778 4,168 2,638 1,036 3,674 
„ E 126438 1, 645 o 1. 046 
Total. ue rr op u tele 5, 035 778 5, 813 3, 684 1,036 4,720 
Northeastern States: 
New Jersey, New York, Penn- 
Sans. ssc W W 11, 355 w w 10,329 
Western States: 
Arizona... W W W W 
California „ W NN W 
Colorado 163 ........ 163 W W 
Idalio.a ²³·A6o³A ae sls W ....-.-- W W nc W 
Mississippi.................- W 22an w Wo Sua w 
Missouri.. 264 2, 605 2, 869 W W 2, 390 
Montana_.. -2-2-2-2 122ͤĩ˙». S 12 Il: eae 11 
Nevada cL L2 lll ll W W 1,224 „ W 
New Mexico 15 — 15 Wo n toe w 
Texas. W ......-- W W W 
Dtüh-. AAA 2,0644444 —ñ— 2, 064 1,912 2.2 1,912 
Wyoming 4, 265 742 5,007 W W 4, 136 
Total. Án 6,783 3,347 11,354 1,923 W 8,449 
Undistributed___________________- 19,248 6,290 12,959 24,769 7,196 15,110 
Grand total. 164,165 18,214 182,379 169,582 13,815 183,397 


W Withheld to avoid disclosing individual company confidential data; included with ‘‘Undistributed.”’ 
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Table 5.—Crude iron ore shipped from mines in the United States, by districts, States, 
and disposition 


(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


1966 1967 
District and State Direct to To benefi- Direct to To benefi- 
consumers ciation Total consumers ciation Total 
plants plants 
Lake Superior: 
Michigan 4,272 21,048 25,320 3,011 25, 692 28,703 
Minnesota_..... . . . . 12,863 103,794 116,657 11,149 104,583 115, 732 
S/ A 17,135 124,842 141,977 14,160 130,275 144,435 
Southeastern States: _ 
abama...................- 150 3,976 4,126 201 3,402 3,603 
SEENEN eege ee -.-..-.. 1,645 WR c 1,046 1,046 
e eu 150 5, 621 5,771 201 4,448 4, 649 
Northeastern States: 
New Jersey, New York, Penn- 
Sylvania 11, 382 11,382 `... 10,331 10,331 
Western States: 
Arizona. W aaa W M uini Gee 
Californian W W w w w 
Colorado 164 164 N ccu W 
Idsho. l.c us 11 x2. 11 W. ee erg w 
Mississipp iii Wß² ON W ........ W W 
II ³˙·wümA LS 2, 804 2, 8‚— 2,443 2,443 
Montana................-.-- 12- insumos lO. due 10 
Nevada.................-.-- W 1,223 W W 
New Mexico 13 W W WwW 
DEEN W CWM Y W W 
Utahns tech oe eel 1,413 716 2,129 W W 1,888 
Wyoming 8 4,968 5,026 W W 4,153 
Total. —T—T—T— ees 1,658 8,501 11,382 10 2,443 8,494 
Undistrztuted -_-- 647 14,179 13,603 1,800 19,483 15,242 
Grand total. 19,590 164,525 184,115 16,171 166,980 183,151 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 
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Table 6.—Usable iron ore produced in the United States, by districts, States, and varieties 


(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


1966 1967 
District and State ——M————————————— 9 ————————— 
Hema- Brown Magne- Total Hema- Brown Magne- Total 
tite ore tite tite ore tite 
Lake Superior: 
Michigan. W ....- W 14,322 W 2.. W 14,072 
Minnesota........ 2... 2.2... 31,909 772 21,599 54,280 27,924 58 22,175 50,157 
Total; sl Bs ot Le 31,909 772 21,599 68,602 27,924 58 22,175 64,229 
Southeastern States: i 
Alabama. 705 876 .....- 1,581 877 (bL enis 1,628 
Georgia__ K ĩð r 447 .....- 447 22- 261 `... 261 
Total. Luc aides 705 1,323 ...... 2,028 877 1,0122 1,889 
Northeastern States: 
New Jersey, New York, Penn- 
sylvania, Virginia. 4,652 4,652 ...... ....- 4,197 4,197 
Western States: E 
Arisong. ae W ..... W W C W W 
California W W W W ....- W w 
Colorado... ------ w W 163 ...... W W W 
Ide W ..... W W W W W w 
Mississippi. .............----. .-.--- W unen Wo iz W W 
een, n2 c o Seeded W W 1,928 ...... W W 1,802 
MOhtaDBa la cease. 8 12 12 Rot» nasus. 11 11 
Nevada.. ai... N W 1, 000 W ....- W W 
New Mexieon ..  ... L2. aaa 2.222222  22-22- 12 12 W ....- w W 
POX AG i luu Sua ee `S oe a W .....- Wo zx ZS W sz WwW 
N EES W ....- W 1,937 W W 1,708 
Wyoming W `a W 1,959 W `.. W 1,837 
Ota) §’ð///;˖ he 8 W W 24 7,011 W W 11 5,358 
Undistributed___....__.___._.____- 13,988 818 13,566 7,063 12,190 690 14,273 7,734 
Total all States. 46,602 2,913 39,841 89,356 40,991 1,760 40,656 83,407 
Ereegnes eden. eee dis TIL- ccu. ili. neues 772 
Grand total. 46,602 2,913 39,841 90,147 40,991 1,760 40,656 84,179 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 
! Cinder and sinter obtained from treating pyrites. Ore was treated in Arizona, Colorado, Delaware, Penn- 
sylvania, Tennessee, and Virginia. 
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Table 7.—Usable iron ore produced in the United States, by districts, States, and types 
of products 


(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


1966 1967 
District and State Direct Iron Direct Iron 
shipping Agglom- Concen- con- shipping Agglom-  Concen-  con- 
ore erates trates tent ore erates trates tent 
(nat- (nat- 
ural ural 
per- per- 
cent) cent) 
Lake Superior: 
Michigan 4,318 8, 786 1,218 59 3,007 10, 588 477 60 
Minnesota.......... 12,853 21,741 19,686 56 11,111 24,327 14,719 57 
Total... 17,171 30,527 20,904 57 14,118 34,915 15,196 58 
Southeastern States: 
Alabama 192 3j 1, 389 36 Aid. ¿O ¿2 1,355 40 
Georgia 2 447 AA, nos , ister 261 45 
Otel L 2.22 TS 198989 8 1,836 38 33 s 1,616 41 
Northeastern States: 
New Jersey, New 
York, Pennsylvaina, 
Virginia 4,099 553 S W W W 
Western States: 
Arizona NJ ³ ˙ AA setts w MW y AAE W 
California W W W W w W W W 
Colorado 163 conce 8 66 W ( guod. W 
/ ³ĩðWA 0 ·A Q ¿u D ss NN ³· - ve W 
Mississippi_...-.-... 4 W. W GE w W 
Missouri.. 1,733 195 618 1,791 11 68 
Montana I2 226-8455 dioc s 45 ll- << ¿ooo waters 45 
Nevada............. | W ......-- W N W W 
New Mexicoo o 12 58 W^ i W W 
eX88.. eet ͤͤ Déeg w WW w W W 
Utah... ewe 1.418 . 88 524 52 N W WW 
Wyoming 40 1,404 515 56 W W W W 
Total. pcos cl eee 1,628 r 3,137 r 1,246 59 11 1,791 11 68 
Undistributed.. .......... 584 r 2,921 r 5,158 59 1,796 7,632 6,047 59 
Total all States 19,575 740,084 729,697 57 16,198 44,388 222,871 58 
Byproduct ore . TIL Suc 68  ........ T 68 
Grand total.. 19,575 140, 875 129, 697 57 16, 198 45,110 222,871 58 


r Revised. W Withheld to avoid disclosing individual company confidential data; included with Un- 
distributed.” 


1 Cinder and sinter obtained from treating pyrites. I 
3 Data may not add to totals shown due to independent rounding. 
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Table 8.—Shipments of usable iron ore from mines in the United States in 1967 


(Thousand long tons and thousand dollars; exclusive of ore containing 5 percent or more manganese) 


Gross weight of ore shipped Iron content of ore shipped 


District and State Direct Agglom- Concen- Total Direct Agglom- Concen- Total Total 
shipping erates trates quan- ship- erates trates quan- value 


ore tity ping ore tity 
Lake Superior: 
Michigan 3,011 10, 336 783 14,130 1,801 6,183 468 8,452 $162,610 
Minnesota 11,149 23,884 14,424 49,457 6,387 13,683 8,264 28,334 468,623 
Total: 14,160 34,220 15,207 68,587 8,188 19,866 8,732 36,786 631,233 
Southeastern States: _ 
Alabama 201 ...... 1,271 1,472 80 ...... 508 588 8,286 
Georgie 8 267 260. Saxa (222 Bs 120 120 1,450 
Total. 2011 1,538 1,739 80 ...... 628 708 9,736 
Northeastern States: 
New Jersey, New 
York, Penn- 
sylvania, Virginia 3,551 850 3,901 ..... 2, 273 224 2,497 54,410 
Western States: | 
Arizona NN Sen508 W Wo? 65265. nues W W 
California W W W W W W W W W 
Colorado NN ee W W 22.55 cance W W 
dab VVT W WEEN W W 
Mississippi. ---.---- .....- .....- W „„ W W W 
Missouri. 1, 800 71 1,871 `... 1,224 48 1,272 26,678 
Montana FFF 10 FF cies Gets 5 81 
Nevada -_-....---- W see W 641 W aano W 391 2,858 
New Mexico W uii: W W W -.-.---- W 
Taris dee sua esses W w W ..... W W W W 
H W ....-- W 1,708 W ciseu W 905 11,916 
Wyoming W W W 1,854 W W W 1,075 19,186 
Total. 2222222 10 1, 800 71 6,084 5 1,224 48 3,648 60,714 
Undietributed. 1,801 4,121 5,885 7,104 1,009 2,487 3,171 4,246 61,418 
Total all States... 16,172 48,692 22,551 82,415 9,282 25,800 12,803 47,885 817,511 
Byproduct ore _ GOL. ace 601 ..... 470 407 7,016 
Grand total....... 16,172 44,298 22,551 88,016 9,282 26,207 12,803 48,292 824, 527 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 
1 Cinder and sinter obtained from treating pyrites. Ore treated in Arizona, Colorado, Delaware, Penn- 
sylvania, Tennessee, and Virginia. 


Table 9.—Iron ore produced in the Lake Superior district, by ranges 


(Thousand long tons and exclusive after 1905 of ore containing 5 percent or more manganese) 


Spring 
Year Marquette Meno- Gogebic Vermilion Mesabi Cuyuna Valley Total! 

minee Dis- 

trict 
1854—196ꝶ22 . 317,204 275,304 316,446 100, 201 2,372,298 65,640 5,667 3,452,759 
1960... ͤů᷑.n 88 5, 706 3,729 1,314 774 43, 570 515 524 56,132 
1964... coL 7,898 4,551 1,602 865 47,256 513 420 63,106 
MEN 8,973 4,595 810 782 50,280 367 625 66,432 
19 8 9, 589 4, 620 113 704 51,506 1,299 772 68, 608 
/ 8 10, 231 3,792 49 202 48,857 1,041 58 64, 229 
Total ). 359,601 296,591 320,334 108,528 2,618,767 69,375 8,066 3,771,261 


1 Data may not add to totals shown due to independent rounding. 
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Table 10.—Average analyses of total tonnage (bill-of-lading weights) of all grades of iron 
ore from all ranges of Lake Superior district 


Content, percent 1 
Year Thousand— 


long tons Iron Phos- Silica Man- Alumina Mois- 

phorus ganese ture 

T1963 EE 57,591 56.34 0.074 8.19 0.52 1.10 . 80 
1954- ee eeh uo 64,222 56.67 073 8.13 .45 1.09 6.17 
IL EE 64,689 56.93 067 8.14 47 97 6. 05 
S ee sees Sede hes eats 69,724 56.82 068 7.99 .49 64 6.20 
190671... ctetu mre E SEE Yam k as 63,845 57.81 060 7.63 .47 57 . 69 


1 Iron on natural basis; phosphorus, silica, manganese, and alumina on dried basis. 
Source: American Iron Ore Association. 


Table 11.—Beneficiated iron ore shipped from mines in the United States ! 


(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


Proportion of 


Year Beneficiated Total beneficiated 
to total 
(percent) 
J 002. . ͥ ͥͥ D ef EE EEN 46,942 69,969 1 
IL EE Sa th 57,277 73,564 77.7 
//%%ß%⁵%»b ̃ ...... Ee 64, 329 84, 300 76.3 
IUDDL o m iu a n p M Lid d ge Me deta LE 64,667 84,073 76.9 
h ³oW0 mA. y 8 70,451 90,041 78.2 
E T EET AE NEEE E E E EE A E E E A 66,243 82,415 


1 Excludes byproduct ore. 


Table 12.—Consumption of iron ore and agglomerates in the United States in 1967 


(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


Iron ore ! Agglomerates 2 
State — TT Miscel- Total 
Blast Steel Blast Steel  lane- 


furnaces furnaces furnaces furnaces ous? 


Alabama, Kentucky, Tennessee, Texas 6,771 132 4,242 W 134 11,280 
California, Colorado, Utabh 4,463 444 2,611 W 71 7,589 
Maryland and West Virginia 3,262 361 7,981 W W 11, 605 
Illinois and Indiana 15, 060 842 11, 906 W W 27,808 
Michigan and Minnesota_._. aa 6,151 116 4,391 W 30 10,688 
New York, Ohio, Pennsylvania, New Jersey... 32,320 1,811 23,481 W 31 57,644 
e = 611 199 809 

lll 8 68,028 3,707 54, 613 611 466 127,424 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed“. 
1 Includes 88,180,000 tons of pellets and nodules produced at mines. 

? Does not include agglomerate produced at mine site. 

3 Includes iron ore used in making paint and cement, also ore consumed in ferroalloy furnaces. 

4 Data may not add to totals shown due to independent rounding. 
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Table 13.—Usable iron ore ! consumed in agglomerating plants and agglomerate produced 
from this ore in 1967, by States 


(Thousand long tons) 


State Iron ore ! Agglomerate 
consumed produc 
Alabama, Kentucky, Texas__._____________--_____ -_-_- 222 222222222222 2,856 3,138 
California, Colorado, Uta 2,214 2,602 
Maryland and West Virginia PI n LE EE 5,672 5,961 
Illinois and Indiana... . cee ß . 8,987 10,858 
Michigan and Minnesota 1,521 2,540 
New York, Ohio, Pennsglvania dd „„ 15,175 18,530 
Total d s rec Diu ]ð . aru ] K ĩ⅛ê K 36, 426 43,629 


1 Does not include material used in Werde produced at mine site. 
* Data may not add to totals shown due to independent rounding. 


Table 14.—Production of agglomerates! Table 15.—Stocks of usable iron ore at 


in the United States, by types mines ! Dec. 31, by districts 
(Thousand long tons) (Thousand long tons) 
Agglomerate produced District 1966 1967 
Type —ITT 
1966 1967 I 
Lake Superior r 7, 802 8,404 
Southeastern States 298 454 
Sinter and nodules. ......... r 48,400 245,995 Northeastern States. r 3,063 3,359 
eer ( r 36,711 41,972 Western States r 997 913 
Total 33. r 85,110 87,967 dk . ¿z 2. 222: r 12,160 13,130 
r Revised. r Revised 
1 Production at. mines and consuming plants. 1 Excluding byproduct ore. 
? Includes 17,233 thousand tons of self-fluxing 


sinter. 
3 Data may not add to totals shown due to inde- 


pendent rounding. 


Table 16.—Average value of usable iron ore shipped from mines or beneficiating plants in 
the United States in 1967 


(Per long ton) 


Direct-shipping ore Concentrates 
District —.. — — — — — Agglom- 
Hema- Brown Magne- Hema- Brown  Magne- erates 
tite ore tite tite ore tite 

Lake Superior ----------------------- $7.03 „ $7.67 W A m $12.14 
South eastern N ` ege W $5.45 2222220 ceeds 
Northeast een % k ĩͤK 8 510.47 14.29 
„ EE 5.87 $5.94 $6.66 6.84 11.02 7.28 11.75 
jus WEE 6.94 5.94 6.66 7.56 7.24 7.52 12.26 


W Withheld to avoid disclosing individual company confidential data. 
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Table 17.—U.S. exports of iron ore, by countries 


(Thousand long tons and thousand dollars) 


1965 1966 1967 
Destination nn M —— .———— e 
Quan- Value Quan- Value Quan- Value 
tity tity tity 

CaneGa = LL ul ³ĩ⅛ é So eee 2 ZS 4,560 $54,399 3,911 $48 , 567 2,258 $29 ,069 
Germany, Wee 92 553 62 382 43 270 
77%%%/%%/0ö§ĩ⁊¹-⁰ũ— esos eee ose 2,431 25,425 3,718 42,876 3,689 42,179 
Other countries 2 41 28 332 8 67 
I/. ĩðͤ uUa hue 7,085 80,418 7,779 92,157 5,948 71,585 


Table 18.—U.S. imports for consumption of iron ore, by countries 


(Thousand long tons and thousand dollars) 


1965 1966 1967 
Quantity Value Quantity Value Quantity Value 

Algeria_______ cS A 51 S356 ET 
Australia. 1 2 10 510 1 18 
FFII r- T E 2,279 23,380 2,723 26,695 1,640 14,905 
Canada .-..-.-------------------- 23,756 264,360 23,941 273,809 24,214 276,597 
Chile cu uocum 88 , 660 23,253 2,268 19,810 1,965 11,286 
FCC 2,813 19,978 3,390 24,851 3,099 23,737 
Mauritania. ee 4 1,128 107 1,563 802 
E ieee . buy cece 10 48 / sodain 
NISC Soe TA ͤ te 12 LIE 24:263 sete E E Colones 
N ⁰¾ ſ m 41 369 436 2,217 
NEE 957 10,350 1,048 11,281 879 9,404 
Sweden__ eenig ere 57 1,108 82 1,523 148 1,840 
Venezuela______ 2... Ll... 12,278 97,925 12,592 102,040 12,820 108,718 
ld EE 141 1,734 62 811 1 55 

Total- as uu 2 56e 45,103 443 , 788 46,259 462,354 44,621 444,079 


1 Less than 1⁄4 unit. 


Table 19.—U.S. imports for consumption of iron ore, by customs districts 


(Thousand long tons and thousand dollars) 


1966 1967 
Customs district Quantity Value Quantity Value 

Bite. ³ A CE 9, 794 $89,426 9,008 $84,192 
Buffalo. ses oi eee cea ³⁰ m ee a eee mete 2,735 35,050 2,4 32,8 
ër 25 .. ⁰ꝗ te UMEN ̃ ͤ ws 4,812 54,509 6,287 72,435 
Cleveland. oclo y Sele bel o Bae 7,090 75, 490 1,844 76,330 
Doótroit EE 2,121 29,959 1,693 24,590 
ne ß e E E A A ET 17 
% EEGENEN 1 17 
eee ß ß ß 627 8,279 438 5,421 
Mobile: roc ou ias c u EE 8 4,274 37,419 4,056 34,947 
New Orlean l... l... ee ewe 494 5,394 612 5,412 
eee ß oe Du a See ee 425 4,00 23 2,170 
Philadelphia. “... 13,881 122, 752 12,466 105, 495 
GREEN epee, erent 1 
S c. Se eene 1 10 1 9 
Other. Ee 3 45 (2) 2 

d NN 46,259 462,354 44, 627 444, 079 


1 Less than 1⁄4 unit. 
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Table 20.—World production of iron ore, iron ore concentrates, and iron ore agglomerates, 
by countries 1 
(Thousand long tons) 


Country 1963 1964 1965 1966 1967 » 
North America: 

TN TEE 26,914 34,219 35,678 r 40,691 41,654 
Guatemalas 6 7 8 8 9 
Mexico (60 percent Fe equivalent: 2,291 2,284 2,613 2,271 2, 653 
United States 2.__ 222 22222 c cll. 73,599 84,836 87,439 90,147 84,179 

South America: 
A/ r oni Ea 98 93 114 152 220 
Brazil VVVTVV0C—TT—T00T0B—o! 88 11, 042 16, 694 17, 873 r 22, 887 23, 129 
Li A TEEN 8,373 9,697 r 11,953 r 12,019 10,851 
Golem. 684 r 699 695 652 195 
Periti: bod x ĩð . ee 6, 516 6,425 6,992 7,664 7,538 
ee ß se 2 J)ö; ` Ge 
Venezuela... 11, 562 15,409 17,234 17,479 16,854 

igi: ci 

IEN s uec oA au Uds m eb 255 345 r 389 r 404 NA 
AUBLTIR ocu eL ce mt 88 3,675 3,507 3,480 3,420 3,418 
Belgium... 94 60 90 122 e 90 
STE fol cue sZ EZ 2 645 705 1,773 2,567 e 2,660 
Czechoslovakia 3,357 2,801 12, 407 12, 202 e 1, 970 
Denmark... kr eocees 84 89 64 54 56 
Finland: u ß ie ee LEE 860 466 669 646 633 
LN 22. 2. ee dees is ee irs 56,978 59,976 58,592 r 54,191 48,443 
Germany 

Fäst- 2 Loud ca Luc A ei wets 1,635 1,608 1,604 r 1,694 1,722 
WES: oc oe er 12,694 11,430 10,676 9.318 8,418 
Ge . cna mw vv.. E aL T FIA scien r6 15 17 
Hung 8 721 763 750 735 e 710 
| k eran syn ⅛ omQNK at Ma ee s 1, 008 862 773 772 725 
Luxembourg 6, 880 6, 575 6,215 6, 425 e 6, 275 
Norway 1,967 2,089 2,425 2,322 3,181 
Poland . beeen usa 2,568 2,638 2,817 3,006 e 8,075 
, v ee ua us 259 212 208 r189 193 
Rumanita aaaaaaMnaMnMMMM M 2,250 1,901 2,440 2,639 2,752 
Spall SEENEN 5,111 5,026 r 5,601 4,989 5,005 
Sweden. cc d mt ee 23,264 26,199 29,019 27,761 27,824 
Switzerland... ....... LLL LLL LL c222ll- 89 111 6 
MORS MPO 88 r 135,304 * 143,285 151,009 1157, 740 165, 347 
United Kingdom 14,912 16,326 15,415 r 18,658 12,740 
za ðV 2,261 2,271 2,464 2,454 2,539 
Africa: 
Algeria sees etie ] ... ALD kyu 1,945 2,696 3,083 e 1,670 e 1,970 
Anl.. ee wees Gar 628 885 802 779 e 810 
Guinea, Republic o 652 894 143 e] 575: 2. 
Libëria rus ose eee AC oe a ei 7,401 12,794 15, 707 16,598 17,936 
Mauritania 1, 652 5, 000 6, 185 7,044 e 7, 870 
Morocc ooo 1,019 874 936 1,001 870 
Rhodesia, Southern. ...............-.-- 645 811 e 1,340 NA NA 
Sierra Leone -22222222222 1,882 1,962 2,110 2,268 2,065 
South Africa, Republic of 33 4,390 4,754 5, 724 6,690 7,615 
South-West Africa, Territory of... 15 32 37 e 37 

;öö‚[ööÄW»w%c i SOS ee Asas sa (4) 34 38 e 38 
Swaziland. .________.___..-__-_-_---... ------- 59 1,004 1,566 1,715 
TUN isis os 8 851 924 1,099 1,248 904 

ge United Arab Republic..............-.-- 481 440 499 435 e 490 
ia: | 
China, mainland ep ------------- 34,400 36,400 38,400 39,400 27, 600 
Hong King... Kũmw 5.252-22 6 11 114 132 135 142 
India €... LLL Lc eee 19,679 r 21,026 23,286 25,920 25, 744 
Iran EE e 20 59 e 79 N 
Japan EEN 2,387 2,517 2,470 2,338 2,184 
Korea: 
North. ß ea 3,799 4,724 e 5,800 e 5,900 e 6,400 
South aso ud E 493 674 723 777 687 
Malaysia.. ³ðVůĩĩ ð d y te 7,264 6,465 6,873 5,763 5,350 
, eve ee ense esee 1,363 1,345 1,415 1,443 1,482 
Thailand. .............. 22 l 22-22-2222 16 188 738 681 540 
d KI ENEE 735 961 1,506 1,594 1,462 
Oceania: 
Australia 5, 515 5, 668 6, 696 11, 425 18, 517 
New Caledonia 294 302 275 217 201 
Total? Ü˙Cẽ ĩ² A ⁵ ee eS r 515,135 r 572,094 r 607,269 * 627,974 618, 308 
e Estimate. r Revised. P Preliminary. NA Not available. 


1 Compiled mostly from data available May 1968. 
2 Includes byproduct ore. 


3Includes byproduct magnetite as follows: 1963, 522; 1964, 845; 1965, 893; 1966, 878; and 1967, 860. 


4 Less than 14 unit. 
s Roughly, containing 50 percent iron. 


6 Includes production from Goa as follows: 1963, 4,921; 1964, 5,956; 1965, 6,480; 1966, 6,431; and 1967, 7,086. 


7 Year ending March 20 of following year. 
$ Includes iron sand production; excludes byproduct ore. 


9 Total is of listed figures only; no undisclosed data included. 
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Iron and Steel 


By John W. Thatcher’ 


For the United States iron and steel 
industry, 1967 was a year of lowered de- 
mand, production, and shipments for both 
pig iron and steel. Raw steel production 
reached 127.2 million tons, 6.9 million 
tons below the record 1966 figure; ship- 
ments totaled 84 million tons compared 
with 90 million in 1966. Lagging ship- 
ments to the automobile industry and the 
steel haulers’ strike affected domestic ship- 


ments, along with inroads made by foreign 
producers. 

In the face of increasing competition 
from abroad, steel companies made im- 
pressive progress in their efforts to im- 
prove technology and increase efficiency. 
Basic oxygen steel production increased 
22 percent, electric furnace production 
was higher, and planned capacity for con- 
tinuous casting gave promise of higher 
production yields in the near future. 


Table 1.—Salient iron and steel statistics 
(Thousand short tons) 


1963 1964 1965 1966 1967 
United States: 
Pig iron: 
e dee rte EE 71,840 85,458 88,207 91,287 86,799 
Shipment 72,211 85,693 88,891 90,884 86,819 
EXDOPU 2-222 ] AA 70 176 28 12 7 
Imports for consumption 645 786 882 1,187 605 
Production of ingots and castings (all grades): 
Carbon- ĩ˙’.¹˙. -r eee 98,714 114,442 116,651 118,732 113,190 
Ser 888 1,204 1,443 i e 1,451 
All other allo 9,348 11,191 13,818 13,718 12, 572 
C6: ³⅛˙w ðͤ . seaels 109,261 127,076 131,462 134,101 127,218 
Index (1957-61) 10⸗ oo eee 111.8 180.0 184.5 187.2 180.1 
Total shipments of steel mill products......... 75,555 84,945 92,666 89,995 83,897 
Exports of major iron and steel products 2,670 4,065 2,888 2,144 2,079 
Imports of major iron and steel produets _ _ 5,637 6,630 10,640 11,048 11,446 
World production: 
Lal 310,000 350,000 369,000 382,000 391,000 
Steel ingots and castings. ggg 427,000 483,000 506,000 625,000 548,000 


NA Not available. 

1 American Iron and Steel Institute. 
* Data not comparable for all years. 
3 Includes ferroalloys. 


Trends and Developments.—The do- 
mestic steel industry spent $2.4 billion for 
capital improvements in 1967, a 10 per- 
cent increase over that of 1966. The out- 
look for 1968 is for an even larger 
expenditure. Capital expenditures for new 
plants and facilities have totaled about $14 
billion during the last 10 years and are 
estimated at $9 billion for the next 4 
years. 


Emphasis of modernization programs 
was placed on rolling and finishing facil- 
ities, and on a more diversified product 
spectrum. The finishing side of the steel 
mill, and new products such as steel foil, 
weathering steels, and tinfree steels are 
critical areas in the domestic industry and 


are given priority in order to meet the 


1Commodity specialist, Division of Mineral 
Studies. 
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increasing demand for better quality steels 
and to meet the challenge of alternate 
materials. The construction and modern- 
ization of primary production facilities 
proceeded throughout the industry, pri- 
marily to meet the need for greater 
efficiency. 

United States Steel Corp. spent $575 
million in 1967 (up 30 percent over that 
for 1966) for replacement, modernization, 
and extension of facilities. New authoriza- 
tions during 1967 totaled $775 million. At 
-the end of the year the amount required 
to complete all authorized projects was 
$1,150 million, an alltime high level. 
Nearing completion at the South Works, 
Chicago, III., were three basic oxygen 
furnaces and a 32-foot hearth blast furn- 
ace. A large continuous slab casting unit 
began its break-in at Gary, Ind., in con- 
junction with the startup of a computer- 
controlled 84-inch hot strip mill, a 52-inch 
cold reduction mill, and a high-speed tin- 
ning line. U.S. Steel moved ahead with 
construction of its plate mill complex at 
Baytown, Tex., as well as the cold-rolling 
facilities at Irvin, Tex., and the four strand 
unit for continuous casting of blooms and 
billets at Torrence, Calif. Improvements 
were also affected at plants in Lorain, 
Ohio, Joliet, III., and Fairless Hills, Pa. 
A major program was announced to in- 
crease the silicon sheet steel production by 
30 percent at the Vandergrift, Pa., plant. 
At yearend, U.S. Steel announced plans 
to phase out its production of cold finished 
bar products at Newburgh, Ohio, by mid- 
1968. 

Bethlehem Steel Corp. announced 
details of Phase II plans for its 5-year 
expansion project at Burns Harbor, Ind. 
Initial output of 1.5 million tons will be 
provided by two 250-ton oxygen con- 


verters drawing hot metal from a 35-foot ` 


hearth blast furnace—largest in the U.S. 
industry. Ultimate capacity of the plant 
will be 5 million tons a year. Phase I was 
the initial building program by which 
Bethlehem made its debut as a Midwest 
steel producer. Completion of Phase II in 
1970 will mark Bethlehem expanding to 
become a fully integrated steel producer 
at Burns Harbor, complete with hot metal 
facilities and a harbor through which raw 
materials can be furnished. Estimated cost 
of Phase I and II is $900 million. Total 
capital expenditures in 1967 were $353 
million. Expansion programs proceeded at 
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all other major plants including rolling 
and finishing facilities at Sparrows Point, 
Md., Bethlehem, Pa., and Lackawanna, 
N.Y. Bethlehem announced at midyear it 
had ordered its first production contin- 
uous casting machine, which will be in- 
stalled at the Johnstown, Pa., plant. Addi- 
tionally, two basic oxygen furnaces, to be 
installed at the Bethlehem Pa., plant, will 
bring to a total of seven such furnaces 
operated by the firm. 

Capital expenditures for Republic Steel 
Corp. totaled $162 million in 1967, the 
largest part of which was allocated to its 
Cleveland, Ohio, works for installation of 
a 84-inch hot strip mill and related cold 
mill facilities, for blast furnace rebuilding, 
for a water pollution abatement program, 
and for other improvements. Construction 
at the Canton, Ohio, plant of four 200-ton 
electric furnaces, two continuous casting 
units, and new vacuum melting and 
vacuum degassing facilities will double 
Republic’s capacity to produce high- 
strength alloy steel. Other improvements 
underway during the year included blast 
furnace relines at Buffalo, N.Y., and 
Gadsden, Ala.; billet and skelp mill 
modernization at Youngstown, Ohio; re- 
building the bar mill complex at Buffalo, 
N.Y.; and start of construction of a 14- 
inch bar mill at Chicago, Ill. A new plate 
mil which went onstream at Gadsden, 
Ala., in 1967 put Republic in a good posi- 
tion relative to the booming southern 
market for plate. 

Armco Steel Corporation's major project 
at Middleton, Ohio, which involves build- 
ing a new steel mill alongside of an old 
one, moved toward the target completion 
date of mid-1968. An 80-inch hot strip 
mill, part of a 3,300-foot hot rolling com- 
plex, is the key facility. Raw steel produc- 
tion will be boosted by the installation of 
two 200-ton oxygen converters. Construc- 
tion of electric furnaces proceeded at 
Butler, Pa., Kansas City, Mo., Sand 
Springs, Okla., and Houston, Tex. Vacuum 
degassing and continuous casting were 
being installed at Butler, Pa., and cold mill 
facilities were completed at Ashland, Ky., 
during the year. 

National Steel Corp. contracted to buy 
3,300 acres near Pittsburg, Calif. The firm 
declined to comment on plans for develop- 
ment of the property, which has access to 
the Pacific Ocean through a 50-mile-long, 
30-foot-deep channel. National specializes 
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in the types of light, flat-rolled and coated 
sheets that are widely consumed in the 
Pacific coast market. Work continued on 
the electric furnace-continuous casting bil- 
let complex at National’s Great Lakes 
Steel Div., Detroit, Mich., and planning 
was started for a second BOF at the plant. 
The firm’s Weirton Steel Division, Weir- 
ton, W. Va., reported smooth operation 
of its new 300-ton oxygen converters and 
was nearing break-in on the vacuum de- 
grassing and continuous casting units. 
Youngstown Sheet & Tube Co. pro- 
gressed in construction of an 84-inch hot 
strip mill and conversion of a blooming 
mill to a universal mill at its Indiana 
Harbor Works, East Chicago, Ind. In 
addition, a 32-foot hearth blast furnace 
was completed and two 260-ton oxygen 
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converters were being constructed. Com- 
pletion of the project will further integrate 
the plant toward the flat roll market. 

Jones & Laughlin Steel Corp., the na- 
tion’s fifth largest steelmaker, continued 
construction of the Chicago area’s newest 
steel mill at Hennepin, Ill. As with other 
new mills, the Hennepin plant will inte- 
grate backwards starting with the finish- 
ing mills. A completed 84-inch cold rolling 
mill and continuous galvanizing line are 
supplied with semifinished steel from the 
Cleveland Works. Installation of oxygen 
converters and continuous casting at Ali- 
quippa, Pa., and improvements at Ham- 
mond, Ind., and Cleveland, Ohio, are also 
part of a 3-year, $400 million, expansion 
program. 


PRODUCTION AND SHIPMENTS OF PIG IRON 


Responding to a lessened demand from 
the steel and foundry industries, pig iron 
production and shipments dropped 5 and 
4.5 percent, respectively, from the record 
highs of 1966. Although Pennsylvania and 
Ohio continued to lead in pig iron pro- 
duction, these two States showed a de- 
crease in production and shipments while 
Indiana, the Nation’s third leading pro- 
ducer, showed a slight gain. 

According to the American Iron and 
Steel Institute (AISI), there were 233 
pig iron blast furnaces on January 1, 1968, 
two fewer than on the same day in 1967. 
Of these, 168 were in blast, an increase 
of 10. The average production per blast 
furnace day rose to 1,570 tons. This was 
a 5-percent increase over that of 1966 and 


CONSUMPTION 


Consumption of pig iron decreased 4.8 
percent, almost equal to the 5.1-percent 
decrease in steel production. All districts 
in the United States showed decreases in 
consumption except the East South 


was a significant indication of industry 
efforts to increase blast furnace efficiency. 


Metalliferous Materials Consumed in 
Blast Furnaces.—The agglomerate charge 
consisted of 34.7 million tons of sinter, 
16.7 million tons of self fluxing sinter, 36.9 
million tons of pellets, 9.7 million tons of 
foreign agglomerates. No nodule consump- 
tion was reported. 

According to AISI, blast furnace con- 
sumption of oxygen decreased from 9 
billion cubic feet in 1966 to 8.7 billion in 
1967. Data collected by the Bureau of 
Mines showed that 39.9 billion cubic feet 
of natural gas, 4.5 billion cubic feet of 
coke-oven gas, and 68.5 million gallons of 


oil were consumed by blast furnaces in 
1967. 


OF PIG IRON 


Central, which showed a slight increase. 
Plants in the Middle Atlantic and East 
North Central districts consumed about 
77 percent of the total. 


PRICES 


Pig iron and steel prices increased 
shghtly during 1967. The average com- 
posite pig iron price, published by Iron 
Age, was $56.38 per short ton, compared 


with $56.34 in 1966. The Iron Age figure 
for the composite price of finished steel 
was 6.496 cents per pound, compared with 
6.445 cents per pound in 1966. 
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FOREIGN TRADE 


Exports of steel products decreased 3 
percent in 1967, continuing the downward 
trend begun in 1965. Exports of sheet and 
strip increased while exports of ingots and 
tin mill products decreased. Pig iron ex- 
ports continued to drop sharply; tonnage 
in 1967 was 4 percent of that for 1964. 

Imports of steel products increased 4 
percent in 1967, establishing a record 
high and prompting the introduction of 
several import quota bills in Congress. 
Sheets and strip, steel plate, wire rod, and 
pipe led the list of products in terms of 
volume. Combined imports from the 
European Economic Community increased 
substantially while imports from Japan de- 
creased; these supply sources accounted 
for 42 percent and 39 percent of the total, 


WORLD 


World production of pig iron (including 
ferroalloys) and steel established a record 
in 1967, as the decrease in U.S. production 
was outweighed by production increases in 
Japan, Italy, and the U.S.S.R. 

Formation during the year of the Inter- 
national Iron and Steel Institute offered 
hope that there will be greater understand- 
ing among the producing nations of the 
complexities and problems facing the 
world steel industry. 


NORTH AMERICA 


Canada.—Hawker Siddeley Canada Ltd. 
announced on October 13 that its Domin- 
ion Steel and Coal Corp. (Dosco) blast 
furnace and open hearth facilities at 
Sydney, Nova Scotia, would be closed on 
April 30, 1968. Reasons given for closing 
the 70-year-old plant were depletion of 
local iron ore deposits, outdated equip- 
ment, poor location relative to markets, 
and increasing competition resulting from 
excess steel capacity throughout the world. 
Operating losses were reported to be $4.3 
million in 1966 and $6.4 million for the 
first half of 1967. 

In December, the Nova Scotia House of 
Assembly approved a purchase agreement 
between the company and Provincial offi- 
cials by which Dosco was to operate the 
plant as Provincial agents from January 1, 
1968, until April 30, 1968. Thereafter a 
crown corporation will operate the plant 


respectively. Imports of pig iron dropped 
50 percent as no imports were received 
from Communist countries or from the 
Republic of South Africa. 

The sixth tariff negotiating conference 
sponsored by the General Agreement on 
Tariffs and Trade (GATT), known as the 
“Kennedy Round,” terminated on June 30, 
1967, after 3 years of deliberations. The 
Kennedy Round will result in a five-stage 
reduction of U.S. steel tariffs from a 
weighted average of 7.44 percent in 1966 
to 6.5 percent in 1972. Other major 
countries reduced their tariffs on steel 
generally by more than the United States, 
with the result that steel tariffs are now 
more closely harmonized among major 
countries. 


REVIEW 


until April 30, 1969, or until a buyer is 
found. Purchase price was reported to be 
about $23 million. 

Canada’s first research facility devoted 
to applied research in the field of iron and 
steel manufacturing technology was opened 
in June by the Steel Company of Canada 
Ltd. (Stelco). Research activities to be 
carried out at the $4 million center will be 
designed to develop improved steel prod- 
ucts, to increase productivity by the 
development of new and improved manu- 
facturing processes, and to utilize Stelco’s 
waste materials by development of methods 
to transform them into profitable byprod- 
ucts. 

Dominion Foundries and Steel Ltd. 
(DOFASCO) put in operation in June a 
new $25 million automated five-stand cold 
reduction mill. 

Canada Petrofina, a subsidiary of the 
Belgium Petrofina organization, announced 
plans to build an iron powder plant near 
its Montreal refinery in partnership with 
Consolidated Quebec Smelting and 
Refining. 


Mexico.—Each of the four top pro- 
ducers In Mexico plan to double capacity 
by 1970; however, the country will prob- 
ably remain a net importer of steel for 
the foreseeable future. 

Hojalata y Lamina, S.A. (HyL), an- 
nounced plans to construct an integrated 
steel plant near Pueblo which will produce 
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250,000 tons of steel products per year 
in the form of billets, bars, shapes, and 
wire. Plant design includes a direct reduc- 
tion facility of the HyL type, three electric 
furnaces, two 4-strand continuous casting 
machines, and a continuous light-section 
and wire-rod mill. 

Altos Hornos de Mexico, S.A., began 
operating its third blast furnace in 
November 1966, increasing the ingot 
capacity of the Monclova works to more 
than 1.5 million tons. Other elements of 
the expansion program include a basic 
oxygen steel plant, raw material crushing 
plants, blooming mill, coke oven plant, and 
a 150-ton-per-day oxygen plant—all of 
which will increase capacity to over 2 mil- 
lion tons and will broaden the company’s 
product mix. 

Cia. Fundidora de Fierro y Acero Mon- 
terrey, S.A., completed the installation of 
its third blast furnace and had underway 
the installation of a 56-inch, 4-stand, 
tandem cold mill. Capacity is expected to 
reach 1 million tons by 1969. 

Tubos de Acero de Mexico, S.A., opened 
a HyL sponge-iron facility at its Vera 
Cruz plant, thus replacing most of the 
company's scrap needs. 


SOUTH AMERICA 


Argentina.—Argentina, like other Latin 
American steel producers, was involved in 
an ambitious program to boost tonnage. 
The Government target for raw steel prod- 
ucts by 1972 is 4.5 million tons, a three- 
fold increase over 1967 production. 

The Government authorized Sociedad 
Mixta Siderürgica Argentina (SOMISA), 
the State-owned steel company, to proceed 
with expansion plans to increase capacity 
from 1.2 million tons of steel ingots to 2.2 
million tons by 1974. In a decree published 
August 22, Argentine official banks and 
entities were empowered to give SOMISA 
the guarantees for foreign borrowing re- 
quired to finance the expansion. The first 
phase, to be in operation by 1971, will in- 
volve a new sinter plant and improvements 
to rolling mills. The second phase will 
include a basic oxygen furnace (BOF) 
shop and a continuous casting line and is 
scheduled for completion in 1972. The 
third phase is to be completed by 1973, 
and designates construction of a coking 
plant and second blast furnace. Cost of the 
entire project is estimated at $195 million. 
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The Argentine Government approved 
several modifications to the program 
originally approved in 1965 for the con- 
struction of a new integrated steel plant 
by  Propulsora Siderúrgica S.A. at 
Ensenada. Decree 1296/67 obligates Pro- 
pulsora to place the hot rolling mill in 
operation during 1972 and the blast 
furnaces and steel plant in operation dur- 
ing 1974. However, these dates may be 
advanced or delayed, depending on 
market demands. The first stage of the 
project calls for an investment of $60 mil- 
lion, 50 percent of which will come from 
equity financing and 50 percent from 
private interests. The equity financing will 
come from Italy and the remainder will 
be negotiated with private interests in 
Italy, the United Kingdom, and Japan. 
According to trade sources, Propulsora is 
guaranteed raw materials at about world 
prices, which when sold locally should 
generate profits for the financing necessary 
for the second and third stages. 


Brazil.—Expansion plans of the Brazilian 
steel industry were revealed in January 
in a report prepared by Booz Allen & 
Hamilton International for the National 
Bank of Economic Development. It was 
based on the findings of a committee of 
Brazilian Ministers, representatives of the 
steel industry, and officials from the World 
Bank and International Monetary Fund. 
The report recommended that the main 
expansion to 7.5 million tons annually by 
1972 should take place in the three large 
Government-controlled integrated works, 
Campanhia Siderürgica Nacional (CSN), 
Usinas Siderúrgicas de Minas Gerais 
(USIMINAS), and Cia Siderürgica Pau- 
lesta (COSIPA). It also suggested that 
new plants producing light-rolled products 
be installed at Recife and Corumba to 
meet regional needs. The report further 
recommended that annual production be 
raised to 9.6 million tons by 1975. 'The 
investment necessary was estimated at 
$603 million. 

The three major steel producers, CSN, 
USIMINAS, and COSIPA reached an 
agreement in September in which they 
subscribed to a policy for the unification 
of sales, prices, and marketing methods. 


Chile.—The Export-Import Bank an- 
nounced in March it had authorized a 
$25 million Alliance for Progress loan to 
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Compania de Acero del Pacifico S.A 
(CAP) to help expand its steel production 
from 650,000 tons to 1 million tons an- 
nually. The total cost will be about $130 
million and will include new finishing 
mills, an electrolytic tinning line, two 
oxygen converters, an oxygen plant, and 
ancillary equipment. Additional financing 
needed will be made available from CAP’s 
corporate resources, Chilean financial 
institutions, and a loan from European 
sources. 


Colombia.—By Resolution No. 370 the 
Superintendency of Economic Regulation 
on December 26 freed semifinished and 
finished iron and steel products of do- 
mestic manufacture from price control. 
Two days after the price control removal, 
Acerias Paz del Rio S.A., the country's 
largest and only integrated steel mill, 
raised its prices by an average of 25 per- 
cent. The price increase will result in in- 
creased profits for 1968 and thereby im- 
prove the position of the company to 
receive international credits for develop- 
ment programs. 

The first stage expansion plan of 
Acerías Paz del Rio is scheduled for com- 
pletion in 1968 while the second stage 
awaited financing. 


Peru.—The Peruvian Government signed 
a decree on September 29 approving the 
contract between Corporacion Peruana del 
Santa and the member companies of the 
Italian-French Consortium, CONSIDER- 
ENSID, for the construction of a $67 mil- 
lon rolling mill at the Chimbote steel 
plant. A new blast furnace was reported to 
be in operation in October at the plant 
and two oxygen converters and a contin- 
uous casting line were reported to be in 
the planning stage or under construction. 


EUROPE 


European Coal and Steel Community 
(ECSC).—Raw steel production for ECSC 
countries totaled 99 million tons in 1967, 
a 6-percent increase over that of 1966, due 
mainly to an 18-percent increase in ex- 
ports to third countries. Exports to the 
United States increased 38 percent and 
exceeded those from Japan. Internal con- 
sumption showed no marked increase, 
although there were considerable variations 
from one ECSC country to another. In the 
first half of the year prices tended to 


MINERALS YEARBOOK, 1967 


stabilize; however, in the second half prices 
declined, as production exceeded consump- 
tion. 

The ECSC forecasted a capacity of 132 
million tons by 1970, due mainly to in- 
creased facilities for oxygen steelmaking. 
Emphasis over the next few years will be 
on modernization, including reorganiza- 
tion, replacement of obsolete plants, and, 
in some cases, closures. Mergers of August 
Thyssen-Hutte and Huttenwerk Oberhaus- 
sen in West Germany, and de Wendel, 
Sidelor, and Société Mosellane de Sidér- 
urgie in France are indicative of the trend 
toward large production groups. 

Italan steel production in 1967, 17.5 
million tons, showed the largest percentage 
increase of any country in the Community. 
Despite higher production, consumption 
outstripped steel output and Italy re- 
mained a net importer of steel in 1967. 
During the year, Italy added 1 million 
tons of capacity and showed signs of 
threatening France for the second spot in 
the Community. 

It was announced that the U.S.S.R. will 
build a 48-inch diameter pipeline from the 
Ukraine to Italy (a distance of 1,860 
miles) for gas transmission; the pipeline 
will require about 1.7 million tons of pipe. 

Italsider S.P.A ordered a second real- 
time computer system for its plant at 
Cornigliano, Italy. The new unit will be 
used for production control, order ac- 
ceptance programing, control of ship- 
ments, inventory, raw materials, work in 
progress, and finished products. The first 
unit was installed in 1963. 


Austria.—VOEST Steel Manuífactur- 
ing Company began assembly in April of 
two oxygen converters which are to be in- 
stalled at the Taiyun Works, 300 miles 
from Peking, mainland China, sometime 
in 1968. Reports of capacity range from 
600,000 tons of steel to 1.5 million tons 
annually. | 


Bulgaria.—When present expansion 
plans are completed, Bulgaria will have an 
annual steelmaking capacity of 4.5 million 
tons and will be able to supply 65 percent 
of domestic demand for rolled products. 

The U.S. S. R. was reported to have 
signed an agreement with Bulgaria to ex- 
pand the capacity of the Kremikovtsi steel 
plant from 1 million to 1.5 million tons of 
rolled steel. The U.S. S. R. is to provide 
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technical assistance and equipment includ- 
ing a blast furnace, a coking plant, and an 
electric furnace. Other facilities under con- 
struction include a 100-ton oxygen con- 
verter, hot strip mills, a finishing mill, and 
a ferroalloy shop. 


Czechoslovakia.—Expansion of steel- 
works continued in 1967 with consider- 
able assistance from the U.S.S.R. At the 
East Slovakia Ironworks, Kosice, the No. 
2 blast furnace was due to be blown in at 
yearend. The No. 2 BOF shop, which will 
contain two 130-ton vessels, was under 
construction during the year. 

At Kladno, in Western Bohemia, the 
United Steel Works is replacing obsolete 
facilities with a new plant designed to 
produce 1 million tons of high-grade steel 
yearly. Major equipment will be two elec- 
tric furnaces, two oxygen converters, two 
continuous casting installations, and a 
vacuum degassing plant. 


Finland.—The second phase of expan- 
sion of the state-controlled steel company, 
Rautaruukki Oy, was officially inaugurated 
at the company’s main plant at Raahe on 
October 21. New facilities include two 
oxygen converters, three continuous slab 
casting machines, and auxiliary equipment 
—all obtained from the U.S.S.R. The new 
plate mill was purchased from a British 
concern. 


Greece.— The integrated Greek steel 
company, Halyvourgiki S. A., reportedly 
will spend $20 million to expand its pro- 
duction range to include coils, plates for 
shipbuilding, and shapes so as to fully 
utilize the blast furnaces. Part of the addi- 
tional plant will be finished in 1968 and 
the rest in 1969 with initial output set at 
500,000 tons. 


Hungary.—Reports from Budapest in- 
dicate that a new iron foundry will be 
built in northern Hungary which will start 
production in 1972. The plant will employ 
4,000 workers and will produce 110,000 
tons of castings per year. 

A new electric steel plant was under 
construction at the Diosgyor Works, with 
an annual capacity of 75,000 tons. A 50- 
ton furnace will be supplied by the 
U.S.S.R 


Poland.—The largest continuous billet 
casting unit in Europe began operating at 
the Huta Zawierce steel plant in Krato- 
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wice province in January. The new instal- 
lation, designed and constructed by Polish 
engineers, is the third of its type in Poland 
and has an annual productive capacity of 
280,000 tons. 

The U.S. Treasury Department pub- 
lished in the Federal Register on Novem- 
ber 2, 1967, its formal finding of dumping 
with respect to cast iron soil pipe imported 
from Poland. 


Sweden.—Although raw steel produc- 
tion stagnated in 1967, expansion of pro- 
ductive capacity continued at a pace to 
keep Sweden among the world leaders in 
use of modern equipment. 

As a result of an expansion program 
announced in March, the Grangesberg 
Co.'s, Oxelósund iron and steel works will 
become one of Europe's largest producers 
of heavy and medium plate. The company 
stated it will install two additional Kaldo 
converters and a two-strand continuous 
slab casting machine, which with ancillary 
equipment, will raise raw steel capacity to 
over 1 million tons per year and plate 
production to 600,000 tons per year. 

Grángesberg also announced it will ex- 
pand its cold rolled stainless steel sheet 
capacity at the Nyby works from 17,000 
tons per year to 40,000 tons by 1969. 

The Höganäs Company, one of the 
world's leading producers of sponge iron 
and iron powder, will construct an atom- 
ization plant at Hóganás with an annual 
capacity of 40,000 tons of iron powder. 


United Kingdom.—The second largest 
steel company in the free world was 
brought into existence with the national- 
izing of the British steel industry on July 
28, 1967. The new entity, the British 
Steel Corporation, has an ingot capacity of 
30 million net tons, second only to the 
United States Steel Corporation. The 
company is made up of the 14 largest raw 
steel producers in Great Britain, who 
represent 94 percent of the steelmaking 
capacity. The involved companies control 
145 subsidiaries as well as 47 foreign 
affiliates. The remaining 210 companies in 
the private sector are non-integrated pro- 
ducers of specialty steels. The nationaliza- 
tion cutoff point was 475,000. tons of raw 
steel capacity. For the purpose of opera- 
tions and sales, the 14 companies were 
divided on a geographic basis into the 
following four regional divisions: Midland, 
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Northern, Scottish and Northwest, and 
South Wales. 


U.S.S.R.—The Karaganda Iron and 
Steel Works, Kazakhstan, will install two 
more blast furnaces, reportedly the world’s 
largest when put into operation. An 
oxygen converter shop, plate mill, and 
continuous sheet mill will also be con- 
structed. The works will specialize in 
autobody sheets and will form the third 
steel center being set up in the eastern 
regions. 


AFRICA 


Algeria.—Construction of Algeria's first 
integrated iron and steel works was under- 
way in 1967. The ironmaking facility will 
be supplied by France, the melting shop by 
the U.S.S.R., and a hot strip mill by two 
Italian companies, Innocenti and Marelli. 
Ironmaking is scheduled to start late in 
1968, steelmaking toward the end of 1969, 
and rolling mill production in early 1971. 
Ultimate annual capacity of the strip mill 
is expected to be 150,000 tons of plates 
and 800,000 tons of sheet and light plate 
in coil. Pipemaking capacity will be 100, 
000 tons annually. 

A decree published in Algiers on May 6 
brought the importation of iron, steel, and 
other metals under national control. 
Société Nationale de Sidérurgie, the state- 
run national iron and steel company will 
now have a monopoly on the import of 
these products, which account for 5 to 
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10 percent of total imports in tonnage and 
value. With state control of imports, 
Algeria can make the placing of orders 
conditional on the exporting country tak- 
ing Algerian iron ore. 


ASIA 


Japan.— Unlike most major steelmaking 
nations, who have been emphazing pro- 
grams to modernize existing facilities, 
Japan has been emphasizing investments 
in new facilities to meet the booming 
domestic market for steel products. New 
blast furnaces and oxygen converters 
installed in 1966 and 1967 resulted in a 
remarkable 30-percent increase in raw steel 
production in 1967, and a consolidation of 
Japan’s position as the third largest steel- 
making country in the world. Expansion 
underway in 1967 will boost Japanese 
capacity past 90 million tons by 1972. 
With domestic consumption estimated at 
72 million tons, a substantial amount will 
continue to be available for export. 

Production expansion in 1967 involved 
new coastal steelmaking complexes, each 
with production capabilities of 8 to 10 
million tons. Yawata Iron & Steel Co., 
Ltd., embarked on a long term program 
to expand its Kimitsu works and convert it 
to integrated production. Sumitomo Metals 
has under construction an integrated tide- 
water steel-works at Kashima, north of 


Tokyo. 


TECHNOLOGY 


The basic oxygen steelmaking process, 
which just 10 years ago accounted for 
only 1.3 million tons of steel production, 
produced 41.5 million tons or about one- 
third of the total U.S. output in 1967. It 
represented a 22.2-percent increase over 
1966 production while total raw steel 
output dropped 5 percent. Capacity in 
the United States was estimated at 43 
million tons at the end of 1967 and is 
expected to increase to 65 million tons 
by 1970.3 

In 1967 Japan produced 65 percent of 
total raw steel by the basic oxygen proc- 
ess, West Germany 30 percent, and the 
U.S.S.R. 6 percent. Installed world ca- 
pacity at the end of 1967 was 165 million 
tons. This is expected to increase to about 


260 million tons by 1970.3 


Design parameters and operating data 
for 11 U.S. oxygen converter vessels and 
10 foreign vessels were discussed and ana- 
lyzed. Heat size ranged from 130 tons to 
335 tons; that is, from high-carbon, alloy, 
or phosphoric double-slag practice at the 
lower extreme to very fast operating prac- 
tice for low-carbon steels at the upper 
extreme. Annual capacity, bath depth, 
freeboard, shell diameter, height, inside 
volume, and various ratios were plotted 
against heat size and lines of regression 
were determined for all relationships by 


2 Stone, J. K. L-D Steelmaking At Mid-1967. 
J. of Metals, v. 19, No. 7, July 1967, pp. 10-11, 


36. 
3 Metal Bulletin (London). L-D's Inexorable 
Growth. No. 5240, Oct. 17, 1967, pp. 15, 18-21. 
Stone, J. K. World Distribution of L-D 
Basic Oxygen Steel Plants. 33/The Magazine of 
Metals Producing, v. 5, No. 10, October 1967, 
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the least-squares method. From the lines 
of regression an optimum configuration 
was determined for a 200-ton- capacity 
basic oxygen converter.* 

Steelmaking by the open hearth process 
has declined from the 1956 peak of 103 
million tons (90 percent of total produc- 
tion) to about 70.7 million tons (55 per- 
cent of total production) in 1967. A fur- 
ther decline to about 50 million tons by 
1969 and to 25 million tons by 1972 is 
predicted. Phase-out of this process, which 
has been the work horse of the industry 
for more than 20 years, is expected some- 
time between 1980 and 1990. 

Although the open hearth as a steel 
producer lost ground to the basic oxygen 
process, it still remained the major source 
of this metal in 1967, and considerable 
effort went into raising the efficiency of 
the furnace. Improvements were made in 
charging, in intense-firing burners for de- 
creasing time of melting, furnace refrac- 
tories, continuous carbon analysis, and 
control of fume from the operations. 

Another significant, although not spec- 
tacular, development in U.S. steelmaking 
has been the steady increase in electric 
arc melting capacity and its wide appli- 
cation for the production of carbon steel. 
In contrast to the earlier applications of 
the electric arc process which involved 
small furnaces used almost exclusively for 
alloy and stainless steels, furnaces, com- 
parable in size to the BOF and the open 
hearth, are now available that produce 
large tonnages of ordinary carbon steel. 
At yearend there were over 200 electric 
arc furnaces operational in the United 
States, seven of which were in the 200- 
ton capacity class. Annual capacity was 
estimated at 20 million tons, which will 
be increased to about 30 million tons 
when the 45 to 50 new furnaces under 
construction at yearend are completed. 
Most industry experts expect an accel- 
erated growth rate in the near future 
with electric furnace steel production 
about equaling BOF production in the 
1990’s. 

With the phase-out of open hearth 
furnaces and the steady rise in steel con- 
sumption, electric furnace operators are 
assured of an adequate future scrap sup- 
ply. Electric furnaces, however, are not 
restricted to 100 percent scrap charge. 
Hojalata y Lamina, S.A., (HyL) in Mon- 
terrey, Mexico, has made electric furnace 
steel since 1957 using substantial amounts 
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of sponge iron. Pilot work at The Steel 
Company of Canada, Ltd., demonstrated 
the feasibility of continuously charging 
prereduced iron-ore pellets in amounts of 
from 15 to 100 percent of the electric 
furnace charge. Preliminary economic 
studies showed that the process can pro- 
duce steel in quantities up to 2.5 million 
tons at competitive costs to that of the 
conventional blast furnace-basic oxygen 
furnace combination. Additionally, the 
process offers the possibility of continuous 
steelmaking. Work at the Albany (Oreg.) 
Metallurgy Research Center of the Fed- 
eral Bureau of Mines has shown the pro- 
duction of carbon steel by the continuous 
addition of prereduced iron ore to molten 
automobile scrap in an electric furnace 
charge appears to have certain operational 
advantages over conventional cold-melt, 
batch-charging techniques. Among these 
are: (1) lower tramp element content in 
the ingot, (2) shorter heat times and 
lower electrical energy consumption, (3) 
improved energy input rate during the 
continuous addition, and (4) flexibility 
of charge composition by varying the 
ratios of scrap to prereduced iron ore. 
Plans for commercial development of 
direct iron and steel processes in the 
United States were noted in 1967. The 
Oregon Steel Division of Gilmore Steel 
Corp., San Francisco, Calif., announced 
plans to build an integrated electric steel 
plant at Portland, Oreg., using prereduced 
pellets for raw material. Metallized pellets 
will be obtained from an adjacent plant 
being constructed by the Midland-Ross 
Corporation, Cleveland, Ohio. McWane 
Cast Iron Pipe Co., Mobile, Ala., has an 
integrated plant under construction to 
convert iron ore directly to metal. À com- 
posite charge of pellets made from iron 
ore, coal and oystershell are carbonized 
and prereduced on a traveling grate for 
smelting in a submerged-arc electric fur- 
nace. À West German firm announced 
plans to construct a new plant at George- 
town, S.C., involving an electric furnace, 
continuous casting facilities, and a rolling 
mill. Raw material will be scrap, with the 


4Stone, J. K., and E. J. Prince. Survey of 
Large L-D Furnace Configurations. Iron and 
Steel Eng., v. 44, No. 2, February 1967, pp. 


65-75. 

5 Sibakin, J. G., P. H. Hookings, and G. A. 
Roeder. Electric Arc Steelmaking With Con- 
tinuously Charged Reduced Pellets. Blast Furnace 


& Steel Plant, v. 55, No. 9, September 1967, pp. 
816-8 
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possibility of pelletized iron ore being used 
in the future. 

The first commercial spray steelmaking 
plant went into operation at the Lan- 
cashire Steel Manufacturing Co. Ltd., 
Manchester, England. This unit has a 
capacity of 50 tons per hour and was 
installed early in the year. A second in- 
stallation is presently under construction 
at Shelton Iron and Steel Co., Ltd., 
Stoke-on-Trent. This works presently has 
four casting machines with a total of 11 
strands and the product from the spray 
steelmaking process will be continuously 


cast. Others actively interested in this 
process are the United Steel Co., 
Ltd., the Millom Hematite Ore and Iron 


Co. Ltd., The Broken Hill Pty. Co. Ltd., 
New South Wales, Australia, and at least 
three U.S. steelmaking companies. Millom 
is planning to enter the steelmaking busi- 
ness with a full-scale plant and has ap- 
plied for approval and assistance from the 
Iron and Steel Board. United Steel is 
considering spray steelmaking installations 
at the Workington Iron & Steel Co. and 
at Appleby-Frodingham Steel Co. works 
at Scunthorpe. With the object of under- 
taking commercial exploitation, The Brit- 
ish Iron and Steel Research Association 
(BISRA) has established two subsidiary 
organizations to supply technical assist- 
ance and negotiate licensing agreements 
for this process. Advantages claimed for 
the spray process are the small capital 
investment needed, relatively low labor 
costs, and the possibility of a continuous 
steelmaking system. 

The growth of continuous casting ca- 
pacity in the United States has been ex- 
plosive. At the end of 1966 there was 
800,000 tons per year of capacity in- 
stalled; at the end of 1967, 1 m'llion tons; 
and by the end of 1969 there will be over 
13 million tons of billet blooms and slab 
capacity installed and operating. It is esti- 
mated that there will be 40 million tons 
of continuous casting capacity at the start 
of this process! second decade in 1972. 

Most of the continuous casting units in 
production by yearend 1967 were steel 
plants with capacities of less than 200,000 
tons per year. These companies accounted 
for 90 percent of continuous casting pro- 
duction in 1967 and, since the first com- 
mercial machine started up in 1962, have 
played a major role in pioneering and 
developing this casting revolution. The 
key reason for gambling on this innova- 
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tion has been a low-cost increase in ca- 
pacity, although the resulting layout com- 
pactnes has been important for com- 
panies with limited space. Additionally, 
continuous casting has made it easy for a 
small steelmaker to make high-quality 
products and to upgrade the product mix. 

In 1968, several large slab casters will 
jon the numerous high-capacity billet 
casters put onstream in 1967 and will 
push annual capacity to 3.5 million tons 
by yearend. With these new machines 
larger steel companies will become the 
major factors in future continuous cast- 
ing production and technology develop- 
ment. 

Although continuous casting has been 
adopted for a variety of steels, some prob- 
lems remain: | 

1. Inherent center porosity in slabs and 
billets. 

2. Longitudinal and transverse crack- 
ing. 

3. Some grades of steel cannot be bent 
as required on semilow-head and low-head 
machines. x 

4. Single-strand casting capacity ranges 
from 1/4 to 1/6 of rolling mill capacity 
on billets and 1/6 to 1/8 on slabs. 

The elimination of center porosity is 
basis for the improvement claims of 
Bohler Strand Reduction (BSR). Bohler 
Brothers Ltd. of Kapfenberg, Austria, 
patented a process for reducing the cast 
section by rolling while the center is still 
liquid to a maximum of 20 percent re- 
duction. Other advantages claimed are a 
comparative absence of segregation, sur- 
face quality comparable to that of rolled 
billets, and choice of several finished sizes 
from a single cross-section cast.? 

Two steel companies in the United 
States, The Timken Roller Bearing Co. 
and Great Lake Steel Division of National 
Steel Corp., will adapt BSR to continuous 
casting practice. 

French researchers developed rules for 
continuous casting of rimmed steels.’ 

A tabulation of installations throughout 
the world including startup date, designer, 


6 Steel Times (London). The Bohler Strand 
Reducing Process. V. 195, No. 5174, Sept. 15, 
1967, pp. 314-316. 

7 P. Rocquet, J. C. Rossi, and J. Adam 
Gironne. Comparative Quality on Flat Rolled 
Products Produced From Continuously Cast and 
Conventionally Rolled Slabs. J. Metals, v. 19, 
No. 8, August 1967, pp. 57-61. 
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number of strands, ladle capacity, and 
other data was presented.? 

President Johnson signed into law at 
the end of November the Air Quality Act 
of 1967, which will accelerate the battle 
against pollution. The new measure allo- 
cated significantly larger sums to the 
clean air struggle, but puts most of the 
burden for enforcing tougher standards 
on the States. 

Increased spending by the steel indus- 
try is aimed at cleaner air and water. 
The 1966 outlay totaled $59 million for 
air and water pollution control equip- 
ment. The industry has $652 million in- 
vested or authorized for pollution control 
and related equipment, and was one of 


Table 2.—Pig iron produced and shipped in 
the United States, in 1967, by States 


(Thousand short tons and thousand dollars) 


Shipped from 


State Produc- furnaces 
tion ` — xv —— 
Quantity Value 
Alabama 4,307 4,292 $235,408 
Illinois 6,222 6, 198 348, 627 
Indiana 12,167 12, 196 696,954 
OHIO: S z: secs 14,377 14,332 866,826 
Pennsylvania 20,541 20,593 1,152,342 
California, Colorado, 
Uta. 8 4,762 4,758 280,148 
Kentucky, Maryland, 
Texas, West 
Virginia 10,826 10,817 622,661 
Michigan, Minnesota. 7,450 7,504 413,337 
New Lor 6,148 6,130 349,398 
Total 1....... 86,799 86,819 4,965,700 


1 Data may not add exactly to totals shown due to 
independent rounding. 
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the earliest to strive for cleaner air and 
water. À breakdown of expenditures be- 
tween 1951 and 1965 shows that $210 
million was spent on water pollution con- 
trol, and $239 million for smoke, dust, 
and fume control—operating, mainte- 
nance or power costs are not included. 
As older facilities are retired and replaced 
with more modern equipment, pollution 
control devices are a regular part of the 
design.? 

8 33/ The Magazine of Metals Producing. Con- 
tinuous Casting Round Up. V. 5, No. 8, 
August 1967, pp. 75-95. 

9 Iron & Steel Engineer. Development in the 


Iron and Steel Industry During 1967. V. 45, No. 
1, January 1968, pp. D1—D80. 


Table 3.—Foreign iron ore and mangani- 
ferous iron ore consumed in manufactur- 
ing pig iron in the United States, by 
source of ore 


(Thousand short tons) 


Source 1966 1 1967 ? 

Eege, e eege 1,525 1,978 
Canada 4, 938 3,933 
Chiles 1,179 1,641 
ff A 381 236 
Venezuela 6,235 5, 298 
Other countries 1,230 1,509 
Total... nie 15,488 14,595 


1 Excludes 25,181 tons used in making agglom- 
erates. 

? Excludes 24,340 tons used in making agglom- 
erates. 


Table 4.—Pig iron shipped from blast furnaces in the United States, by grades ! 


(Thousand short tons and thousand dollars) 


1966 1967 
Grade Value Value 
Quantity — Quantity ———— 

Total Average Total Average 
per ton ? per ton 
Foundry___ hn 1,571 $87 , 471 $55.47 1,53 $87,072 $56.76 
BAS 8 82, 997 4,703,961 56.68 79,931 4,565,113 57.11 
Bessemer...................... „857 162, 473 56.87 2 844 169, 338 59. 54 
Low- phosphorou s 232 14, 076 60.67 215 13,055 60.72 
Malleable- ---------------- 2,888 166,375 57.61 1,996 113,851 57.04 
All other (not ferroalloys) 333 19,233 57.76 299 17,272 57.77 
i uina 90, 884 5,153,589 56.71 86,819 4,965,700 57.20 


1 Includes pig iron transferred directly to steel furnaces at same site. 


2 Revised. 


3 Data may not add to totals due to individual rounding. 
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Table 5.—Number of blast furnaces (including ferroalloy blast furnaces) in the United 
States, by States 


Š January 1, 1967 January 1, 1968 
tate —— Y ———  AAr—_ (⸗w —— 
In blast Out of Total In blast Out of Total 
blast blast 
Alabama 10 7 17 10 9 19 
California „ 4 4 . Q ee 4 
Colorado. ²⅛ðUß 4 — il 4 q. lv 4 
Illinois._____ coe 12 7 19 14 4 18 
Indiana. .......................- 20 8 23 22 2 24 
Kentucky o eco 8 2 1 8 2 1 3 
Maryland. .....................- 7 8 10 10 . x22 10 
Michigan R 9 O. cuc 9 
Minnesota 2 2 1 1 2 
New VO 13 16 12 3 15 
ôÜ hee ee 31 19 50 33 14 47 
Pennsylvania 40 21 61 42 19 61 
enness eee 3 K 3 3 
Texas 2 2 2 5 2 
Lë CH, SEENEN 8 OET 3 d^ 3 
Io ³˙· oe Des 1 1 2 1 1 2 
West Vireinia 2-2-2- 4 | .....- 4 4 4 
„ ous Sees os oe be a 164 68 232 173 57 230 


Source: American Iron and Steel Institute. 
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Table 7.—Steel production in the United States, by type of furnace 1 
(Thousand short tons) 
Open hearth 
Year — 
Basic Acid 
BOGS u un m ER RES 88,437 397 
T9861. EE 97,655 443 
//! ³ A000 93 , 866 327 
1966. 84,804 221 
TEE EE 70, 550 140 


Bessemer 


Basic 
oxygen 
process 


Electric 


10,920 
12,678 
13,804 
14,870 
15,089 


Total 


109,261 
127,076 
131,462 
134,101 
127,213 


) Includes only that steel for castings produced in foundries operated by companies manufacturing steel 


ingots. Omits about 2 percent of total steel production. 


2 Included with open hearth. 


Source: American Iron and Steel Institute. 


Table 8.—Metalliferous materials consumed in steel furnaces in the United States 


(Thousand short tons) 


Iron ore 


Year 


9 ĩð 0 eee Po 1,783 
EE 2,114 
)))) ae eee ese 88 1,818 
EE 1,348 
77) ĩͤ ee ee ee eee 954 


' Includes consumption of pig iron and scrap by ingot producers and iron and steel foundries. 


Domestic Foreign 


Agglom- 

erates 1 
3,995 885 
4,816 1,379 
4,400 251,061 
3,768 4 870 
2,905 5 600 


Pig 
iron 


66,188 
18,925 
81,040 
83,947 
80,404 


Ferro- 
alloys ? 


1,557 
1,819 
1,898 
1,915 
1,818 


Iron and 
steel 
scrap 


56 , 506 
64,348 
68,272 
68,778 
65,027 


? Includes ferromanganese, spiegeleisen, silicomanganese, manganese briquets, manganese metal, ferrosilicon, 


ferrochromium alloys, and ferromolybdenum. 


3 Includes 567 sinter, 386 pellets, 100 nodules, and 8 other agglomerates. (418 foreign origin.) 
4 Includes 435 sinter, 348 pellets, 86 nodules and other agglomerates. (348 foreign origin.) 
5 Includes 306 sinter, 217 pellets, 77 nodules and other agglomerates. (378 foreign origin.) 


Table 9.—Consumption of pig iron in the United States, by type of furnace 


(Thousand short tons) 


Type of furnace or equipment 


luno e CR rc 


Total... utei erue et ³W³ö A LL LU EE 


1967 
Thousand Percent 
short tons of total 

46,386 53.1 
8 .1 
33,553 98.4 
378 .4 
3,162 3.6 
147 2 
3,658 4.2 
87,371 100.0 


) Includes a small quantity of pig iron consumed in crucible furnaces, 
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Table 10.—Consumption of pig iron in the United States, by districts and States 


(Thousand short tons) 


District and State 1967 
New England: 
Connecticut EE 81 
New Hampshire... s. p suu. u e ß . dedii (1) 
Massachusetts % 48 
Reel; ⁵ « l ͥ dddddddddſddddddddddddddddddyã᷑ y eee eee sa 38 
i %f!P’i T 6 
T lc uu cre cl hes ũõũ ³ Add ⁵ĩð2Z 8 123 
Middle Atlantic: 
IN OW: Jersey os / ⅛ h (n See ewe u SS um usu oe 86 
New YORK... nr !. EEN 5,742 
%% ᷣͤ ⅛ ) ³ le ee lat oc d enc d y E 20,918 
TO LL DL f ]ð d Li E akun E 26,741 
East North Central 

Jĩõĩõĩõĩêé!⁰ ] ↄ ] ] .... ⁵ E A EENE EENAA 6,208 
J EE 12,462 
I oo hene e eie x EEN 7,877 

AT SEENEN x 13,869 
WISCONSIN z o croise dancelwec raw ce EE 215 

NN EENEG 40,131 
West North Central 
OW RIS assum c ee ee ee d ere ee ht ĩð dE seu 71 
e TT , Su usu , ñ me Sum S SS OPEP NE 6 
Illi ⁵ꝙÄ M ³ K 8 491 
JJJJJJCJJJCCVVCCVꝙ0H ͤ ß ͥͥͥã ks CE SU yd y 
JJ ĩ]⁰i:w.. ↄ ²]ĩi⁊“n ee ee ae cee te 599 
South Atlantic: 

ClAWOTO soc uu eee Sus Bae aoe ðA y y y Su tT s u Za (1) 
Maryland MEM 5,713 
///öͤ;o e ðW MER o Ä ⅛è y ]ĩð f ĩð v DN 
Lei “ “¼½¾VV¼ꝓ¼ꝓUñ¼&ꝓ])]½]... ae Susu S le aay 12 
addi dl, TEE (3) 
ell d REESEN 13 
% EE d mM ⁊ vy EES 106 
West Virginie EE 2,259 

OCA BEE 8,106 

East South Central: 

r eon . . usu E EE LE ss 8,765 

by ZS; 0d dd ͥ ͥ MESE yd ae ee 1,623 
NEE TEE EE 125 

VV EE 5,518 

West South Central: 
nee,, ß , e ß GLOES 1 
ff // ß ͥ¶dg Eet 14 
J)%%%Cööͥͥͥĩ ⁵]ð²uiu.ůů... :::; fk EC 1, 190 
/// ͥ A“Vͥ wd ³WWA.. ³˙ A ³⅛ðQQWAAA ] ⅛³A fm E 1,205 
Rocky Mountain: Colorado, Utvaa gg () 
Pacifie Coast: 
eee e ß EH 2,245 
%%% ³· iA ͥͥͥ AAſͥ ³⁰ ¹“¹wmꝛAAA K qp EQ E 12 
J ³ x scetur dE A / ³⁰ð¹äꝛ ³o.mA1Aꝛꝛꝛ ð Ee m EE 2,257 
Other States. ] ⅛”“nVn. ³ꝛ¹.. 5mm. ] Eee d mE aa A EE 2,694 


———— —— — —————À— ——— —— E 87,3871 


1 Included with other States total. 
2 Does not add exactly to total because of individual rounding 
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Table 11.—Average value of pig iron at blast furnaces in the United States, by States 
(Per short ton) 


State : 1967 

BEN TEE $54.85 
California, Colorado, Utah... ee ee eee eee eee eee 58.88 
AOL LY eo) EEN 56.25 
Indiana na oa a ere ert Se dL rs a ES u w S gus 57.15 
New EE et eee q ini a a eae ota aac nese E §7.00 
Ee Ee 60.48 
CCC o hee Scere ˙—5md ß sma uz as ees 55.96 
Other States 1. ] u hee eeng 56.55 
SEELEN 57.20 


1 Kentucky, Maryland, Michigan, Minnesota, Texas, West Virginia. 
Table 12.—Free-on-board value of steel mill products in the United States in 19661 


(Cents per pound) 

Product Carbon Alloy Stainless Average 

ie , d UI ee ee (2) 17.882 41.414 6.104 
Semifinished shapes and form 5.862 11.755 46.769 7.062 
e ß e a e a 6.823 9.684 51.877 1.933 
Sheets and striss8sʒ. „„ 7.276 16.082 45.112 8.172 
Tin mill producta. .......-..- 0.278. Eechen ¿GSSs 9.278 
Structural shapes and ning... 6.615 „ 6.615 
BON EE l SIC TER 8 8.114 14.274 65.721 9.883 
Rails and railway-track material... rr Wunicts 7.630 
Pipes and tubes 10.562 14.819 112. 535 11.881 
Wire and wire products... ggg 12.943 35.401 83.094 14.386 
Other rolled and drawn produetnn ss 11. 849 17.552 72.198 14.103 
Average total steel 7.982 18.486 55.741 9.015 


1 This table represents the weighted average value based on the quantity of each type of steel shipped; 
therefore, it reflects shifts in the distribution of the 3 classes of steel. 

2 15 to 35 percent of total shipments are included with interplant transfers. Transfers to other plant of the 
same company are included with shipments to other companies and only constitute about 10 to 25 percent for 
carbon steel, electrical sheets, strips and wire rope cable, alloy steel wire rods, and cold finished bars. 

3 Included with Plates. 


Table 13.—U.S. exports of major iron and steel products 


1966 1967 
Products Short Value Short Value 
tons (thou- tons (thou- 
sands) sands) 
Semimanufactures: . 
Ingots and other primary forms: 
Puddled bars and pilings, blocks, lump and other 
primary forms of iron or steel, n. e. 684 $332 5,880 $699 
Blooms, billets, ingots, slabs, sheet bars, and 
roughly forged pieceng. .-.-.-------------------- r 338,544 r 28,143 302,498 26,380 
Coils for rerolling. ............................-.- 42, 840 32, 940 60, 486 34, 446 
Blanks for tubes and pipes, iron or steel 1.039 182 1,458 251 
ve EE r 385,107 r 61,597 370,317 61, 726 
Bars, rods, angles, shapes and sections: 
Wire rolls... 8 12,184 2,269 7,107 1,598 
Bars, rods, and hollow-drill steel.. 72, 922 24,643 78,857 26,198 
Concrete reinforcing bars 24,219 í 21,577 2,904 
Angles, shapes, and sections r 130,206 r 22,240 113,789 18,454 
Plates and sheets: 
Steel lil... ESTEE ERRARE S 17,934 8,787 15 , 622 8,517 
Steel sheets.. 2 2 LL lll „ 165,153 45,968 140 , 347 41,905 
Black plate. 22222522 ( 8 24,611 1,982 19,854 ,89 
Iron and steel plates, n.e.c_..___...._-_-.--.-.---- 179,362 39,817 254,410 53,725 
Tinplate and terneplate_--_-.-..-------------------- 301,394 44,501 283,542 25,687 
Tinplate circles, cobbles, strip and scroll............... 12,354 1,229 15,380 1,485 
Hoop and Strid cos oso EROS ⁊ twee hess 49, 720 25,460 56,874 28,071 
I ³⅛Vi- . ð y y ote eee r 990,059 220,290 1,007,859 210,484 
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Table 13.—U.S. exports of major iron and steel products—Continued 
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1966 1967 
Products Short Value Short Value 
tons (thou- tons (thou- 
sands) sands) 
Manufactures: 
Rails and railway track construction materials: 
TF EE EE EE 80,071 34, 333 21,617 $3,211 
Joints and tie plates 9,831 ,901 8,605 1,820 
wi Sleeper and track material of iron or steel, n.e. e 3,681 1,894 2,126 1,304 
ire: 
Steel wire coated or upneogted. --------------- 4,892 8,878 4,744 4,474 
Steel wire, bare 18,605 6,140 10,995 4,191 
Galvanized wire 4,669 1,714 8,775 1,418 
Barbed wirre 1,124 305 752 237 
Fencing and fence gates of iron or steel wire 2,062 1 767 1,860 1 691 
Fencing wire, n.e.c_._....-------.--------------- 684 824 775 295 
Spring wired. ee 11,810 4,814 13,340 6,080 
Cables, ropes, bands, and slings- ................. 12,155 8, 726 12 , 858 8,585 
Tubes, pipes, and fittings: 
Cast-iron pressure pipe and fittings. ___._________- r 52,296 r 10,254 22,919 6,236 
Cast-iron soil pipe and fitting 23,844 ,630 33,026 6,325 
Steel tube and pipe fittings, unions and flanges -- 17,419 21,687 17,189 21,261 
Steel tube and pipe fittings, welded............... 12,331 19,469 13,824 20, 258 
Malleable iron tube and pipe fittings, n.e.c........- 1,463 1,307 1,623 1,625 
Electrical conduit fittings of iron or steel 11,358 8,731 10,655 8,040 
Iron tube and pipe fittings n.e.c_____-_..--------- 6,029 8,172 6,217 8,769 
Seamless tubes and pipe 213,411 84,781 188 , 802 77,165 
Welded, clinched or riveted tubes and pipe 68 , 735 29,525 70, 602 30,982 
Castings and forgings._............-.---.----.------ 71,150 50,874 91,523 58,425 
Finished structural parts and structures: 
Fabricated structural iron and steel... r 85,824 r 34,267 77,078 31,621 
Doors, door and window sash, frames, and molding 
and r ³ðᷣ a eee 2,645 2, 982 2,270 2,776 
Fabricated steel plate, including stacks and weld- 
ments eee eee ee 13 ,355 5,221 14,311 6,496 
Construction materials, n. e.eᷣ ea r 11,480 r 6,228 8,734 4,918 
Storage tanks, lined or unlined__._..----------------- 21,626 16,803 19,514 11,585 
Nails, tacks, staples and spikes: 
Track ö; ma ee ML Dee 741 217 663 199 
Nails, tacks, staples, n.e Ge 7,525 5,801 7,289 5,879 
ll. e a e na e BaS 17,650 16,314 19,948 18,122 
ET 7 EE 8 5,234 8,059 5,126 8,967 
Screws, rivets, oasherg. LL LL LLL ccc essel 13,953 20,104 14,140 21,246 
Total-.c.u t ⁵ ⁵ p ELA EEN r 769,153 * 390,217 701,400 388,201 
Advanced manufactures: 
Buildings (prefabricated and portabiei.  .......- r 5,88 7,802 
Finished structures and structural parts of iron and 
steel n.e.c______ dy t x x AE 15 897. ine 17,737 
Hardware and parts -------- 0 9,609 
Chains and partnn ... ... scs s ..... 11,922 17,458 11,884 16,742 
House heating boilerg  -------- 19,218 8 19,407 
Plumbing fixtures and fitting. 4,976 e , 663 
OOM EE EEN r 52,541 ........- 51,676 
Utensils and parts (cooking, kitchen and hospital) r 3,793 7,988 3,597 7,901 
Other hehe oui dE 67,8600 65,401 
Toal oes dd EEN r 203,659  .......... 201,988 
Grand Lota bu, u ; dd ] ⅛ ¾ cose h eb ELLA ha lid cce r 875,763  ......... 857,299 
r Revised. 


1 In addition wire cloth as follows: 1966, $8,421,845 (7,489,299 square feet): 1967, $8,818,600 (7,784,244 


square feet). 
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Table 14.—U.S. imports for consumption of pig iron, by countries 
(Short tons) 


Country 1965 1966 1967 
II! ͥͥ ⁰³¹w ͥ ͥ ⁰—ð¹ͥ—TTʃdꝑÄů̃ . 801 18,241 ........- 
Belgium-Luxembourg- -2-2-2200 000a 2,065 o 
ere , d e EC / weenie 
Canada. oo cuc ů a Ez Rr P 8 485,089 393, 593 408 , 066 
Czechoslovakia 2 67,988 
Kinland un T. d ee noe xw 66,422 64, 655 33,617 
Germany: 
Ea KEE r 82,289 104,891 49,700 
WERE LSU enr D Sab ees EE dk S S Su ME to 64,220 79,750 41,947 
e eo EE EE 68 EE 
E ha n)... at S SAM EE 8 28 
NM TEEN 22.801. ies 
Netherlands ccc. 2 eee ß 4,506 9,869 
OMAY T d o im ls de a e EE 666 ..........- 10,900 
Io diferte EE y Zh S ets 72,664 22, 400 
RümahiB-.- ꝗ ] é m! ! !!! !!. mm ß ee 32599 
South Africa, Republic o eee 12,867 133,824  ......... 
DRILL Eel ccc ͤ ³ ˙d yy d ĩ . m 8 42, 085 6002 —:R ³ 
)nõͤõĩõĩ?[ ⁵ x . ¼5. Ee 11,2089 8 1,922 
JJ cuan s eL gui eA EE 84,188 185,394  ......... 
United Kingdom. -._.______........-----_------ ee eee 6,595 7,075 
Ve TEE EENG 19,710 
Total: 
Short ei EENEG 882 ,095 1,186,739 605,234 
Value (thousands) $38,438 $45,914 $27 , 599 


z Revised. 
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Table 15.—U.S. imports for consumption of major iron and steel products 


1966 1967 
Products —  —  IOV- .<— h — 
Short tons Value Short tons Value 
(thousands) (thousands) 
Iron products: 
ast iron pipes, tubes, and fitting. 26,336 $3 , 963 20,183 $3,593 
Malleable cast-iron fittings. --........ l.l. c... 3,779 1,636 7,124 2,768 
Bars of wrought iron. ... 2.2 L2 2 lll l.l 484 138 806 93 
Castings and forgings.........................- 5,858 2,039 6,839 2,658 
Ke EE 36,452 7,116 94,452 9.107 
Iron or steel Products: 

ects blooms, billets, slabs and sheet bars 218,861 35,153 367,954 31,298 

ars: 
Concrete reinforcement bars. ...... 2... ...- r 673,424 49,488 567,026 42, 008 
Solid and hollow, n. e. .G eee 586, 505 67, 691 650, 125 75,609 
Hollow drill steel 5,400 2,032 5,014 1,953 

Plates and sheets: 

Black plate: <2. 023 gcc ee cio ESL ee 9,327 851 9,887 1,001 
Steelplate. eee eee 948,761 86,875 1,022,939 95,145 
Steel sheets 3, 620, 636 379,374 4,212, 528 437, 829 
Plates and sheets of iron or steel 3,150 986 2, 668 684 
Plates, shects and strip of iron or steel 19,568 3,831 11,558 3,030 
Strip of iron or steel 59, 633 23, 236 67, 591 23,112 
Tinplate and teroenlate -2-2-2-2 ---------- 125,080 22,097 156,351 27,112 
Structural iron and eteel aana 86,043 19,376 119,564 27, 682 
Angles, shapes and sections 1,354,450 122,045 1,030,169 94,346 
Wire rods of steel 1,150,309 108,022 1,076,472 101,865 
Sheet ill 88 40, 596 4,079 29, 669 3,050 
Pipes, tubes and fitting 1,088, 433 162,415 1,098,157 174, 036 
Rails for ral was. sete 19,495 1,873 18,208 1,607 
Rail braces, tie plates and joint bars 856 117 2,048 246 
aes saw plates. ee () 1,370 (1) 1,327 

ire: 
Barbed irre sos AUS auae 76,501 9,806 69,387 9,392 
Round wee co E Leer 434,897 82,156 432,340 83,046 
ENEE 15,637 7,441 16,731 7,882 
Rope and strand- ------------------------- 80,720 23, 443 94,369 21,634 
Galvanized wire fencing and fencing wire..... 52,990 7,861 56,873 8,598 
Wire used in card dothing NA 342 -NA 319 
Bale ties of iron or steel 25,006 8,278 16,247 2,138 
EE 289,161 43,134 229,845 37,411 
Steel castings and forgings__.._.. 21,554 5,358 48,533 13,866 
POC EE r 11,006,993 1,273,720 11,411,753 1,333,221 


Advanced manufactures: 


Bolts, nuts, rivets, and washers 108,259 36, 695 127,398 43,664 
Chains and part?tzd 2L L2 2.222222 lll 21,008 12,717 19,765 12,090 
OTO WE v. Sw Eu 17,880 .......... 20,342 
TOO EE 25,058. . lone 36, 523 
e ß ß AM he Cue sie ah da 5458: ER 9,530 

114ö;*ku ³˙O.. idem ] ꝛ¹ m = ne AES. E 98108 zs 122,149 

Gade ß 8 1,879,614 1, 464, 477 


r Revised. NA Not available. 
1 Saws reported in number, 1966: 157,990; 1967: 321,425. 
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Table 16.—World production of pig iron (including ferroalloys), by countries 1 2 


North America: 
Canada. steel tu EE 2 


Mexico (includes sponge iron) 
United States 


South America: 


Argentina 


(Thousand short tons) 


Brazil. ee 8 
Chile — o 8 


Luxembourg 
Netherlands 


Switzerland 
5 


South 


Asi 


U.S.S.R. 
United Kingdom 
Yugoslavia 
Africa: 
Rhodesia, Southern 
Africa, Republic of... 
United Arab Republic 
a: 


China, mainland e 


Bulgaria. 


C1!.ö.˙ù¹Umnĩ]ĩ⁵V y ee Qu S 


ll ³ĩðV8—W 8 


Oceania: Australia 


Total 1 ? 


e Estimate. 


7 Total is of listed figures; no undisclosed data included. 


p Preliminary. 


r Revised. 


1968 


6,059 
r 1,134 
13,853 


6 
406 
r 15,770 


18, 700 
7,431 
22,925 
r 1,278 
r 9 


60 
434 
4,118 


r 310,286 


1964 


r 6,717 
r 1,291 
87 , 922 


666 
2,937 
494 
226 


19,800 
7,425 
26,951 


68 
442 
r 4,463 


r 350,011 


NA Not available. 
! Pig iron is also produced in the Congo (Kinshasa), but quantity produced is believed to be negligible. 
2 Compiled mostly from data available May 1968. 
3 Excluding ferroalloys. 
4 Excluding electric furnace and aluminothermic ferroalloys. 
5 U.S.S.R. in Asia included with U.S.S.R. in Europe. 
6 Includes foundry iron. 


1965 


r 1,325 
91,016 


1,085 
r 17,379 


2,577 
29,751 


r 369,374 * 382,500 


r 1,595 
94,000 


r 1,030 


15,400 
7,665 
45,239 


391,377 
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Table 17.—World production of steel ingots and castings, by countries ! 


(Thousand short tons) 


Country 1963 1964 1965 1966 1967 v 
North America 
Eeer r 8,197 r 9,128 r 19, 068 10,0038 9,694 
MONC0s 6c jen f w P! 2,247 2,593 „743 r 8,046 3,332 
United States 22: 109, 261 127, 076 131 462 134,101 127, 213 
South America: 
Argentina. eet ens See . .. ET 1,006 r 1,394 r 1,508 r 1,397 1,462 
BFAZI. 0A cz kr 8 r 8,158 r 3,369 r 3,333 e 4,210 e 4,130 
LR TEE 574 644 526 r 636 703 
Colombia. Z T he ce oe ee eee ees 245 254 267 289 278 
OMe oa oe See tubes AR 84 90 104 r 88 87 
, a a 8 15 14 r 11 14 
Venezuela... 401 485 r 689 r 592 775 
Europe: 
AUSLHE Ln A eke soks 3,249 3,521 8,551 3,520 8,332 
Beles os ose yuy SSS uQ usos 8,298 9,624 10,107 9,829 10,621 
Bug 22202-8262] 9mÀcfee 508 524 648 772 1,366 
Czechoslovakia... --.---------------- 8,37 9,234 9,478 10,062 e 10,800 
Denmark... . ꝛ A a 96 437 454 446 
Ff ³⅛·W¹m. ĩðͤ 340 409 400 440 434 
FI.. ĩð2L ⁰ crs cians 19,214 21, 501 21,319 21, 589 21, 688 
Germany: 
VT eect oD ys 4,512 4,751 4,813 r 5,006 e 5,180 
Weest ee 34,830 41,159 40,588 38,929 40, 503 
GIeecg. WW. eee seus 2: 281 231 231 176 
EE EEN 2,617 2,607 2,778 2,919 3,019 
Ireland z uuu ³ĩð—ĩ0 eee eu 22 
/V́ꝙ%ySꝙ0%G0%000ã05:00 eebe 11,196 10,795 18 ,978 15,034 17,516 
Luxembourg 4,445 5,025 5,054 4,839 4,989 
Netherlands 2, 582 2,924 3,468 3,612 3,758 
Ët AE 597 677 745 r 805 e 872 
Poland. odo nme rien misses 8,823 9,450 10,018 10,858 11,520 
Portúgal e Q onu ocr riu I 25 r 245 265 289 r 333 
Rumania... 8 2,981 3,350 3,777 4,045 4,505 
SDAIN See ee 8 2,747 3,472 3, 876 r 4, 296 5, 064 
f es ene aae 4,300 r 4,899 5,208 5,251 5,256 
eh ENT WEE 355 380 380 472 489 
Oo 3 E ee e E r 88,434 r 93,744 100, 333 r106,822 112, 656 
United Kingdom. ..................... 25,222 29,378 30,252 27, 6,7 
Yugoslavia- -------------------------- 1,750 1,849 1,950 2,058 2,019 
Africa: 
Rhodesia, Southern 93 141 143 143 NA 
South Africa, Republic oz 3,124 3,463 3,630 3,643 4,111 
"m United Arab "Republic EE 217 194 197 e 200 NA 
a: 
China, mainland e ------------ 13,200 15,400 16,500 17,600 12,100 
D ⁵³¾ͤAĩA ee ee 6,581 6,554 7,129 7,198 7,040 
JADA eM J 84,724 43,871 45,372 52,673 68,513 
Korea: 
EN d EE 1,127 r 1,248 1,356 e 1,435 1,598 
SOULD o ³ . ꝗ rn ee bd er 179 r 184 r 209 r 287 363 
KC EEN 303 331 485 331 e 330 
Eeer 428 536 734 1,035 1,164 
Oceania: Australia 5,129 r 5,563 r 6,021 6,493 6,931 
rr iecsesmceR xe xS r 426,554 * 482,761 r 506, 207 * 524,693 543,080 
e Estimate. P Preliminary. r Revised. NA Not available. 


1 Compiled mostly from data available May 1968. 


2 Data from Amencan Iron and Steel Institute. Excludes production of castings by companies that do not 
produce steel ing 


.R. in Asia included with U. S. S. R. in Europe. 
4 Total is of listed figures only; no undisclosed data included. 


Digitized by Google 


Iron and Steel Scrap 


By John W. Thatcher 


The iron and steel scrap industry ex- 
perienced a disappointing year as demand 
by steel producers and iron foundries fell 
below the high levels of the previous 2 
years. Demand improved toward yearend 
as steel production rose to meet hedge 
buying against a possible steel strike in 
1968. The improvement, however, was not 
enough to prevent a 7-percent decrease in 
scrap consumption and a 10-percent de- 
crease in receipts of purchased scrap. Low 
prices throughout most of the year, re- 
flecting the lack of interest in merchant 
scrap, improved toward yearend. The 
United States continued as a net exporter 
of scrap since the domestic situation, 
coupled with high steel production in 
Japan and some European countries, en- 
couraged exports and inhibited imports. 

The processing revolution in the scrap 
industry continued in 1967 as the installa- 


tion of new fragmentizers moved eastward. 
The total, advertised capacity of shredders 
in operation at yearend, about equaling 
the aggregate tonnage of cars junked in 
1967, points to the magnitude of this re- 
volution. Supershredders went into opera- 
tion in Cleveland, Ohio, Detroit, Mich., 
Philadelphia, Pa., and Everett, Mass., 
bringing to 16 the number of these plants 
in the United States. The installation of 
33 small- and medium-sized shredders gave 
a grand total of 68 shredders of all sizes 
in the United States, 13 in the East, eight 
in the South, 28 in the Midwest, 14 in 
the Southwest, and seven on the Pacific 
Coast. Total capacity was estimated at 6 
million tons of scrap annually. 


1 Commodity specialist, Division of Mineral 


Studies. 


Table 1.—Salient iron and steel scrap, and pig iron statistics in the United States 


(Thousand short tons) 


1966 1967 

Stocks Dec. 31: 
Scrap at consumer pDlants 22 2L LLL LL LLL LLL LLL L2 cll llc 2e 2 lll ll lll r 8,188 7,793 
Pig iron at consumer and supplier plants.. s r 2, 968 2, 842 
Tolke ũ ũ LM EL p d Eu y ree OE LOS aE r 11,156 10, 635 

Consumption: 

S CIR RI NRI ee 91,583 85,361 
PIP WON EE 91,770 87,371 
Imports for consumption, scrap (including tinplate sera! .------------2-------- 407 229 
Exports, iron and steel sera 5,774 7,504 
Price: Scrap, No. 1 heavy-melting, Pittsburgh, average—per long ton Iii. $30.48 $26.63 
Value: Scrap, all grades, for export $33.45 $36.61 


t Revised. 
1 Iron Age. 


? As computed from export data obtained from the Bureau of the Census. 
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Legislation and Government Programs. 
—Public Law 90-45 extended the suspen- 
sion of duties on the imports of scrap 
metal for 1 year beginning July 1, 1967. 

Early in the year, the Bureau of Mines 
published the results of a nationwide study 
of the junk car problem. Entitled Auto- 
mobile Disposal, a National Problem,” 
case studies were presented of factors in- 
fluencing the accumulation of automobile 
scrap in 54 sample districts representative 
of urban, suburban, and rural conditions 
in various parts of the United States. Other 
relevant Bureau publications issued during 
the year were Information Circular 8344, 
“Tron and Steel Scrap in the Intermoun- 
tain and Northwestern Plains States’: 
Information Circular 8342, “Iron and 
Steel Scrap Survey in Illinois, Indiana, 
Iowa, Michigan, Minnesota, and Wiscon- 
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sin“; and Information Circular 8329, 
“Iron and Steel Scrap in the Southeast.” 

In 1966, the Business and Defense 
Services Administration of the U.S. De- 
partment of Commerce published Iron 
and Steel Scrap Consumption Problems,” 
an analysis of the technical and economic 
factors governing scrap usage in ironmak- 
ing and steelmaking. The report em- 
phasizes the problems of limited accept- 
ability of No. 2 bundles includes 
recommendations for increasing scrap con- 
sumption, and projects scrap usage to the 
years 1970 and 1975. In March 1967, the 
same agency published “Motor Vehicle 
Abandonment in U.S. Urban Areas,” a 
discussion of the cause and possible solu- 
tions to the problem of junk car accumula- 
tion in metropolitan areas. 


AVAILABLE SUPPLY 


During 1967, a net supply of 85 million 
short tons of iron and steel scrap was 
available to consumer plants, a decrease of 
8 percent from the previous year. Produc- 
tion of home scrap decreased 6 percent 
and receipts from dealers and other 
sources decreased 10 percent, both factors 


reflecting the 5-percent decrease in steel 
production for the year. The portion of 
available new supply made up by home 
scrap increased from 60 percent in 1966 
to 62 percent in 1967, continuing a trend 
begun over a decade ago. 


CONSUMPTION 


The effect on scrap consumption of in- 
creased, basic-oxygen steelmaking became 
noticeable in 1967, as the proportion of 
scrap used in steelmaking furnaces de- 
creased from 45.1 percent to 44.7 percent. 
This small decrease represented about 
600,000 tons of scrap replaced by pig 
iron due to changing steelmaking tech- 
nology. This effect 1s expected to be more 
pronounced in 1968 as steel production 
from the basic-oxygen process approaches 
that for the open hearth. The scrap pro- 
portion of the total metallics charged to 
ironmaking and ferroalloy furnaces re- 


mained at the 1966 level, 74.4 percent. 

Following the fortunes of the steel in- 
dustry, total consumption of iron and steel 
scrap decreased in 1967, reversing the up- 
ward trend of the previous 3 years. Scrap 
consumption dropped 6.2 million tons, or 
7 percent, while pig iron consumption 
dropped 4.4 million tons, or 5 percent. 
The proportion of scrap in the total 
metallics charged to ironmaking, steel- 
making, and ferroalloy furnaces decreased 
from 49.9 percent in 1966 to 49.4 percent 
in 1967. 


STOCKS 


Total iron and steel scrap stocks held 
by consumers on December 31, 1967, were 
5 percent below the quantity held on the 


same date in 1966, and equaled a 33-day 


supply at an average daily consumption 
rate of 234,508 tons. 
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Figure 1.—Metallics consumed Total iron and steel scrap plus pig iron; Steelmaking 
metallics Total iron and steel scrap plus pig iron consumed in steelmaking furnaces; 
Steel production (AISI); Receipts of purchased scrap by consumers. 


PRICES 


The average composite price of No. 1 sumers' demand during most of the year. 
heavy melting scrap fell to $27.62, the The monthly composite price ranged from 
lowest price recorded for this bellwether $26.50 in May and June to $29.84 in 
grade since 1950, demonstrating the im- December, when steel mills began operat- 
balance between dealers’ supply and con- ing at a high level to meet hedge buying. 
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The composite price for No. 2 bundles 
averaged $20.42 per long ton, a drop of 
$1.38 from 1966 and the lowest price since 
1963. The monthly composite price climbed 
from a low of $19.73 in May to a high of 
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$22 in December. 

The average value of export increased 
$3.16 per long ton above that for 1966, 
mainly owing to an increase in exports of 
No. 1 and No. 2 heavy melting steel scrap. 


FOREIGN TRADE 


A near record high export to Japan 
compensated for a drop in exports to 
Canada and other countries and was the 
major factor in establishing the fourth 
highest scrap export total in U.S. history. 
Exports in 1967 were exceeded only by 
those in 1960, 1961, and 1964. Exports to 
the European Coal and Steel Community 
(ECSC) countries showed a net decrease 
as did those to countries in North and 
South America. No exports were reported 
to Yugoslavia, which imported 100,749 
tons from the United States in 1966. Ex- 
ports to Taiwan decreased again in 1967, 
continuing a 3-year trend. Tonnage and 
value of exports exceeded imports by 7.4 
million tons and $242.7 million, respec- 
tively. 


Relative to imports, noteworthy features 
in 1967 were a return of total tonnage to 
the level maintained prior to the 1966 
record year, and a shift in sources for 
smaller tonnages of scrap imports. Imports 
from Canada decreased 46 percent, but 
still made up 94 percent of the total. 
Rumania supplied most of the remaining 
tonnage, the first time in more than 10 
years that imports have been reported from 
that country. Imports from ECSC 
countries were lower as the scrap demand 
of the Community steel industries in- 
creased. Steel production in the United 
Kingdom decreased making more scrap 
available for export. 


WORLD REVIEW 


Belgium.—The Belgian Government 
asked the High Authority of the ECSC to 
be allowed to grant financial aid to scrap 
yards that are threatened by imports from 
nonmember countries. The Government 
claimed that, if not remedied, the situation 
may lead to unemployment for about 1,000 
workers in the scrap industry. Permission 
to impose a tax on imported scrap was also 
requested from the High Authority. 

A new company, Société Belge des 
Réalisations Métallurgiques Bérémet, in- 
cluded Swiss, British, French, and Luxem- 
bourg interests and was established to 
process scrap for blast furnace use. 

France.—Steel production remained at 
about the 1966 level. However, purchased 
scrap decreased to 4,349,000 tons, a 3- 


year low. | 
Germany. West.—The steel industry 
consumed 17,437,000 tons of scrap in 


making 40,504,000 tons of steel. The in- 
creases in these quantities over those for 
1966, 3 and 4 percent, respectively, in- 
dicated that although scrap consumption 
was higher, the scrap to pig iron ratio 
declined. Purchased scrap increased 10 per- 


cent to 10,119,000 tons, owing mainly to 
a 477,000-ton increase in scrap imports 
over the 739,000 tons imported in 1966. 

United Kingdom.—Changes in the 
structure of the scrap processing industry 
were noted as more efficient means of 
scrap collecting, processing, and distribu- 
tion were sought to maintain the competi- 
tive position of the steelmaking indusiry 
in the world market. Two trends were ap- 
parent. The first was the introduction of 
large fragmentizing units with accompany- 
ing mergers and partnerships of smaller 
merchants. The second was a greater 
swing toward “on site" processing where 
scrap merchants tie themselves to specific 
steel plants. 

The United Kingdom’s first car frag- 
mentizer, installed by Fragmentation 
Heckett-Birds Ltd. at St. Helens, Lan- 
cashire, began limited production in 
September. In preliminary tests, cars were 
fragmentized at an average rate of 15 
seconds each. Full production is expected 
to be 2,000 tons of scrap per week. The 
first large-scale shredder system Im the 
United Kingdom, erected by Proler Cohen 


IRON AND STEEL SCRAP 


Ltd. at Willesden, was due to start full- 
scale operation by yearend. Additionally, 
the sale of two small-scale shredders in 
the United Kingdom brought to a total of 
four the fragmentizers that were either 
operational or under construction in 1967. 

Described as one of the world’s most 
modern scrap processing and handling 
plants inside a steelworks, Scrap Proce:sors 
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Ltd. new facility at the Spencer works of 
Richard Thomas and Baldwins Limited 
was officially opened in October. The $3 
million plant, which is designed to process 
up to 100,000 tons of scrap per year for 
the Spencer BOF shop, consists of two 
shears, a baler, and equipment to load 
120-ton-capacity charging boxes. 


TECHNOLOGY 


Interest generated by the President in 
1965 when action on wastes, particularly 
discarded automobiles, was announced, fol- 
lowed by Federal legislation to provide 
research funds, began to show results in 
1967. Increased activity took place in both 
the private and Government sectors to 
find ways for better utilization of iron and 
steel scrap as a secondary raw material, 
and eliminate the accumulations of junked 
vehicles. The scrap industry in general 
gave indications of turning more to tech- 
nology for help in solving the problems of 
preparing the ferrous materials for max- 
imum utilization by the steel makers. 

The Institute of Scrap Iron and Steel 
announced the formation of the Scrap 
Research Foundation. One area mentioned 
previously by the organization for re- 
search was the possibility of using chem- 
istry to improve scrap processing. 

The American Foundrymen's Society 
moved to study scrap specifications, 
establish the maximum quantities of ac- 
ceptable impurities, and increase and ac- 
celerate use of auto scrap. 

The steel industry demonstrated that 
scrap usage in the BOF operations could 
be increased by the use of addition agents 
or by preheating the scrap. 

A unique system for fragmentizing iron 
and steel scrap was patented which was 
particularly directed to automobile body 
disposal. The fully integrated system con- 
sists of the following demountable and 
portable units: (1) a combination flat- 
tener and hydraulic shear, (2) a cleaner- 
compactor, and (3) a permanent magnet 
separator. Scrap which has been flattened 
and sheared by the first unit is fed to the 
cleaner-compactor which works and cleans 
the scrap nuggets by a cylindrical gear 
array rotating inside of a drum. The fer- 
rous scrap is then magnetically separated 
from dirt and nonferrous scrap. Advan- 
tages claimed by the manufacturer include 


a product density variable from 70 to 120 
pounds per cubic foot, unusually low cop- 
per content, and long operating periods 
with few maintenance problems. 

Two modifications of BOF practice, the 
use of an exothermic addition compound 
and the preheating of scrap, promise to 
raise the percentage of scrap in the furnace 
charge. Pittsburgh Steel Company has pro- 
duced more than 1,200 BOF heats, using 
either 40 or 51 percent scrap in the 
charge, by addition of calcium carbide to 
the furnace. Disadvantages noted for this 
method included increased consumption of 
fluorspar and oxygen, limited range of 
steels produced, and decreased life of the 
furnace lining. 

Preheating scrap to increase its use 
in the BOF appeared more promising than 
the use of calcium carbide. Scrap pre- 
heating has been routine for about 3 
years at International Harvester Co., Wis- 
consin Steel Works Division, Chicago. The 
amount of preheating has varied with 
scrap prices, but has averaged 67 percent 
of all heats (capability is 80 percent), and 
has increased scrap usage about 6 per- 
cent. No refractory damage has been found 
that could be attributed solely to pre- 
heating. 

Preheating scrap began in October in 
the BOF shop of the Pittsburgh Steel Co., 
Monessen, Pa., using an oxygen-fuel oil 
burner rather than an oxygen-natural gas 
burner. For low-carbon heats, the scrap 
portion was raised to 40 percent, an in- 
crease of 8 percent over standard practice. 
In some cases, a 50-percent scrap charge 
was used. In addition to cutting costs, 
scrap preheating resulted in less depend- 


2 Eidal, Roy M. (assigned to Southwest Fac- 
tories, Inc., Oklahoma City Okla.). Automobile 
Body Disposal Apparatus. U.S. Pat. 3,356,016, 
Dec. 5, 1967. 
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ence on hot metal and, hence, more flexi- 
bility of operation. 

The frequent melts that are possible 
with modern, more efficient steel furnaces 
has required the development oí bigger. 
more maneuverable charging machines for 
rapid recharging operations, such as the 
giant scrap-charging machine built for the 
Bethlehem, Pa., plant of the Bethlehem 
Steel Corp. The machine has its own car 
drive, two sets of controls, and two boxes 
with 2,000-cubic-foot capacity for charging 
basic-oxygen furnaces. 

The first Tezuka, electric-furnace, scrap- 
compacting press to be installed in the 
United States went into operation at 
Southwest Steel Rolling Mills, Inc., Los 
Angeles, Calif. The press produces a 20- 
ton bale, that is custom-designed to con- 
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form to the interior configuration of the 
furnace and, therefore, provides a com- 
plete charge that eliminates backcharging. 
In addition to increasing production from 
20 to 30 percent, the following benefits 
are also claimed: (1) power costs are 
reduced about 10 percent, (2) electrode 
breakage is eliminated, and (3) refractory 
wear is reduced from 20 to 50 percent. 

Bureau of Mines research on various 
phases of the ferrous scrap problem was 
in progress throughout the year at several 
Bureau research centers. The experimental 
plant to demonstrate the use of automobile 
scrap for conversion of nonmagnetic iron 
ore to an acceptable type for upgrading 
moved nearer completion. Additional 
facilities for the project were constructed 
during the year in Minnesota. 
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Table 2.—Iron and steel scrap supply ! available for consumption in 1967, by districts 
and States 


(Thousand short tons) 


Receipts New 
Home from Total supply 
District and State production dealers new Shipments? available 
and all supply for con- 
others sumption 
New England: 
Connecticut... LLL LLL LLL eee 94 90 184 7 171 
Maine and New Hampshire... ............... 6 9 SNE 15 
Massachusetts 89 103 192 5 187 
Rhode Island. qqq 52 62 114 3 111 
Vermont.. 10 16 26 e 26 
TOUS RE 251 280 531 15 516 
Middle Atlantic: I 7 
New ers tet este sets 207 523 730 17 713 
New Üĩ⁊¹ͥ ee eee a eee 2, 604 1, 604 4, 208 77 4,131 
Pennsylvania____-__...--.----.------------- 11,864 6,618 18,482 1,780 16,702 
o ee Se fud 14,675 8,745 23,420 1,874 21,546 
East North Central: = oo " 
Ilinols....:.--22m20 DDR Ecc ume es 4,501 4,296 8,797 381 8,416 
I Dec e Secs, oe 7,161 3,005 10,166 871 9,295 
Michigan... 8 4,334 3,837 8,171 148 8,023 
Ohio o eru eoru vw re eL LL a 8,522 6,384 14,906 940 13,966 
WISCONSIN ecc cu ee oe dew ee 585 522 1,107 86 1,021 
% dod eee m ur- Z sasi 25,103 18,044 43,147 2,426 40,721 
West North Central: m | 
OWA ioe t t EL yQ ee 8 242 411 653 5 648 
Kansas and Nebraska 54 105 159 1 158 
Minnesota... . l... . ...-.-.-..-...... 229 239 468 14 454 
Missouri 272 688 960 20 940 
Totül. 2222259202 m ²³˙ -N A pano 797 1. 443 2,240 40 2,200 
South Atlantic: I 
Delaware and Maryland... ._--------------- 2,751 464 3,215 264 2,951 
Rlorida cuya u ⅛¾ TTT... Edo ees ae 14 121 13558 135 
GeOrgim ³ engl es y 8 117 386 453 2 451 
North Carolnsg 2... ...-- 39 158 117771 Soy 197 
South Carolina „ 15 32 AT. buius 47 
Virginia u ua a er LE IL 172 386 558 9 549 
West Virginia 843 1,014 1,857 1 1,856 
Totali. nutu, ue s za as u um eee 3,951 2,511 6,462 276 6,186 
East South Central: = E | 
Algae ·¹i¹Aſ ⁰ͤTA come 1,932 1,558 3,490 282 3,258 
Kentucky and Mississippi 816 786 1, 602 78 1. 524 
Tennessee 8 176 213 389 10 379 
J/õö.§˙ßð ð y x 2, 924 2, 557 5,481 320 5,161 


West South Central: 


Arkansas and Louisiana. ...................- 22 38 60 2 58 
Oklahomáa.....-...-.--2..--..- 2 54 169 223 2 221 
JJC ³˙Ü¹oꝛL¹dAͥP ⅛ð«2j y 1, 552 1,408 2,960 172 2,788 

MOUS EE 1,628 1,615 8,243 176 8,067 


====rshWrmxWwm sv Ts ====sstqvr 


Rocky Mountain: 


Arizona, Colorado, Montana, Nevada, Utah... 1,262 546 1,808 60 1,748 
Pacific Coast: 

California and Hawaii 1,555 1,632 3,187 133 9,054 
Oregon EE 43 177 220 5 215 
Washington...) eer .d SC 123 434 557 5 562 

J.. te eee 1,721 2,243 3,964 143 3,821 

— PK =o YF s x n s 

lll ee ates 52,312 37,984 90,296 5,330 84,966 


1 New supply available for consumption is a net figure computed by adding home production to receipts from 
dealers and all others and deducting scrap shipped, transferred or otherwise disposed of during the year. The 
plus or minus difference in stock levels at the beginning and end of year is not taken into consideration. 

? Include scrap shipped, transferred or otherwise disposed of during the year. 
3 Detail may not add to totals due to individual rounding. 
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by type of consumer and type of furnace or equipment 


(Thousand short tons) 


Table 3.—Consumption of iron and steel scrap and pig iron in the United States in 1967, 


Type of consumer 


Type of furnace or equipment 


Scrap Pig iron ! Total 
Manufacturers of steel ingots and castings: 2 

Open-hearth. 2 eee eee 5 32, 442 46, 305 78,747 
Basic oxygen eonverte . 18,932 33,553 47,485 
JX ³˙à! ⁰⁰⁰⁰ ¼˙m . UE ĩ⅛ð k ß 79 79 
Elecetrie c.. ent oer GGͥõͤ¾i PNE 14,965 285 15,250 
Total steelmaking furnace s EE 61,339 80,222 141,561 
Cupol ˙ .f ſſſ en aac ratte 8 1,049 220 1,269 

A ]˙;VAſſſſ ³ĩðVWAA ]ð«2 pap E e ek deed e 50 15 65 
HlaBU5. o ß 8 . . 4,724 cA 4,724 
Dureet castings: v o lu, EE ͥ⁰ d ee AD LEE Ti a 2 2,987 2,987 
Miscellaneous JC T 18 —8 18 
TOU ²˙³ẽ odd, ⁵ ⅛ -A A ðͤ x pe quadr Eier 67, 180 83,444 150, 624 

Manufacturers of steel eating? ZZ OO 

/ ↄ⁰¹“UVU. n u Sus L erte det kas 601 81 682 
Bessenmeſee 88 5 5 R 5 
Electric. e J 8 2, 364 39 2,403 
Total steelmaking furnace 2,970 120 3,090 
P ³o·WIA(wüſͤ AA 8 V 424 14 438 

i 30 105 


PR eas a go oh t eB et es aay y ee S ie Br Lot td 75 


Iron foundries and miscellaneous users: 


Eeer 36 8 44 
Fee y eee oe 88é 682 54 736 

Total steelmaking furnaces- ............. 22. L2 lll .L22 ll lll lll 718 62 780 
Cupola............- 222 MEN .--- 12,404 2,928 15,332 
AUR rcm dlc e eot A EE a saya ANLE Sta SE ML EE 975 102 1,077 
Direct GHStInfa e do oie EE EE dee, Rei LIS 671 671 
EEN SIL: 2226. 511 
Miscellaneous. un l UL USD tex xe desse u ELE S 104 _  . 104 

J œdU ] ] ] ⁵ sum yuyu SLO 14,712 3,763 18,475 

Total: 

, ß e Seti aS eL CLE 33, 043 46, 386 79, 429 
Basic oxygen converters .. 13,932 33,553 41,485 
I! ĩ²!¹ ꝗ Mm“m“,“n,ê“n/‚, i cte ciet 41 87 128 
Feel; ³»ðw¹wüü ĩð v ĩ Se JJ z eee a Sami ees 18,011 378 18, 389 

Total steelmaking furnaces. ____._..-.-----.-----.-----------. 65,027 80, 404 145, 431 
c ees a aie Ludus 13,877 3,162 17,039 
JT i cre a N E E 1. 100 147 1. 247 
Plist "Em 4,124 5. 4,724 
Direct Castings Eeer cendi us a be me is E eno 3,658 3,658 
Fr eee ce bod Sed E y a III 511 
MiscellaBeoUg. cl Ä ee ½é.! ũ t dE ut eee 0000 122 

II. ͥÜ ]˙¹·ůldfdd 85, 361 87, 371 172,732 


! Includes molten metal. ; . 
2 Includes only those castings made by companies producing steel ingots. 


3 Includes scrap and pig iron processed in metallurgical blast cupolas and used in oxygen converters. 
Includes small quantities of scrap and pig iron consumed in crucible furnaces and vacuum melting. 


$ Includes consumption in all blast furnaces producing pig iron. 
* Excludes companies that produce both steel ingots and steel castings. 
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Table 4.—Proportion of iron and steel scrap and pig iron used in furnaces in the 
United States 


(Percent) 
| 1966 1967 
Type of furnace —— 
Serap Pig iron Scrap Pig iron 
Open-hearth. ......... 2.22. ll ll lll. lll lll clc. 41.5 58.5 41.6 58.4 
Baaic-oxygen converter....-.....-.-....-------_--_.. 29.0 71.0 29.3 70.7 
Bee mess eck ele wee ee es 17.2 82.8 32.0 68.0 
MË d LEE 98.4 1.6 97.9 2.1 
) ie do ST ee eee ae 80.6 19.4 81.4 18.6 
WEE 90.4 9.6 88.2 11.8 


1 Includes crucible furnaces and vacuum melting. 


Table 5.—Consumption of iron and steel scrap and pig iron in the United States in 
1967, by districts and States 


(Thousand short tons) 


District and State Scrap Pig iron Total 
New England: 
Conn 179 31 210 
Maine and N. H..... 15 2 17 
Mass 197 48 245 
) ` e GENEE 110 38 148 
Mi EE 26 6 32 
e x 527 125 652 
Middle Atlantic: i 
N: WEE 720 86 806 
V 4,091 5,742 9,834 
T a ic 8 16,809 20,913 37,722 
Total............. 21,620 26,741 48,362 
East North Central: i 
1TJ7§;— 8,395 6,208 14, 603 
Ind oa K 9,239 12,462 21,701 
Michio cose Ges 8,031 7,377 15,408 
Oh ioo 14,055 13,869 27,924 
WS ee ad uae ee 1,017 215 1,232 
Total............. 40,737 40,131 80,868 
West North Central: — mE i 
o Wa 663 71 734 
Kan 123 6 129 
ET 8 448 491 939 
MO. Ree 1,051 31 1,082 
Nebr 38 38 
Total............. 2,323 599 2,922 


District and State Scrap Pig iron Total 


South Atlantie: 


Del. and Md 3,087 5,801 8,888 
JV 132 135 
CCC 455 12 467 
IN D GENEE 203 34 237 
"S EEN 52 13 65 
11 eats 553 106 659 
W; Vasc 8 1,783 2,259 4,042 
Totals. nocet 6,265 8,228 14,493 
East South Central: m D 
JT 3,247 3,765 7,012 
Ky and Mises 1,570 1,623 3,193 
Tenn____. ͤ eek 878 125 503 
Total... ----- 5,195 5,513 10,708 

West South Central: I 
Arkan Ñ EEN 57 1 58 
OkÍIS nS 227 14 241 
DOK Soot cc ah Se 2,866 1,190 4,056 
Total... 3,150 1,205 4,355 
Rocky Mountain: i 

Ariz., Colo., Mont., 

Nev., Uta 1,788 2,570 4,358 
Pacific Coast: na — 
Calif. and Hawaii.... 2,993 2,245 5,238 
d MENOR NUES 220 oz 220 
Wash.............- 542 12 554 
Total... 3,755 2,257 6,012 
U.S. total 1....... 85,361 87,371 172,732 


1 Data may not add to totals shown because of individual rounding. 
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Table 6.—-Consumption of iron and steel scrap and pig iron by districts and States, by type 
of manufacturers in 1967 


(Thousand short tons) 


Steel ingots and Steel castings 2 Iron foundries and 
District and State castings 1 miscellaneous users 


Serap Pig iron Scrap Pig iron Scrap Pig iron 


New England: 

Cone EE 59 6: 2426.2 114 82 
Maine ee eee, ebe, 8 O e 
Nee nae eee 5 . 102 49 
NH. I. line a eee 44 JA gc 66 15 
MEUS EE dU aM fasse aE v . EEG 27 6 

TOU uu Z u L L oS 103 23 26 1 399 102 
| ——=— = r n =m = = 
Middle Atlantic: 
N: ITEM EE r^ vM 79 8 404 88 

E. A EE 8,149 5,596 157 19 786 127 
Pá NORMA Octet sma uw SORTES 15,518 20, 722 464 35 827 156 

/ oĩ;¾WAiAAA eee teens 18, 904 26,318 700 57 2,017 366 
— ——— —— ͤ — 
East North Central: 

]JlJlJCC roD ³ĩ³ mu EREET 6,747 789 472 28 1,176 391 
Jõöĩ5ͤ˙A ꝛ˙ð x ß E 8, 301 12,244 191 1 747 217 
;;; eres RE ewe 4 , 197 147 1 3,224 579 
§»«˖ö˖»(/(ͥĩ ˙“ ; been uoce oe 11. 550 13,237 464 48 2,041 584 

MOTOREN ce pcr 309 5 210 
J7ö§ö§;à1?r ⁵«⁵˙Ü. ! $1,258 38 , 067 1,583 83 7,896 1,981 
KK DEE EE T—TT—½. 
West North Central 
/%H , aou eb eee ³·¹-AA. y Ee 52 1 611 70 
%%% ³˙¹ümiͥ ⁰ 5 y a 98 82 6 
V ↄ P!ThfſBP r v ðͤ K E EE Wee EE 
iini 88 252 440 51 145 50 
We EE fi f˖ f ³Wm1AAA ³ow- ³⁰m :ʒm —_ SSO m 109 9 102 22 
fk ⁵ðV2 oe 1. 092 440 321 11 910 148 
South Annne i i i 
e d e e dp 4o — —— ap ep oe 4b — em ne em — mm gp — gp o K. Ə7 Weg m ep ep m em ep we e wm E wem gt ep 222 we om @ e @ 
Md.. ⁰ydd y y th oe oe 2.939 5, 796 „ 108 5 
FIRST •ł ¼n ee 8 111 eos ( GN 12 3 
ee) Ee MEG 98) 46 
MO url d 8 52 13 
EE EEN 144 1 409 105 
W. d EEN 1,724 2,246 3 2 23 11 
Total zu 88 5,291 8,042 237 3 738 188 
- i err ER A ST a s: 
East South Central: | 
KEEN 2,134 3,114 136 ...... 977 651 
Kyu ee EE 232 (OOO, 275 35 
l Miss ——U—— —— -..-Á.-.....v..-..v.....v..Á....-. ` 80 ee U:: e 2 e e e 
JW. ENEE je ˙ Nr 28 2 333 128 
rr. 8 3, 446 4, 702 164 2 1. 585 809 
West South Central | 
I.................... ˖ % ⁵ð2—A2A2A ⁵ð ]ðò 
J ͥ » TATA 8 49 B eet 
';; ĩ⅛ꝛ ]ð Ku ĩͤ K E 11777 — 22 2 48 14 
di AERE UE ⁵ ⅛ M ! 2,217 1,110 69 ...... 580 80 
JJ ·¹³d %² fm See 8 2, 374 1,110 140 1 636 94 
Rocky Mountain: l 
riz., Colo., Mont., Nev., Utah...... 1,539 2,562 89 1 159 7 
Pacific Coast: = 
Calif. and Hawaii 2,533 2,170 120 8 340 72 
Ore oce sua ua 8 18292 E 580 T iussu. 
Wash. lab eee ebd 478 10 39 2 25 1 
Total... u eee eee Sua "m 8,173 2,180 209 5 972 73 
U.S. total.. russe eee LEE 67,180 88,444 38,469 164 14,712 3,763 


1 Includes only those castings made by companies producing steel ingots. 
2 Excludes companies that produce both steel ingots and steel castings. 
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Table 7.—Consumption of iron and steel 
scrap and pig iron in open-hearth furnaces 
in 1967, by districts and States 


(Thousand short tons) 
District and State Scrap Pig iron Total 


New England and Middle 


Atlantie: 
N. Y and R. I. 1,337 1, 556 2, 893 
P'uti eee oe 8,695 14,675 23,371 
Total. 10, 032 16,231 26,264 
East North Central: 
JT 2,587 3,517 6, 104 
Ing v 5,795 6,617 12,412 
Mich. and Wiss 1,022 927 1,949 
ioo . . . . euros 5,239 7,041 12,280 
Total... ⁊ 14, 643 18,102 32,745 
West North Central: 
Minn. and Wo 290 449 739 
South Atlantic: 
Del., Md., W. Va.... 3,396 5,792 9,188 
East and West South 
Central: 
Ala., Ky., Tex....... 2,503 3,348 5,851 
Rocky Mountain and 
Pacific Coast: 
Calif., Colo., Utah... 2,178 2,465 4,643 
U.S. total 1. 33,043 46,386 79,429 


1 Data may not add to totals shown because of 
individual rounding. 
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Table 8.—Consumption of iron and steel 
scrap and pig iron in electric! steel 
furnaces in the United States in 1967, by 
districts and States 


(Thousand short tons) 


District and State Scrap Pig Total 


iron 
New England: 
/// oe eee e ee 92 7 99 
Mass. and N. II 26 1 27 
Total... m 118 8 126 
Middle Atlantic: m i 
|, DAS PEDE ERE 370 7 377 
i a PAR loamy T ot eee 305 7 312 
| eee tc oa nee 3,588 36 3,623 
Total EEN 4,263 50 4,312 
East North Cental: 
toT MEC ERE PERI MR 3,303 18 3,321 
E BEE 167 5 172 
Mich aaan 455 459 
OIG oso hk ees 2,656 45 2,701 
CCC 296 305 
d beet eee 6,877 81 6,958 
West North Central: — 
%%G;ͤ;é⁵ð¹—ilrꝛ md ee SZ SS 56 ... 56 
Kans. and Nebr. ........ 109 ... 109 
Minn 8 36 1 
Moo 928 928 
d BEEN 1,129 1 1,130 
South Atlantic: 
el. and Md............ 112 1 113 
Fla., Ga., N. C.......... 645 1 646 
Va., and W. Va. 361 1 362 
Total;z uu p z 272 S 1,118 3 1,121 
East South Central: 
Qu. s ͤ adu d ik 406 1 407 
sS arua E SALE E 545 ... 545 
Miss. and Tenn 95 ... 95 
Total. 1,046 1 1,047 
West South Central: m 
rk., La., OK 227 2 229 
(vo EEN 1,266 206 1,472 
Sell! 1,493 208 1,701 
Rocky Mountain: 
Ariz., Colo., Nev., Utah. 244 1 245 
Pacific Coast: — 
Calif. and Hawaii........ 996 11 1,007 
Oreg.... l.c ee di dc 212 212 
ECH AA se interes 514 11 525 
Sl See ees 1,722 22 1,744 
U.S. total 2. 18,010 378 18,388 


1 Includes small quantities of scrap and pig iron 
consumed in crucible furnaces and vacuum melting. 

? Data may not add to totals shown due to indi- 
vidual r ounding. 
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Table 9.—Consumption of iron and steel 
scrap and pig iron in cupola furnaces in 
dé United States in 1967, by districts and 

tates. 


(Thousand short tons) 


District and State Scrap Pig iron Total 


New England: 
S -------- 58 18 76 
Me and N. H........ „ 

CA- EE 172 45 217 

VP 56 13 
NG Shah cts Sere een ae ee 26 6 32 

Total ¿u ims 319 82 401 

Middle Atlantic: i ME 
/ ERES 324 78 402 
IN YO: oS eee ies fae 683 124 807 
PA 8 578 180 758 
Total. 1,585 382 1,967 
East North Central E 
EEN 1,138 172 1,310 
rd; su Z Sus sua 730 206 936 
Mich_... . . ---- 3,657 49 4,156 
Gio ue aesae aa 2,066 284 2,350 
Wis AAA Gees 599 180 119 
Total. 2 cx meme 8,190 1,341 9,531 

West North Central mM 

Oowa..____.-.------- 427 67 494 
Kane 2c 27 6 33 
Minn: EE 144 50 194 
MO ce u my eii ud 82 22 104 
Nebrr 22 25 

Total: L. dine 705 145 850 

South Atlantic: e i 
Fla. and Ga.......... 41 15 62 
Mis h oadama 133 7 140 
E os ee ees eu s 98 33 131 
%% eee ee So 48 13 61 
Mails cc 8 380 105 485 
W. Te WEE 11 7 

Piel 8 717 180 897 

East South Central: 

CN PEN PE 884 657 1,541 
FY ee teehee 162 35 197 
Tenn. 226 zen nre 346 124 470 

Total: 2-2 1,392 816 2,208 

West South Central 
La. and Okla......... 53 12 65 
OX ests 8 440 89 529 
Pot. 493 101 594 


Rocky Mountain: 


Colo., Mont., Utah... 98 39 137 


Pacifie Coast: 


ilf. o o noie 351 71 422 
Oreg. and Wash 28 1 29 
Total 202592255 379 72 451 
U.S. total 1......... 13, 877 3, 162 17,039 


gege 


1 Data may not add to totals shown because of 
individual rounding. 
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Table 10.—Consumption of iron and steel 
scrap and pig iron in air furnaces in the 
ege States in 1967, by districts and 

tates | 


(Thousand short tons) 


District and State Scrap Pig Total 


iron 


New England: 


Conn., Mass., N. H., R. I. 46 12 58 
Middle Atlantic: ES 

N. J. and N. Y........... 25 4 29 

Pac eh Ade ore sy ea! 218 37 255 

Total EEN 243 41 284 


Ind. and Mich............ 210 13 223 
10 ee 277 31 308 
WIS d A ie 81 23 104 
/ Se upa oes 671 82 753 


West North Central: 
Iowa, Minn., Mo 
South Atlantic, East and West 
South Central, Pacific 
Coast: 
Calif., Tex., W. Va. 119 7 126 


— ——— — “s s — 


U.S. total 1. 1,099 145 1,244 


1 Data may not add to totals shown because of 
individual rounding. 


Table 11.—Consumption of iron and steel 
scrap in blast furnaces in the United 
States in 1967, by districts and States 


(Thousand short tons) 


District and State Scrap 
Middle Atlantic: 

N: Yoe eh 326 
)) y ⁵ 8 1,420 
I ³ĩðV⁰iV“1? te Ln. 1,745 

East and West North Central D 
Ind., Mich., Minn................. 323 
JO n cd: c ⁰y t Lc LM 1,289 
d KC WEE 2,320 

South Atlantic, East and West South i m 

Central: 

Ala. and t zd 296 
Ky., Md., W. Va... MO 232 
Sn... 8 528 
Rocky Mountain: m 
Colo. and Utah_____.__._...------.- 130 
U.S; total. . ul z u. 8 4,724 
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Tabel 12.—Consumption of iron and steel scrap, in 1967 by type of 
manufacturers and grades 


(Thousand short tons) 


Steel ingots Iron foundries 
Grades of scrap and castings Steel castings and miscel- 
laneous users 
Steel scrap, excluding rerolling rails: 

ENEE 58,200 2,916 5,462 
Alloy, excluding stainless 2,683 151 171 
Stainless 7%;õͤ E 197 34 32 
Cast iron, including boring 5,500 368 9,047 
67,180 3,469 14,712 
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Table 13.—Consumption of iron and steel scrap, by grades, by district and States, in 1967 


District and State 


New England: 
C 


mast South Central: 


West South Central: 


Ik.uand EEN 


g KN d EECHER 


Rocky Mountain: 
Ariz., Colo., Mont., Nev., Utah 


Pacific Coast: 


Calif. and Hawaii... ` 


(Thousand short tons) 


Carbon steel Alloy steel Cast iron 
(excludes re- (excludes Stainless steel (includes 
rolling rails) stainless) borings) 
ER 18 8 32 61 
SE Ee 9 
HS 62 5 2 133 
SE 46 3 NONE 61 
SPENGE 7 SE „5 20 
199 11 34 284 
409 12 4 295 
PNE 3,184 79 83 746 
12,671 1,477 399 2,262 
16,264 1,568 486 3,303 
6,784 181 40 1,390 
8,176 118 30 915 
5,181 34 94 2,722 
11,081 729 99 2,146 
557 4 451 
31,779 1,067 267 1,624 


—— wal s SSE 220 
1717. Ee 25 
D gees 149 

9 2 173 

—  — ͤ 23 
14 2 590 


. — — —— — — — ATID 


2.794 20 57 216 
j; 6 
eee VCC 32 
CC. 91 
Seen 6 eege 41 
321 „„ 230 
1,749 B nd 29 
5, 532 32 57 645 
2.451 82 714 
1.230 104 4 169 
j | See ee 
ss s M9 soc 8 229 
3,893 186 4 1,112 
"x J A 8 
rs % ee 31 
2.288 42 2 534 
D 2 533 42 2 573 
"M 1,506 52 229 
2.505 474 

205 16 10 

ME 445 17 1 79 
3,155 33 11 555 

ee 66,577 3.005 863 14,915 
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Table 14.—Home scrap produced in 1967, by source and type of manufacturers 


(Thousand short tons) 


Source of scrap 


Other, Total 
Recirculating! Obsolete ? including 
slag 
Manufacturers of steel ingots and castings- - - 38,577 3,374 2,361 44,312 
Manufacturers of steel casting 1,442 9 17 1,468 
Iron foundries and miscellaneous users. 6,283 113 136 6,532 
Total. cedo. ò J...... 8 46, 302 3, 496 2,514 52,312 


1 Includes home, plant, or recycled iron and steel scrap. 
? Includes molds, stools, machinery, and buildings; excludes rerolling rails. 


Table 15.—Consumers receipts and total consumption of iron and steel scrap in 1967, 
by grades 


(Thousand short tons) 


Receipts Total 
Grades of scrap (excludes rerolling rails) —n — — consumption 
From dealers From others Total 
Carbon steel: 
Low-phosphorus plate and punchings. . . 2, 506 823 3, 329 4,051 
Cut structural and plate 1,074 23 1,097 1,222 
Steel car wheels 165 6 171 179 
No. 1 heavy melting 4,729 2,438 7,167 28,049 
No. 1 and electric furnace bundles 4,685 1,819 6,504 1,213 
No. 2 and all other bundles............ 4,153 541 4,694 5,954 
Turnings and borings. ................ 2,360 198 2, 558 2, 913 
Slag scrap (iron content 282 626 908 2,939 
All other carbon steel 3,596 1,239 4,835 14,659 
Alloy steel, excludes stainless 381 173 554 3,004 
Stainless gieel -----------------02----- 307 53 360 863 
Cast iron: 
BCC Ü—V——.. ARE EU TES 697 357 1,054 1,595 
All other cast iron sera 3,812 941 4,753 13,320 
Ne EE 28, 747 9,237 37, 984 85, 361 
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Table 16.—-Consumers stocks of iron and steel scrap and pig iron Dec. 31, 1967, in the 
United States, by districts and States 


(Thousand short tons) 


District and State Scrap Pig District and State Scrap Pig 
iron iron 
New England: South Atlantic—Continued 
Coni e geet 14 3 ls BS cst ed Bo w 9 1 
Maine and N. HH. ) 26 SS%öͤöo r == 88 1 1 
/) 11 6 EEN 29 11 
Dr nee Meaney Rte ane ere 5 W. e uut eek a Sta 168 73 
toee Petia deles ——88 
Total: 2 2 ⁰⁰ 82 523 101 
rr ( n 44 14 —— s 
————— East South Central: 
adel Atlantic: - N as JJ OR 299 446 
ff!!! . ee SES EE 8 
EE 452 444 F — ae) 37 
rr enn ne Re Rene Rate 8 1,580 502 Tenn 2222 13 7 
CCC 2,116 960 F 458 490 
East North Central: West South Central: Gen m 
|| MEMINI 1,026 263 Ark., La., Oklaa 36 3 
III 8 864 76 CCC 218 46 
Ke 432 173 Geer 
ei EE 940 533 Totaly EE 254 49 
Wis. „44 53 28 Rocky Mountain: 
— riz., Colo., Mont., Nev., 
Total 3,315 1,073 TTT 358 88 
West North Central: Pacific Coast: mn 
I X 58 6 Calif. and Hawaii.. 355 27 
Kanes ct cots 8 5 1 Ore uo ee Bis geet 34 vl 
Iii! sass passan TE 73 15 Wash.. aaan 123 12 
Me eege eg 73 5 — sn 
Nil 88 2 ----- VC 512 39 
Total acces sect eee az ass 211 27 Fc Ä 75793 2,842 
South Atlantic: 
Del. and Wũ et tétkwꝑ kU—U—Te - - 268 14 
Fla l...a- lj. Ges 
Ga 32; sees 35 1 


1 Data may not add to totals shown due to individual rounding. 
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Table 17.—Consumer stocks of iron and steel scrap, by grades, by districts and States, 
Dec. 31, 1967 


(Thousand short tons) 


E Carbon steel Alloy steel Stainless Cast iron 
District and State (excludes re- (excludes steel (includes 
; rolling rails) stainless) borings) 
New England: 
%)%)%CöÜ—(Q!7]ſ&ſ.f0hä¼ 5 (1) (1) 6 
M88822 ooo ⁵o⅛. mr y Pe CCW 8 
JJ!!! co Rol Gin ura med ae es Ei ⅛ x0 DRE 
7öG(öõÄ5—L::d .... E Ets 12 (D —— ete 3 
o RAEE een aR P We | Yipee, — ` Qata ure 1 
Total... ³Ü¹AiAA•·¹· . ³ m eed 6j 8 18 
Middle Atlantic: ü > i 
Pci OE this ⅛ð Rr U Š 46 14 - 42 
e E EE 346 (2) 71 
P SE EE 1,117 168 40 256 
Total. EE 1,504 182 40 369 
East North Central: = — — 
Jö ne ͤ ͤ K en ee su S Sasa 890 19 15 112 
Inde cerle . 8 697 9 / 148 
I oe oe Sere ee a 297 4 7 125 
Gi he ih Sees 8 744 33 15 149 
TEE v 8 36- = thee 17 
Total. EE 2,664 65 37 551 
West North Central: CC VPOUU]LC.,CLSTICLCACOOIOO C x 
OW. c oU SS ee «ð¾ . y ĩð uy asus e 222 eeesewce 11 
Kans. and Nebr. . . . . . ccc cssc cs2s- SE 1X 1 
ID EE 5. EMI ͤ v aeS 15 
MOS ere alte deu Ri Ee de e icf 0D. sucre. “ 18 
d NZ EE I e ae EE 2 e ‘acoder se 45 
South Atlantic: — e 
Blot ot e tede 88 (1) J (5) 
AT EE su 2 Meme Sas J gee ³ »] eee 
e e T E ß tA ee 2 
²§˙¹·¹¹AA ⁰»mͥmg 7⁊⅛w• =. yy y u S ue 177 (1) (1) 62 
CP OPPRIMO IMPER ß NERO Soak E eg —— Chia (1) 
CM EE CO ate a hee 0 Ee (1) 
e EE D Nee, eee ate ĩ ͤ (KA aT Pare en aS 242 EES? 8 
ee, aes Shiai y CB EE 162 (i). hese sasa 5 
TOUS NEEN 0 AAA 8 77 
East South Central: E 
15 J%Cöͥͤĩ5³êÄ, 7;ö;—w0ũꝛq m8 ` | s e 
7 p EEE E (1) d 
PLI MM PCI" cT 88 | JT ˙²Ü :! K 
IEECII11m1i!!⅛⅛.¾ EES CCC 7 
P o A... ML ees 3507 ·o· 1• .. ulus 79 
West South Central: mum 
| PEN RU rS aia AA ) "EM cn 
| SEENEN, KEE CM LZ Uu 
BI PPM AA o 8 Oe K pS (1) 
Tiy ar cate ĩͤ d ME S 197 NONO 17 
RK: Le i.a. ð K uL me ENS 201 & eet ee te 18 
Rocky Mountain: 
Ariz., Colo., Mont., Nev., Utah.._.-___..-- 242 (D. ee a 111 
Pacific Coast: 
Calif. and Hawaii. 271 3 (1) 80 
POD: ue Suyupa EEN 1111 (2) 1 
ET EENEG 99 | Em 23 
e . a aa a 401 „% 104 
Other States. 51 37 31 9 
ELS. total EEN 6,010 294 108 1,383 


1 Combined with other States to avoid disclosing individual company confidential data. 
2 Data may not add to totals due to individual rounding. 
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Table 18.—Consumer stocks, production, receipts, consumption, and shipments of iron and 
steel scrap in 1967, by grades 


(Thousand short tons) 


Receipts 


Grades of scrap (excludes Stocks Home from Total Stocks 
rerolling rails) Jan. 1! scrap dealers consump- Shipments Dec. 31 
produced and all tion 
others 

Steel scrap: 
hrt 6,274 38, 859 31,263 66,578 3,808 6,010 
Alloy, excludes stainless 316 2,531 555 3,005 103 294 
Stalülógi- 8 116 531 359 863 37 106 
Cast iron, including borings............ 1,482 10,391 5,807 14,915 1,382 1,383 
Total: So ba esaet 8,188 §2,312 37, 984 85,361 5,330 7,793 


Table 19.—Stocks of iron and steel scrap 


and pig iron at major consuming indus- 
tries plants, Dec. 31 


(Thousand short tons) 
Manu- Iron 


facturers Manu- found- 
of steel factur- ries 


Year ingots ersof and Total 
and steel miscel- 
castings cast- lane- 
ings ous 
users 


Scrap stocks: 


1966 6, 822 889 982 8,193 
967...... 6,538 342 913 7,793 
Pig iron stocks: 
1966 .. 2, 481 25 456 2, 962 
1967 2, 433 25 384 2, 842 
t Revised. 


Table 20.—Average monthly price and composite price for No. 1 heavy melting scrap in 1967 


(Per long ton) 


Month Chicago Pittsburgh Philadelphia Composite 

price 1 

RT e GE $28 . 50 $27.50 $27.50 $27.83 
FeDPUBEU O U oh ³¹ wm ewe Ve dle EE 28.00 26.50 28.50 | 27.66 
F ⁵˙AmAAA A EL tea 29. 50 26. 50 28. 25 28. 00 
ADI AAA 8 27. 50 26. 50 27. 50 27.17 
/;ö⁰ĩ˙ AA ein coke 26.70 25.30 27.50 26.50 
VUNG) r t E S . ek 27.50 25.50 26.50 26.50 
LEE 27.75 25.75 27.00 26.84 
EE 29.00 26.50 27.50 27.65 
September.... MM 29.75 26.50 27.50 27.92 
Oe) e 27.90 25.70 27.70 27.10 
November... stees 8 29.50 27.25 28.50 28.41 
December- ↄo;˙?uẽ?ꝛs??;r; ] 5mq²m ee oi 30. 00 30. 00 29. 50 29. 84 

Average: 

190 ¹ 28. 47 26. 63 27.79 27. 62 
192585. E m he ee 32.15 30.48 29. 98 30.87 


1 Composite price, Chicago, Pittsburgh, Philadelphia. 
Source: Iron Age, Jan. 4, 1968. 
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Table 21.—Stocks, production, receipts, consumption, and shipments of pig iren 


(Thousand short tons) 


Year Stocks Produc- Receipts Consump- Shipments Stocks 
Jan. 1 tion tion Dec. 31 
ELLE 2,330 91,724 8,493 91,770 r 7,809 2,968 
TEE 2,968 86,804 7,541 . 87,371 7,100 2,842 
r Revised. 
Table 22.—U.S. exports of iron and steel scrap, by countries 
(Short tons) 
Iron and steel scrap including Rerolling material 
Destination tinplate and terneplate scrap 
1966 1967 1966 1967 
ens. n ORDER CE mU re E 22,214 227 ge 
Australian Lc 178 | 3. 045. Sox ge Suma s 
Belgium- Luxembourg 886 20047. i ucc ee 8 
rax ces oases ete M ee ne n Tad 193 SöÜ˙¹èẽ: oes, udo 
Canadas. iodo Sees ae ee 8 789,442 542, 373 2, 989 1,132 
Sen 8 11, 263 %% Mannion ete 
RI EC EEGEN ö; 8 
JJ ³⁰˙ A ce eee 8,712 13:851. eet 88 
Germany, Weste 14,709 1/1 TTT 
Hong ß ĩð-dö1 2-5 Saco UD 368 ö·Ü—bGi 8 
REES 321,781 JJ A 
E EE ⅛o yt 8 3,079,256 5,300,261 22,359 19,211 
Korea, South... ee ee 410 306, 757 13,938 91,928 
e ETEA DE E EA EA 779, 602 747, 280 3, 476 8,783 
Nansei and Nanpo Islands c / ( 3,417 EE 
Netherlands 761 9;§öê] 88 
Pakistan... edax Eege 20,208 24. Eeer, 8 
)))) 8 23,727 gU LIE i EE 
EHilppfin)s 8 80 Fcôö»ê51ẽrͤ 8 
pri EE". 84,759 LE EE 
eh EE 45,834 %%%%%%ͤͤ 
11//CöCÄĩÄ5t[ꝰ?³¹.ůB.;ꝓ ꝛð EE 128, 970 83, 076 61, 080 15, 651 
FJC » ̃½⅛*²ͥ2v. 8 157 77%/% W. EEN 
RI ]⁰¹Vm. ĩ⅛V V yt SS uy RE ee as s 35,413 AR OTT unen ĩo 8 
United Arab Republic.......................-- 41,651 , caodtkcauese 
United Kingdom n 647 C); 
Vene nenn. eeces 26,409 17,608 .......... 25,748 
Viet-Nam, South. 576 J97 1 eee oes, se D02225 ss 
A ugoslaVIB. ðZ dd tS Es ;; nñ ⅛˙²ͤmuXUwU..... Q ssimum 
rr at ͤmt 86 1. 189 399 L des 
Total: 
Short tos. Lus 5, 773, 666 7,504,177 107,259 162,453 


Value (thousands) ......-..-..-....- $172,418 $245, 303 $5,043 $5,933 
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Table 23.—U.S. exports and imports for consumption of iron and steel scrap by classes 


1966 1967 
Class Value Value 
Short tons (thousands) Short tons (thousands) 
Exports: 
Nos. 1 and 2 heavy melting steel scrap- - ` _ `` 3,172,004 $95,852 3,912,908 $122,429 
Nos. 1 and 2 baled steel scrap.............. 1,441,164 33,329 1,900,584 45,808 
Borings, shovelings, and turnings. .........- 377,223 7,989 462,152 9,009 
RTE . dem eaae 260,490 7,716 446,801 12,777 
Rerolling material.......................- 107,259 5,043 162,453 5,933 
Other steel scrap (terneplated and tinplated). 522,785 27,532 781,732 55,280 
Total tero RE vu E Lt .; 5,880,925 177,461 7,666, 630 251,236 
Imports: SEENEN 
Iron and steel scerap . . 390,205 7,672 215, 635 8,181 
Tinplate scrap. dz 16,450 535 13,527 881 
õĩ§³ĩÜ¾ft ] mA T ee ae etu 406, 655 8,207 229,162 8,562 


Table 24.—U.S. imports for consumption of 
iron an steel scrap, by countries 


(Short tons) 


Country 1966 1967 
Australia............-....- 210 112 
Belgium- Luxembourg 1.968 
Bermuda. ................- 1,064 ....... 
Canada..................-.- 395,439 215,276 
French West Indies 224. eis 
Germany, West. 498 4 

NOG. o ³ðA 8 1"74 499 
Mexico o 17 382 
Netherlands 6, 656 166 
New Zealand ---- 1 6 
Rumania 11,010 
United Kingdom............ 342 1,557 
One Se s 45 140 

Total: 
Short tons 406,655 229,162 
Value 


(thousands).... $8,207 $8,562 


Iron Oxide Pigments 


By F. E. Brantley * 


Markets for iron oxides used as pigments 
generally followed the normal growth pat- 
tern of recent years. Ferritegrade iron-oxide 
demand continued its strong upward trend. 
The requirements of the fast-growing fer- 
rite and electronic industries in 1966 and 
1967 exceeded the capacities of domestic 
producers to supply certain desired grades, 


and imports were called on to relieve the 
shortages. The situation moderated only 
slightly in 1967, and imports remained up. 

Mine production and crude pigments 
sold decreased approximately one-third 
from the corresponding 1966 figures, and 
was similar to a like decrease which oc- 


curred in 1961. 


Table 1.—Salient iron oxide pigments statistics in the United States 


1963 1964 1965 1966 1967 
Mine production short tons. 56,700 59,800 57,000 68,200 89,900 
Crude pigments sold or used do 55, 900 59, 700 56, 200 68,900 41,800 

Value -aoan thousands. . $500 $446 $419 $476 $32 
Finished pigments sold short tons. . 118,800 119,500 127, 500 130, 700 127,300 
lll ori thousands. $21,135 $22,991 549 324, 841 326, 720 

Exports short tons 4,200 ,100 4,700 4,800 8,10 
Value ñ3 thousands. . 1,306 $1,817 $1,380 $1,307 $1,312 
Imports for consumption... ...... short tons.. 13, 700 16,300 17,800 24,600 8,400 
Ver thousands.. $1,469 $1,817 $2,165 $3,168 $3,203 


DOMESTIC PRODUCTION 


Crude iron oxide pigment material was 
mined by six companies in six States, and 
sold by seven companies in seven States. 
A substantial drop occurred in crude mine 
output and sales which may have been the 
result of several contributing factors. These 
included a decreased demand in some 
industrial areas such as automobile and 
appliance manufacture, and construction 
materials, and an overall inventory adjust- 
ment. Thirteen companies with 18 plants 
in nine States sold finished iron oxide pig- 
ments. Several finished iron oxide pigments 
producers improved processing facilities or 


added new units to obtain increases in pro- 
duction capacity. 

The St. Joseph Lead Co. prepared to 
market a high-purity iron oxide powder 
late in the year. The powder was to be 
produced and processed by the Meramec 
Mining Co., at its Sullivan, Mo. plant, and 
sold for ferrite manufacture. 

Consolidated Quebec Smelting and 
Refining of Canada planned to build a 
ferrite plant near Ogdensburg, N.Y. Iron 
oxide would be provided from its sub- 
sidiary in Ontario, Ferrox Iron Ltd. 


CONSUMPTION AND USES 


Although the quantity of material in- 
volved was down 3,000 tons, overall value 
of sales by U.S. processors of finished iron 
oxide pigments exceeded last year's record, 
reaching a total of $26.7 million. This 


was due to price increases that went into 
effect near the end of 1966 and early in 
1967. Prices were increased on some im- 


1Commodity specialist, Division of Mineral 
Studies. : 
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ported pigments, but not to the extent of 


domestic price increases. Some of the in- 


creasing uses for high-purity iron oxides 
included ferrite applications in color 
television sets, small motors and alternators 
for automobiles, permanent magnets for 
closure devices, cordless appliances, and 


MINERALS YEARBOOK, 1967 


various types of magnetic tapes. 

Data are not collected by the Bureau of 
Mines on specific uses of iron oxide pig- 
ments, and the figures given in table 2 do 
not necessarily reflect all sales of iron 
oxide pigment material for uses except as 
pigments. 


Table 2.—Finished iron oxide pigments sold by processors in the United States, by kinds 


Pigment 


1966 


Short Value 
tons (thousands) 


1967 


Short Value 
tons 


(thousands) 


Natural: 
Brown: 


Iron oxide (metallic)!. 11. 


Red: 


Yellow: 


Manufactured: 


Black: Magnetic_________-__-_-____---_--____--_- 
Brown: Iron oxide... l l... 
Red: 


Pure red iron oxides: 


Calcined copperag 
Other chemical processes 
Other manufactured red iron oxides... .. ... 
Venetian red... 


Total manufactured 


---- 15,488 $2,567 


Iron Oxide o coco Soe 
Sienna, Dumt. ------------------------ 
Pyrite cinder__________._..__.___________. 


2 2 — 


- — - es 


mp ` em —— 


12,881 $2,226 


Unspecified including mixtures of natural and manufactured 


red iron oxide s. 


. ! Includes some black magnetite and vandyke brown. 
2 Pyrite cinder included with red iron oxide for 1967. 


3 Includes some yellow iron oxide. 


3.483 708 3,802 789 
qu 665 135 667 135 
34,498 1,925 234,752 2 2.060 
1.178 373 1.164 887 
2'959 155 (2) (2) 
4,881 277 4,654 262 
SE 655 193 600 174 
68,752 6,838 58,520 6,033 
3.154 991 3,781 1,654 
4:842 2.444 4.792 2,466 
21,776 6,113 19,486 5,635 
6,588 1:974 12109 « 3: 463 
2'088 325 (4) (4) 
652 9 670 105 
19 ,258 5,358 28,177 6,664 
58,358 17,304 64,015 19,987 
548 1.204 4,803 700 
130,658 24,841 127,338 26,720 


4 Other manufactured red iron oxides included with other chemical processes for 1967. 


PRICES 


Price increases of some domestic types 
of iron oxide pigments were announced 
late in 1966 and extended into 1967. Ad- 
vances ranged from 0.5 to 1 cent per pound 
for natural and manufactured grades. In 


general umbers and siennas were not 
changed. The price ranges shown in table 
3 reflect variations which may be due to 
differences in quantity, quality, locality, or 
individual suppliers’ views. 
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Table 3.—Prices quoted on finished iron oxide pigments, per pound, in bags, unless 
otherwise noted, as of December 31, 1967 


Pigment Low High 
Black 
II teow E $0.1475 $0.1850 
Synthetie 1275 1300 
Brown: 
Pure, synthetic... e 1550 1875 
Metallie 0625 0775 
Umber, American, burnt _- 0775 1150 
Umber, American, raw... 0925 .1100 
Vandyke: American. 1075 1200 
Sienna, American, burnt 1600 2150 


1 Barrels 


Pigment Low High 

Red: 

Domestic primers.......... $0.0575 30.0575 

Persian Gulf 11. 0925 1000 

Pure synthetie `` 1425 1625 

Spanish, docks, New York !. 0550 . 0625 

Sienna, burnt... ........... 1100 2200 
Yellow: 

Ocher, domes tie 0300 0425 

Ocher, French type 0675 0725 

Pure, light lemon 1325 1525 

Other shades ii 1250 1875 


Source: Oil, Paint and Drug Reporter, American Paint Journal, and pigment processors. 


FOREIGN TRADE 


Tariff reductions on iron oxide pigments 
under the Kennedy Round trade agree- 
ments of 1967 were authorized by Presi- 


TSUS No. Pigments containing 
iron 
Iron oxides and 
iron hydroxides: 


473.30 Synthetic 
Natural: 

473.32 Ochers 

473.36 Siennas 

473.38 Umbers 

473.40 Other 
Other pigments: 

473.86 Vandyke brown 


Staged annual reductions through 1972 
were provided for and at the end of the 
5-year period the duties would average 
about 50 percent less than in 1967. 

Imports of natural iron oxide pigments 
remained at the same level in 1967 as for 
1966. Manufactured iron oxide pigments 
in 1967 showed a slight decrease after a 
51-percent increase in 1966 over that of 
1965. Exports were down in 1967 by 34 
percent although the value was virtually 
unchanged. Decreased shipments to Canada 
accounted for most of the loss, which ap- 
partently resulted from an increase in 
Canadian plant capacity. Also increased 
U.S. prices may have had some effect. 


10 percent ad valorem 


0.1254 per pound 
0.256 per pound 
0.18754 per pound 

16 percent ad valorem 


17 percent ad valorem 


dental Proclamation 3822, signed Decem- 
ber 16, 1967. These were to be effective 
January 1, 1968 as follows: 


Rate of duty 


1967 1968 


9 percent ad valorem 


0.1¢ per pound 

0.24 per pound 

0.164 per pound 

14.5 percent ad valorem 


15 percent ad valorem 


The Republic of South Africa supplied 
all of the ocher imported for consumption 
in the United States. Crude and processed 
siennas originated in Italy, the United 
Kingdom, and Cyprus. Italy supplied 63 
percent of the total. Umbers came from 
Cyprus, Italy, and the United Kingdom, 
while all imported Vandyke brown was 
from West Germany. 

Sixty-two percent of the synthetic iron 
oxide pigments imported were supplied 
by West Germany, 32 percent by Cana- 
da, 5 percent by the United Kingdom, 
with the remainder from the Nether- 
lands, Japan, and Spain. 
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Table 4.—U.S. exports of iron oxide pigments, by countries 


1966 1967 
Destination —— M — 
Short tons Value Short tons Value 
(thousands) (thousands) 

Argentina BEER T 102 $46 97 $47 
Australia RR T 216 108 328 189 
Beleium-Luxembourg ns 10 9 10 6 
ie, a ae AER %% NOE SH C 49 28 58 35 
Canada % ͤ ðxVLvd½e 8 2, 426 399 976 354 
ö•ÜöÜ ³oÜ w K 8 17 7 5 3 
G ðo·wi ⁰ꝗyqag df 26 9 10 4 
PÄÜ˙Ü ³⁰w ³ be y y 8 153 53 143 63 
Germany, West. . ........... INEO ] ͥ 8 156 61 467 166 
Greece ˙J)qqu%ü 8 5 3 27 17 
Guatemala. . —— 22 6 37 10 
Hes ³ð”ö ð- y 6 4 1 1 
I nv zac r EEPE NET: 21 7 10 4 
KEE 80 49 31 12 
/ßCöĩõ·Ü¹ ⁵ mm¾ CBs ah Ba ne 205 72 98 36 
IJ % ²³˙]̃ ⅛̃ ]¾ ũ¹övh:]:;;k . 8 9 7 28 17 
Netherlands ...-. 75 36 72 85 
New Zealand .................... 2.22.2 l222llllll 25 3 21 6 
Panama- 2 . Be ew sU RUM eee cde 13 3 14 4 
FH ³ðVK Does oat ee eee usss 128 33 90 34 
J EE 42 13 3 1 
Switzerland S S D O O s T A 6 6 5 4 
United King donn 205 70 199 79 
Venezuea4aaaaa ee eee 116 16 106 29 
Viet-Nam, Sou tn "ML T: 509 218 164 48 
Other countries 131 46 117 58 
ü ³˙¹¹.w»d.u. ðê-ͤ ð ĩð Su Im s ss 4, 753 1,307 3,123 1,312 


Table 5.—U.S. imports for consumption of selected iron oxide pigments 


1966 1967 
Pigments — — 
Short Value Short value 
tons (thousands) tons (thousands) 
Natural: 
Ocher, crude and refined- ------------------------- 146 $8 2936 $16 
Siennas, crude and refined 1,192 145 951 104 
Umber, crude and refined- ------------------------ 3,762 135 4,275 162 
Vandyke broßõũWW WW) 554 49 272 24 
C/ i ete Sma Ale, 3,662 200 3,670 271 
JJJ˙iIiñ;ê“ẽĩ³.¹¹ ð 9,316 537 9,404 577 
Manufactured (syntheti)h));0⸗:r——— :: 15, 234 2, 626 14, 034 2, 626 
Grand total. 24, 550 3,163 23,438 3,203 


1 Classified by the Bureau of the Census as Natural iron- Oxide and iron-hydroxide pigments, n. s. p. f.“ 
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Table 6.—U.S. imports for consumption of iron-oxide and iron-hydroxide pigments, 
n. s. p. f. by countries 


Natural Synthetic 
1966 1967 1966 1967 
Country 
Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- 
sands sands sands) sands) 
Canada (2) (2 73 $4 4,878 $888 4,494 $969 
France `.. aoaaa 165 $15 55 5 29 EU enas Seaca 
Germany, West 80 10 Sie 9,684 1,552 8, 660 1,518 
nee ote pets saa: „„ / y a A 
P60 ĩ˙²? m mue eee — 5 1 1 1 
Netherlands ----- e I0. ek) aaen ee 72 15 
E Ee 8,315 162 8,244 225 Xo. Jaoor 24 2 
Sweden zu et See 1 E eme. eee 
United Kingdom 152 20 278 85 926 145 788 126 
Total- zo uu u ee 8,662 200 8,670 271 15,284 2,626 14,084 2,626 


1 Not specifically provided for. 
2 Less than 14 unit. 


WORLD REVIEW 


Canada.—One plant, in Quebec, Red 
Mill Industries Limited, operated to pro- 
duce natural pigment-grade iron oxide 
from limonite ores. High-grade natural iron 


oxide, and ferrites were produced in 
Ontario, by Ferrox Iron Ltd. 
Germany, West.—New construction 


completed by Farbenfabriken Bayer AG, 
Leverkusen, included a yellow iron oxide 
pigment unit at its Uedingen plant, ex- 
panded red iron oxide pigment capacity, 


and additional black iron oxide pigment 
production facilities. Output was to be 
largely for export. 

United Kingdom.—Pfizer Ltd. an- 
nounced an expansion of its iron oxides 
works at Stalybridge, Cheshire, to meet 
demands in the United Kingdom for high- 
purity iron oxide and for future export 
markets. New processing equipment was 
installed also to allow production of addi- 
tional products. 


TECHNOLOGY 


Technologic trends in iron oxide pig- 
ment production have been directed toward 
fine sizing, uniformity, reproducibility of 
colors, and maximum dispersion and 
coverage of the products. 

The principal technical developments of 
the past year were in the preparation of 
high-quality ferromagnetic materials or 
ferrites. In this field iron oxides are finding 
new uses in addition to the traditional 
pigment applications. À growing source 
of high-purity iron oxide was seen in the 
increased use of hydrochloric acid to 
replace sulfuric acid in the pickling lines 
of major steel companies. Regeneration 
of the hydrochloric acid (HC1) can be 
done more economically than sulfuric acid 
(H: SO,), and ferric oxide (Fe3Os) results 
as a byproduct. With recovery systems now 


in operation, the ferric oxide product 
contains only minor amounts of impurities 
and with minimal treatment can be used 
for pigment or ferrite production. 

The use of high-purity iron oxide in 
solid propellants for better control of the 
burning rate was cited by the research 
director of one of the pigment manu- 
facturers in discussing new applications of 
the high-purity material. 

Iron oxide was given provisional ap- 
proval for use as a color additive in certain 
animal foods. One company announced a 
line of synthetic iron oxides for use in 
cosmetics which met the Food and Drug 
requirements of less than 2 parts per 
million arsenic and 10 parts per million 
lead. 
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Kyanite and Related Minerals 


By James D. Cooper * 


Output of domestic kyanite concentrates 
reached a new high in 1967, increasing for 
the ninth consecutive year. The quantity 
sold or used however declined slightly. Al- 
though no new firms entered the field dur- 
ing the year, the established kyanite pro- 
ducers increased capacity at their process- 
ing facilities in preparation for generally 
growing demand, and one new synthetic 
mullite firm in Georgia reached the pilot 
plant stage. Demand for mullite brick and 


shapes declined along with demand for 
most other types of refractories, and as 
a consequence output of synthetic mullite 
was 19 percent lower than that of 1966. 

Kyanite, sillimanite, andalusite, dumor- 
tierite, topaz and synthetic mullite are in- 
cluded in this chapter because all are 
aluminum silicates, have similar properties, 
and can be used to produce mullite refrac- 
tories. 


DOMESTIC PRODUCTION 


Demand for kyanite was slow during the 
first half of 1967 following a return to nor- 
mal of production of calcined refractory 
bauxite which had been in short supply. 
The demand for kyanite improved during 
the final 6 months, sparked by excep- 
tionally high exports in the third quarter, 
followed by increased output by the domes- 
tic steel producers, the major refractories 
consuming industry, in the fourth quarter. 

Total output of domestic kyanite concen- 
trate in 1967 increased 4 percent while that 
sold or used by producers declined about 
1 percent in quantity, but increased 1 per- 
cent in value. Crude ore production was up 
6 percent in 1967, indicating a very slight 
decline in the concentrate-to-ore ratio. All 
kyanite production facilities were owned by 
two firms, therefore quantitative data are 
withheld to prevent disclosure of indi- 
vidual company data. The producers in 
1967 were Kyanite Mining Corp., with 
mines near Farmville and Dillwyn, Va., and 
Combustion Engineering, Inc., with two 
kyanite mining  subsidiaries—Commer- 
cialores, Inc., Clover, S. C. and Aluminum 
Silicates, Inc., Lincolnton, Ga. 


Synthetic mullite output included high- 
purity products made from Bayer process 
alumina and silica sand, and others made 
from siliceous bauxite and bauxite-clay 
mixtures. Electrically fused mullite was 


made in electric arc furnaces, and sintered 
products were made in rotary, periodic, 
and tunnel kilns. The following firms re- 
ported production in 1967: 
The Babcock & Wilcox Co., Refrac- 
tories Division, New York, N.Y. 
(plant at Augusta, Ga.) 
The Carborundum Co., Niagara Falls, 
N.Y. (plant at Niagara Falls, N.Y.) 
General Abrasive Co., Inc., Niagara 
Falls, N.Y. (plant at Niagara Falls, 


N.Y.) 

Harbison-Walker Refractories Co., 
Pittsburgh, Pa. (plant at Eufaula, 
Ala.) 


Norton Co., Worcester, Mass. (plant 
at Huntsville, Ala.) 

H. K. Porter Co., Inc., Refractories 
Division, Pittsburgh, Pa. (plant at 
Shelton, Conn.) 

Remmey Division of A. P. Green Fire 
Brick Co., Philadelphia, Pa. (plant 
at the same address) 

The Chas. Taylor Sons Co., subsidiary 
of National Lead Co., Cincinnati, 
Ohio (plant at South Shore, Ky.) 

Tennessee Electro Minerals Co., 
Greeneville, Tenn. (plant at 


Greeneville, Tenn.) 


1 Commodity specialist, Division of Mineral 


Studies. 
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Mullite Corporation of America, Ander- 
sonville, Georgia, reached pilot plant stage 
by the end of 1967 and planned to start 
operating on a small scale with two peri- 
odic kilns early in 1968, producing syn- 
thetic mullite from bauxite and kaolin 
mined near Andersonville. 
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Table 1.—Synthetic mullite production 
in the United States 


Year Short Value 
tons (thousands) 
EE EE 29,588 $3,529 
A EE 86,108 4,450 
/, -- a 40, 049 4, 86 
1966- ͤg Sees 49, 551 5,961 
19617... 88 40, 288 4,811 


CONSUMPTION AND USES 


All domestically produced kyanite was 
minus 35-mesh material, and although 
some was used as the fine fraction in mul- 
lite brick and shapes, most of it went into 
refractory mortars, ramming mixes, and 
plastic refractories. Synthetic mullite was 
used mostly for producing refractory brick 
and shapes, but significant quantities were 
used in other refractories and special ce- 
ramics. 


Refractory applications accounted for 


most of the kyanite and mullite used in the 
United States, with the iron and steel 
industries getting the largest quantities. 
Large sections of iron blast furnace stoves 
and stacks were lined with mullite in pref- 
erence to other refractories because of the 


longer service life, lower installed cost, or 
other operating advantages such as resist- 
ance to corrosion and spalling. Mullite was 
also used extensively in electric furnaces for 
ferrous and nonferrous metal and alloy 
production, in glass furnaces, and in auxil- 
liary pouring and handling equipment. 
Mullite has advantages over all other types 
of refractories for lining steel degassing 
chambers. Other important uses include 
kiln linings and kiln furniture, and linings 
for frit and enameling furnaces. 

Small quantities of kyanite and mullite 
were used in ceramic and glass mixes, 
foundry mold facings, hghtweight alum- 
inum silicate wool insulation, ceramic 
honeycomb, and other specialty items. 


PRICES 


Published prices for domestic and im- 
ported kyanite remained unchanged 
throughout 1967, according to Metals 


Week. They were as follows: 
Domestic kyanite, short ton, f.o.b. Vir- 
ginia and South Carolina: 
35-mesh, carload lots, bulk. .$47 
35-mesh, carload lots, bags.. 50 
200-mesh, carload lots, bags.. 58 


Imported kyanite, 60-percent grade, 
c.i.f. Atlantic ports ....... $79—84 
The f.o.b. prices for Georgia kyanite 
were approximately the same as those 
quoted for Virginia and South Carolina 
material. An extra charge of about $10 per 
ton was made by all domestic producers 
for conversion of kyanite to mullite. 


FOREIGN TRADE 


Exports of material classified as kyanite 
and allied minerals including mullite, 
increased 25 percent in quantity and 
value in 1967. Greatly increased kyanite 
exports in recent years have been due in 
large part to the decline in output of high- 
quality sillimanite in the Republic of South 
Africa. Imports of lump kyanite reached a 


peak in 1951 and have been declining 
since, due to development of synthetic 
mullite of equal or better quality than that 
made from Indian or African kyanite 
group minerals. In 1967, imports reached 
their lowest point in the 30-year period 
since kyanite import statistics first became 
available. 
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Table 2.—U.S. exports and imports for consumption of kyanite and related minerals 


1965 1966 1967 
Short Value Short Value Short Value 
tons tons tons 
Exports: 

Argentina... 115 WZ 24 $2,236 
Australia... 1,558 111,777 1,291 $96,036 393 28,328 
Belgium-Luxembourg. ...............- 144 8,537 234 19,842 582 52,448 
. ³o·wmmm ma a a E 2,117 127,968 4, 270 316,619 5,012 337,954 
FFII u ͤ = 168 15, 754 92 8,675 291 51,037 
Germany, Wes 1,349 78,185 1,072 60,144 1,492 87,958 
00.0! AEE AE 431 26,824 587 39,934 1,564 120,887 
BET WEE 1,127 134,134 5,150 327,335 7,143 427,477 
Mies». 8 1,070 70,616 1,581 91,388 1,610 110, 706 

Netherlands 122 7,854 145 5,819 60 28 
United Kingdom. ...................- 1,150 85,802 2,205 121,608 2,414 111,498 
Venezuela a 594 32 , 893 865 18,702 291 15,816 
Other countries 293 24,161 897 24,625 552 59,817 
Totilo EE 10,288 731,847 17,339 1,180,725 21,428 1,408,442 

Imports: 

Indis... le oe ee 8,815 $158,051 3,404 $140,145 1,821 $75,158 
Other countries 282 877 1 600 a.c. luc sese 
J ³Ü¹¹wꝛmꝛꝛꝛ1¹ ³ hꝛm Z ose. 4,047 166,928 3, 405 140,805 1,821 75,158 


WORLD REVIEW 


Australia.—Sillimanite output in 1966 
was 2,984 tons, a slight increase from the 
total of 2,860 tons produced in 1965. 


India.—During the first half of 1967 
kyanite production was 28,000 short tons 
and sillimanite production was 3,158 short 
tons. Exports for the 6-months period to- 
taled 26,969 tons of kyanite and 1,597 tons 
of sillimanite. 

For 1966, the last full year for which 
data are available, kyanite output was a 
record 70,183 tons, exceeding the previous 
high established in 1962 by more than 
15,000 tons. Exports in 1966, mostly to 
European countries, were 39,381 tons and 
local use accounted for 8,000 tons, leaving 
a substantial carryover for future disposal. 
Sillimanite output was 11,388 tons in 1966 
compared with 12,430 tons in 1965. Of 


this, exports totaled 6,980 tons, and most 
of the balance was used in domestic 
production of refractories. 

The Lapsa Buru kyanite deposits, which 
cover a 10-square-mile area around the hill 
for which the deposits were named, wcre 
described together with information on 
mining, processing, and marketing meth- 
ods, domestic consumption, and export 
trade.? 


Republic of South Africa.—Sillimanite 
production in the first 9 months of 1967 
was 28,484 short tons, down slightly from 
the same period in 1966 when 30,836 tons 
was produced. Andalusite production rose 
in the first 9 months of 1967 to 19,696 tons 
compared with 16,433 tons for the same 
period of 1966. 


TECHNOLOGY 


Bureau of Mines research on kyanite and 
related minerals included improvements in 
beneficiation methods, completion of sam- 
pling and testing of kyanite from the 
Woodrat Mountain deposit in Idaho, and 
initiation of a field and laboratory study of 
kyanite-sillimanite in Madison County, Ga. 
A kyanite-mullite marketing study for the 
Western States was underway. Important 
progress was made toward improving the 
recovery of kyanite from crude ore, and 


in extracting commercial-quality kyanite 
concentrates from the magnetic rejects 
presently wasted by producers. The Bureau 
also announced development of a patented 
process for synthesizing high-strength alum- 
inum silicate whiskers suitable for rein- 
forcement of metals and plastics. 


2 Industrial Minerals (London). Lapso Buru, 
Principle (sic) Souce of India’s Kyanite. No. 
1, October 1967, pp. 15-17. 
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On the basis of overall economy and per- 
formance, mullite ranked among the high- 


i ng chambers for vacuum degassing 
of steel. Zirconia and high-alumina pro- 
ducts wergymore stable but considerably 
more expéhsive. High-magnesia products 
have higher thermal conductivity and tend 
to spall under operating conditions.? 

New products included a ceramic honey- 
comb made of mullite, and blown alum- 


M f 18 types of refractories tested for use : 
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inum silicate wool fibers produced from 
melted kyanite. The honeycomb was used 
as a catalyst support in fume abatement 
reactors and as a black body radiation 
emitter, while the silicate wool was used 
as lightweight high-temperature insulation 
in spacecraft, aircraft, and portable boilers. 


3 Osterholtz, C. E., J. E. Werner, and K. 
A. Baab. Stability of Refractories During Vac- 
uum Deoxidization of Steel. Am. Ceram. Soc. 
Bull., v. 45, No. 12, December 1966, pp. 
1067-1070. 


P 


Lead 


By Donald E. Moulds ' 


The domestic lead industry in 1967 
experienced a reversal of the upward 
trend in production of primary and 
secondary lead initiated in 1963 and in 
consumption since 1960. In the first 6 
months of the year the upward trend in 
primary production was maintained, with 
a 7-percent increase in mine output and 
a 5-percent increase in primary metal 
compared with the first 6 months of 1966. 
However, the strike, beginning on July 1 
and extending into 1968, at primary 
smelters and refineries operated by Amer- 
ican Smelting and Refining Company and 
International] Smelting & Refining Co., 
significantly reduced metal ouput in the 
latter half of 1967 and also output at 
many mines dependent on these smelters. 
Lead consumption held relatively stable 
during the first 6 months with only a 1- 
percent reduction compared with the first 
6 months of 1966, but fell more severely 
in the second half to a total for the year 
of 1.26 million tons, some 5 percent below 
the record 1.32 million tons in 1966. 
Imports of metal were at a record high 
level especially in the last 2 months of the 
year. The 374,000 tons imported in 1967 
represented a 29-percent increase over 
the record high total of 1966 and indicated 
a favorable domestic demand induced by 
curtailed domestic production. Sales of 
Government lead were, however, small 
in comparison with those in prior years. 


Stocks of metal at yearend indicated a 
relatively balanced supply and demand 
with primary metal stocks only 800 tons 
above the abnormally low 22,600 tons at 
the opening of the year. Consumer stocks 
increased only 15,400 tons, principally as 
refined soft lead. 

The free 1967 world market position 
was also one of relative balance. The 
indicated mine production of 2.39 million 
tons, some 1.7 percent above that of 1966, 
augmented by secondary metal, resulted 
in a refined metal output of 3.02 million 
tons, a 0.6 percent gain, and compares 
with a 3.05-million-ton consumption of 
metal from all sources including Com- 
munist exports and U.S. stockpile. Pro- 
ducer stocks in the free world were in- 
dicated to have reached a high of 233,- 
000 tons in April and thereafter decreased 
gradually to end the year at 180,000 tons. 

The price of lead in the United States 
remained stable at 14 cents per pound, 
New York, throughout the year. The 
London Metal Exchange price opened 
the year at approximately 10 cents per 
pound (U.S. equivalent), gradually 
climbed to an average of 10.51 cents for 
the month of August, and then declined 
within a narrow range to end the year 
at 10.12 cents per pound (U.S. equivalent 
of the devalued pound). 


1 Commodity specialist, Division of Mineral 
Studies. 
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Table 1.—Salient lead statistics 
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1963 1964 1965 1966 1967 
United States: 
Production: 
Domestic ores, recoverable lead con- 
tent. sum odo ee short tons. 253,369 286,010 801,147 327 , 368 316,931 
Value... ........... thousands. $54,727 $74,936 $93,959 $98,964 $88,741 
Primary lead (refined): 
From domestic ores and base 
bullion.......... short tons. 239,660 294,254 305,007 318,646 258,507 
From foreign ores and base 
bullion short tons.. 155,072 155,175 113,242 122,089 121,387 
Antimonial lead (primary lead con- 
ten short tons 9,256 8,607 6,612 11,182 9,083 
Secondary lead (lead content) 
short tons.. 493,471 541,582 575,819 572,834 553,772 
Exports of lead materials excluding scrap 
short tons 1,092 10, 194 7,811 5,435 6,536 
Imports, general: 
Lead in ores and matte do.... 147,742 123,257 122,661 143,991 124,067 
Lead in base bullion. ........ do.... 5,437 4,838 566 ,012 152 
Lead in pigs, bars, and old 
short tons. 235,902 212,898 226,883 288,821 373,887 
Stocks Dec. 31 (lead content): 
At primary smelters and refineries 
short tons. 120,836 84,398 83,443 115,473 125,479 
At consumer polants do.... 119,930 113,444 109,195 90,306 105,786 
Consumption of metal, primary and sec- 
T soken short tons... 1,163,358 1,202,138 1,241,482 1,323,877 1,260,516 
Price: New York, common lead, average, 
cents per pound SUMUS MEETS 11.14 13.62 16.00 15.12 14.00 
World: 
Production: 
Mie. eununus short tons 2,775,267 2,789,317 2,977,461 3,131,095 3,132,887 
Smelter- -` -------------- do.... 2,667,567 2,784,736 2,880,565 2,988,850 3,076,348 
Price: London, common lead, average, 
cents per Dound. ............... s.c. 7.93 12.59 14.37 11.87 10.28 


Legislation and Government Programs. 
—The Lead and Zinc Mining Stabilization 
Program was reactivated in October 1966 
when the price of lead dropped below 
14.5 cents per pound. Since the rules and 
regulations were changed to meet the 
revisions of Public Law 89-239, 57 of 
the 138 applicants were certified as 
eligible for supplemental payments under 
provisions of the program. Payments made 
in 1967 on lead sales in the last quarter 
of 1966 and on sales in 1967 totaled 
$48,852 on 6,733 tons of lead. Total 
payments on lead and zinc since inception 
of the program in October 1961 through 
1967 amounted to $2.28 million of which 
$1.2 million was paid to 29 presently 
active participants and $1.1 million to 57 
inactive or presently ineligible participants. 

Government participation in explora- 
tion projects, primarily for lead, was 
withdrawn at the end of June 1962. The 
desire to augment national resources of 
antimony, bismuth, copper, and silver 
has, however, resulted in exploration as- 
sistance through the Office of Minerals 
Exploration, U.S. Geological Survey, 
which indirectly benefits the domestic 
lead resource base. 


Legislative proposals for a system of 
flexible import controls on lead and zinc 
ore, metal, and certain manufactured 
articles, based on the relationship of 
primary producer stocks to producer 
shipments of refined metal, submitted 
in the first session of the 89th Congress, 
was approved by the Interior and Insular 
Affairs Committee of the Senate but no 
further action was taken prior to ad- 
journment. The proposed legislation 
would authorize the Secretary of the 
Interior to impose import restrictions on 
ores, metal, and certain manufactured 
articles containing lead and/or zinc 
under certain prescribed statistical deter- 
minations. 

Sale of government stockpile surplus 
lead, under Public Law 89-9 enacted 
March 1965, was conducted by General 
Services Administration on an open-sale, 
shelf-item basis throughout the year. 
Total sales in 1967 were 16,800 tons of 
which 15,300 tons was for domestic 
commercial consumption and 1,500 tons 
for government use. Withdrawals from 
inventory amounted to 27,500 tons dur- 
ing the year, thus reducing the total 
government lead inventory to 1,193,280 
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tons valued at $334 million and an addi- 
tional 10,500 tons of antimonial lead 
valued at $3.1 million. The lead remain- 
ing for sale at yearend under the present 
200,000-ton authorization, amounted to 
26,460 tons for commercial consumption 
and 46,900 tons for government use. 

The 11th session of the International 
Lead and Zinc Study Group was held in 
Geneva, Switzerland, on October 6-12 
and was preceded by meetings of the 
various committees of the Study Group. 
Representatives of 25 countries attended 
and reviewed world statistics and estimates 
of production and consumption of lead 
for 1967 and 1968. The review concluded 
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that the relative balance indicated for 


1967 could change to a supply surplus of 
180,000 tons: provided the forecast of ex- 
panded output in the various countries 
was achieved. Discussions of the Study 
Group on matters of concern to the 
various countries included liberalization 
of trade, orderly marketing, price stabiliza- 
tion, and promotion of consumption. 

The International Lead-Zinc Research 
Organization, incorporated in 1965 by 25 
sponsoring companies located in eight 
countries, continued a $1.5 million pro- 
gram of research and development related 
to the use of lead and zinc in all end-use 
areas. 
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Figure 1. Trends in the lead industry in the United States. 
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DOMESTIC PRODUCTION 


MINE PRODUCTION . 


Domestic output of lead during the 
first 6 months of 1967 continued the up- 
ward trend initiated in 1963 and for the 
January-June period totaled some 8,000 
tons (5 percent) above the like period in 
1966. The total of 316,900 tons for the 
year, however, was 10,400 tons (3 per- 
cent) below that of the prior year and 
reflected curtailed operations in the 
Western States resulting from strike closure 
of several leading lead mines, inability of 
other mines to market concentrates, and 
the lack of byproduct lead from strike- 
closed copper and zinc mines and refining 
plants. December output of 21,900 tons of 


recoverable lead, also strike-curtailed, was 


the lowest since April 1963. The most 
severe tonnage reductions 
Idaho, Montana, Utah, and Washington. 
Output of lead in Montana was reduced 
primarily by the termination of operations 
at The Anaconda Company’s zinc mines, 
which also recovered associated lead. 
Washington production declined due to 
the termination of output at the Van 
Stone mine on May ] and to strike- 
curtailed output at the Pend Oreille mine. 
Strikes at the Lucky Friday and Galena 
mines in Idaho and United Park City 
and Tintic mines in Utah accounted for 
most of the decline in these States. Mis- 
souri contributed 48 percent of the 
domestic output in 1967 and posted a 
15-percent gain over that of 1966 as new 
St. Joseph Lead Co. developments initiated 
production. Of the total domestic lead 
produced, four States produced 91 per- 
cent with Missouri contributing 48 per- 
cent; Idaho, 19 percent; Utah, 17 percent; 
and Colorado 7 percent. 

Activity in the lead belt of Missouri 
continued at the high level of recent 
years as construction and development 
of new mines proceeded toward comple- 
tion. St. Joseph Lead Co. continued lead 
concentrate production at the Federal, 
Indian Creek, and Viburnum mines and 
the new Fletcher mine and mill, produc- 
ing 224,233 tons of lead concentrates in 
comparison with 189,225 tons in 1966. 
The Fletcher plant became operational in 
February and processed 509,163 tons of 
ore by yearend. Zinc is presently re- 
covered from the ore and construction of 
a copper circuit was in progress. The 


occurred in 


new Goose Creek shaft to open ore reserves 
north of the Indian Creek mine was 
bottomed at 1,180 feet and surface 
facilities completed. First production from 
this mine is expected in the third quarter 
of 1968. A new rail connection from 
Keysville to Buck, Mo., was completed 
by the St. Louis-San Francisco Railway 
Co. in mid-1967. This connection will 
provide all rail haulage of concentrate 
from the Viburnum mine to Herculaneum 
smelter and reduce the truck haulage 
distance for Fletcher concentrates.” 
Construction of the fully integrated lead 
mine, mill and smelter complex of Mis- 
souri Lead Operating Co., a joint venture 
of American Metal Climax, Inc., and 
Homestake Mining Co., was nearing com- 
pletion. Startup of the 50,000-ton annual 
lead capacity mine and mill and 100,000- 
ton-capacity smelter was expected in mid- 
1968.5 Cominco American Inc., a joint 
venture of Cominco Inc. and Dresser 
Industries, Inc., continued development 


.and construction. at its Magmont mine- 


mill complex. The planned capacity of the 
plant is 50,000 tons of lead in concentrates 
annually and was expected to begin 
operations in mid-1968. The concentrates 
will be smelted at the Missouri Lead 
Operating Co. smelter. Ozark Lead Co., 
a subsidiary of Kennecott Copper Corp., 
continued development and construction 
of the 60,000-ton annual lead capacity 
mine-mill complex at the Ellington mine 
with a scheduled startup in mid-1968. 
Sufficient ore had been stockpiled to 
more than meet requirements for the first 
year’s operation.“ Construction of the new 
lead smelter and refinery at Glover, Mo., 
by American Smelting and Refining Com- 
pany, proceeded on schedule with startup 
expected in mid-1968. This smelter, with 
an initial monthly capacity of 5,500 tons 
of refined lead, will operate as a custom 
smelter handling concentrates from Ozark 
Lead Co. and other mines in the area.® 
The development of the Higdon ore body 
near Fredericktown, Mo., a joint venture 
of National Lead Co. and The Bunker 


2 2 Joseph Lead Co. Annual Report. 1967, 
pp. 7-8. 
3 American Metal Climax, Inc. Annual Re- 
port. 1967, p. 10. 

4 Cominco Ltd. Annual Report. 1967, p. 8. 

5 Kennecott Copper Corp. Annual Report. 
1967, p. 11. 

6 American Smelting and Refining Company. 
Annual Report. 1967, p. 7. 
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Hill Co., previously scheduled for com- 
pletion in 1968, was indefinitely post- 
poned during the year. 

In other lead-producing areas, especially 
those producing silver, the search for new 
ore went forward at an accelerated rate 
throughout the year. Of special note was 
the joint venture projects in the Coeur 
d'Alene region in which unitization agree- 
ments have been completed to conduct 
deep exploration of adjacent properties. 
The Bunker Hill Co., Hecla Mining Co., 
and American Smelting and Refining 
Company have undertaken active explora- 
tion under this type of agreement. Opera- 
tions along similar lines were undertaken 
in Colorado, Nevada, and Utah. 

The Burgin mine of Kennecott Copper 
Corp., in the Tintic District, Utah, was 
closed by strike on July 15 for the 
remainder of the year. Production of lead 
in direct smelting ore, however, was 14,- 
500 tons in comparison with 18,300 tons 
in 1966. Expansion programs were to be 
undertaken to increase the mining rate, 
and testing and design for a proposed 
500-ton-per-day concentrator were com- 
pleted. The Mayflower mine in the Park 
City District, Utah, operated by Hecla 
Mining Co., operated throughout the year 
as did the U.S. and Lark mine of United 
States Smelting, Refining and Mining Co. 
United Park City Mines were closed 
by strike on July 15, as was the Tooele, 
Utah, smelter of International Smelting 
and Refining Co. The smelter closure 
necessitated the storage of lead concen- 
trates at various concentrating plants 
serving the operating mines throughout 
the last half of 1967. 

Colorado output decreased slightly in 
1967 although operations were essentially 
uninterrupted at the major mines— 
Idarado Mining Co. New ]ersey Zinc 
Co., Standard Metals Mining Co., 
Federal Resources Corp., and Emperius 
Mining Co. Exploration and development 
activity was at a high level in 1967, 
especially in the areas of historic silver 
mines. In the Leadville, Creede, San 
Juan, Ouray, Clear Creek, and Gilpin 
districts plans were reportedly in process 
for concentration mills to treat the com- 
plex silver-bearing base-metal ores. 

In Idaho, production at The Bunker 
Hill Co. mines was uninterrupted but the 
tonnage of ore mined at the Bunker Hill 
and Star Unit area mines was well below 
the 1966 level. However, as the ore was 
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of higher grade, lead output was only 
1,100 tons lower than in 1966. As a 
result of strike closure of the Lucky Fn- 
day mine on October 15 which continued 
through the remainder of the year, the 
Hecla Mining Co. produced significantly 
less lead from its Coeur d’Alene mines. 
The Galena mine of American Smelting 
and Refining Company was. closed by 
strike on July 15. 

The outlook for domestic lead produc- 
tion is exceptionally promising for 1968 
after termination of the strike in the 
Western mining and smelting area. The 
expected addition of three major produc- 
ing mines in Missouri, the initiation of 
production from reportedly high-grade 


deep-level developments in the Coeur 
d'Alene area, and new concentrating 
facilities in Utah and Colorado will 


significantly increase output in 1968 and 
again in 1969, as these new plants post 
the first full year of operation. 


SMELTER AND REFINERY PRODUCTION 


The production of lead metal from 
primary materials during the first half 
of 1967 was at a rate approximately 6 
percent above that of the like period in 
1966. The strike at smelters and refineries, 
beginning on July 1 at the Omaha plant 
and extending on July 15 to the remain- 
ing Selby, Calif., El Paso, Tex., and East 
Helena, Mont., plants of American Smelt- 
ing and Refining Company and the Tooele, 
Utah, smelter of International Smelting 
and Refining Co., curtailed output 
throughout the rest of the year. Total 
production was thus 379,900 tons of 
refined lead and 9,100 tons of antimonial 
lead, a reduction of 63,900 tons or 14 
percent in relation to the prior year. The 
November output of primary lead was the 
lowest recorded since November 1958, 
when strikes also curtailed production. The 
Herculaneum smelter of St. Joseph Lead 
Co. and smelters and refineries operated 
by Eagle-Picher Industries, Schuylkill 
Products Co., and United States Lead 
Refinery, Inc., operated throughout the 
year although primary material at the 
Schuylkill and United States Lead Refinery 
was supplemented by secondary materials. 
The value of primary refined lead again 
declined in average price per pound re- 
flecting the usual 6-mill differential in 
respect to average quoted price at New 
York for common lead. The total value 
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indicates a $26.9 million drop in com- 
parison with that of 1966. 

The expansion program increasing ca- 
pacity at the Herculaneum, Mo., smelter 
of St. Joseph Lead Co. to over 200,000 
tons of refined lead annually, was com- 
pleted early in 1967 after a conversion 
shutdown period begun in December 
1966. Herculaneum production from com- 
pany concentrates in 1967 totaled 120,207 
tons of lead metal in comparison with 
90,729 tons in 1966. Output curtailed by 
equipment adjustments approached capac- 
ity during the closing months of the year. 

Operations at the Tooele, Utah, 
smelter of International Smelting & Re- 
fining Co. were suspended on May 18 
in the wake of an explosion in the air 
blower system, without employee injury, 
which necessitated extensive repairs prior 
to resumption of operations in Jate June. 

The 50th anniversary of the blowing 
in of the Bunker Hill lead smelter was 
observed in July. In the period, starting 
July 5, 1917, the plant has produced over 
3.3 million tons of lead and 368 million 
ounces of silver. The modernization and 
expansion program continued at the 
smelter with installation of a downdraft 
sintering machine and exhaust gas system 
underway to eliminate air pollution and 
increase sulfuric acid plant output. 

Secondary lead output decreased about 
19,100 tons to 553,800 tons from the high 
level of 1966. Primary plants reported an 
output of only 10,300 tons of secondary 
lead in comparison with 19,800 tons in 
1966. The major demand continued in 
antimonial lead with a record output of 
288,700 tons, 52 percent of the total 
secondary. The major decline was in other 
lead alloys, which decreased from 23 per- 
cent of the total in 1966 to 21 percent. 
Soft lead output continued at about the 
same level undoubtedly reflecting some 
demand resulting from the decreased 
domestic primary output of refined lead. 
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Secondary lead in 1967 represented 59 
percent of the domestic production of lead 
from all materials and 43 percent of total 
supply including metal imports for con- 
sumption. This compares with 56 per- 
cent and 44 percent, respectively, in 1966. 

Raw Material Source.—The domestic 
component of smelter feed reversed the 
upward trend of recent years and rep- 
resented 68 percent of the 389,000 tons 
of primary metal in comparison with 72 
percent of the 451,900 tons in 1966. Im- 
ported ores and bullion supplied 125,000 
tons of metal. The smelting of scrap at 
primary plants continued to decrease from 
the high of 1965 and in 1967 contributed 
only 10,300 tons, principally as antimonial 
lead. Raw materials and material in process 
at primary plants at the beginning of the 
year totaled 136,200 tons, lead content, of 
which 94,900 tons was primary and sec- 
ondary materials for smelting and 41,300 
tons was in the process of smelting and re- 
fining. Stocks of materials were gradually 
built up to a high of 164,900 tons at the 
end of October and then drawn down to 
end the year at 150,300 tons, of which 
105,000 tons was available for smelting 
and 45,300 tons was in the process of 
smelting. ! 

Consumption of scrap materials during 
the year was 726,300 tons, gross weight, 
in comparison with 741,000 tons in 1966 
and 748,300 tons in 1965. Receipts of 
scrap at consuming plants were essentially 
in balance with consumption, with stocks 
ranging from 52,800 tons at the beginning 
of the year to lows of 47,200 tons in 
March and September, and ending the 
year at 58,000 tons. Battery plates supplied 
73 percent of the old scrap consumed in 
comparison with 70 percent in 1966, and 
drosses and residues from manufacturing 
and foundry sources accounted for all 
of the new scrap processed amounting to 
101,100 tons in comparison with 112,000 
tons in 1966. 


CONSUMPTION AND USES 


Consumption of lead declined in 1967 
after five successive years of growth cul- 
minating in the record high of 1.32 million 
tons in 1966. Total consumption of 1.26 
million tons in 1967 represented a decrease 
of 63,400 tons or 4.8 percent. Industry 
requirements again exceeded 100,000 tons 
monthly except for February and the 
vacation month of July. Consumption in 


each month except January and April, 
however, was well below that of the cor- 
responding month in 1966. The daily aver- 
age was 3,453 tons in comparison with the 
3,627-ton average in 1966. The decrease 
in consumption was distributed over all 
types of lead—soft lead, antimonial lead, 
and lead alloys—and over all product 
categories except chemicals. The two 
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major uses of lead— batteries and gasoline 
antiknock compounds—held up well, how- 
ever, with battery requirements down 
only 5,800 tons (1 percent) and antiknock 
compounds slightly increased. These two 
major end products required almost 57 
percent of the total lead consumed and 
ammunition moved into third place in 
1967 supplanting red lead and litharge. 

The requirements for ammunition have 
increased 29,000 tons since 1963, in- 
fluenced by increased military needs as 
well as the use of sporting ammunition. 
The relatively unchanged requirements for 
collapsible tubes, foil, plumbing, white 
lead, and pigments was noteworthy. A 
significantly lower consumption in calking 
lead accelerated the downward trend in 
this use area and solder requirements, 
after a slight gain in 1966, were much 
lower in 1967. The use of lead in red 
lead and litharge, after an abnormally 
high level in 1966, decreased to approxi- 
mately the level existing in 1964-65 and 
requirements for type metal and terne 
metal continued to decline. 

The manufacture of storage batteries, 
the largest use of lead, consumed 245,200 
tons of soft lead and 221,500 tons of lead 
in antimonial lead in comparison with 
237,400 tons of soft lead and 234,600 tons 
of antimonial lead in 1966. Batteries are 
of two categories-—starting-lighting-igni- 
tion (S.L.I.) batteries used in conjunc- 
tion with internal combustion engines and 
the industrial batteries used for power, 
lighting, and communications. Industrial 
batteries over the past 8 years have re- 
quired from 10 to 12 percent of the total 
lead used in batteries. Shipments of S.L.I. 
batteries both for original equipment and 
replacement, totaled 41.5 million units in 
1967 in comparison with 43 million units 
in 1966. Shipments of replacement batter- 
ies, only slightly below the 1966 total, rep- 
resented 77 percent of the total; original 
equipment batteries, down to 9.3 million 
from 10.7 million units in 1966, rep- 
resented 22 percent; and export of 
204,400 batteries accounted for the re- 
maining ] percent. Technological advances 
in battery manufacture and in improved 
charging equipment has materially reduced 
the weight of lead per battery unit to the 
present average of 18.8 pounds and has 
increased battery life from an average of 
20 months in 1950 to 27 months in 1966. 
Greater emphasis on methods of combat- 
ing air pollution has served to point up the 
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dependability, material availability, low 
cost, and advanced engineering qualifica- 
tions of the lead-acid battery for electric- 
powered transportation. 

The use of lead in antiknock compounds 
posted a remarkable gain from the 
168,900 tons used in 1962 to the 246,900 
tons in 1966. The gain of only 291 tons 
in 1967 reflects, in part, the decreased lead 
content per gallon of gasoline and also a 
declining export market. New antiknock 
compound plants in Greece, Mexico, 
Canada, and Japan as well as expansion 
of plants in other countries has decreased 
the dependence of foreign areas on U.S. 
supplies. Future growth will be to a large 
extent dependent on increased domestic 
gasoline consumption and, also, the extent 
to which gasoline refining is extended 
toward higher octane ratings to combat 
air pollution. 

Historic lead consumption in bearing 
metal, construction, type metal, solders, 
paints, and other miscellaneous uses does 
not appear to have a growth potential and 
in fact in many areas is being supplanted 
by other materials or processes. The em- 
phasis of research and commercial appli- 
cation to increase lead usage appears cur- 
rently to be in the area of sound 
attenuation, vibration dampening, corro- 
sion- resistant coverings, and organolead 
chemicals. 

Lead foil and sheet is presently available 
in gages and strength necessary for sound- 
proofing of building partitions and the 
efficiency of lead has been well demon- 
strated. Methods for applying lead cover- 
ings to metal, plastics, and concrete have 
been worked out to utilize the noncorrosive 
quality of lead without excessive weight 
involvement. Improved paints and special- 
ized soldering alloys are also available. The 
field of organolead compounds is promis- 
ing in both quantity and scope and in- 
cludes such uses as catalysts, cattle foods, 
pesticides, fungicides, and plastics. 


LEAD PIGMENTS 


The lead content of pigments produced 
in 1967 decreased for all items except 
black oxide. The total lead contained in 
the various pigments and oxides amounted 
to 317,600 tons in comparison with 
331,300 tons in 1966, and reversed the 
growth trend of the previous 6. years. 
Black oxide for batteries consumed 61 
percent of the total pig lead in comparison 
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with 58 percent in 1966. Litharge, the 
other large item, consumed 28 percent in 
comparison with 30 percent in 1966. 

Distribution of shipments of pigments 
and oxides reflected the dimishing require- 
ments for white lead and red lead in the 
paint industry. The ceramic requirements 
for white lead, red lead, and litharge also 
decreased as did the use of litharge in oil 
refining, rubber processing, and varnish 
manufacture. Manufacturers! shipments not 
specificially defined as to end product rep- 
resent a major tonnage of white lead, red 
lead, and litharge and a substantial decline 
was posted for the “Other” categories for 
each of these materials in comparison to 
the high requirements of 1966. 


Prices.—The quoted price of lead pig- 
ments and oxides was unchanged during 
the year reflecting the stable price of lead. 
Basic carbonate white lead was quoted at 
20.5 cents per pound in carload lots, 
freight allowed. Red lead, 95 percent 
Pb3O,, in carload lots, at works, was 
quoted at 16.75 cents per pound effective 
in mid-October 1966. The price of 
litharge was 16.25 cents per pound for 
commercial grade, powdered, in carload 
lots, at works, also effective in mid-October 
1966. 

Shipments of dry white lead declined in 
average value per ton from $412 to $407 
while the average value of white lead in oil 
increased from $658 to $677 per ton. The 
total valuation of white lead shipments 
decreased about $1.3 million. Red lead 
shipments declined in average value from 
$361 to $342 per ton and litharge from 
$341 to $321 per ton and total value de- 
creased $5.4 million. The total value of 
shipments of white lead, red lead, and 
litharge was $46.8 million, a decrease of 
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16 percent in comparison with the $56 
million value in 1966. 


Foreign Trade.—The export of lead 
oxides, pigment grade, including com- 
pounds of lead arsenate and others, de- 
creased from 2,600 tons valued at $1.04 
million in 1966 to 1,909 tons valued at 
$772,500 in 1967. Canada was the lead- 
ing importer at 666 tons followed by the 
United Kingdom, 175 tons and South 
Viet-Nam, 115 tons. Twelve other 
countries received shipments ranging from 
15 to 84 tons and small shipments aggre- 
gating 213 tons were consigned to various 
other countries. 

Imports for consumption of lead pig- 
ments and compounds was slightly higher 
in tonnage but declined in value some 
$784,000. White lead was received, in 
order of importance, from West Germany, 
Canada, Netherlands, the United King- 
dom, and Japan. Red lead was chiefly 
supplied by Mexico (45 percent), France 
(26 percent), and West Germany (25 
percent), with Denmark, the United King- 
dom, and Belgium-Luxembourg the other 
suppliers. Litharge, representing 80 per- 
cent of the lead pigments and compounds 
imports, was predominantly from Mexico, 
98 percent, with France, West Germany, 
Belgium-Luxembourg, Netherlands, and 
Canada the other sources. Other pigments, 
including leaded zinc oxide, blue lead, 
orange mineral, and unspecified, aggre- 
gated 74 tons and came predominantly from 
West Germany and the United Kingdom. 
Lead nitrate imports of 220 tons from the 
United Kingdom and Republic of South 
Africa and 130 tons of unspecified lead 
compounds, mainly from Canada, made up 
the 350 tons of other lead compounds. 


STOCKS 


The stock position of all segments of 
the lead industry improved in 1967 
although still well below normal levels. 
Primary producer stocks of refined lead at 
the beginning of the year amounted to 
16,200 tons and antimonial lead stocks 
were 6,400 tons. The combined stocks 
gradually increased through May to 33,700 
tons, declined to close the year at 18,200 
tons of refined lead and 5,200 tons of 
lead in antimonial lead. The combined 
stocks of metal at primary plants has thus 


ranged from 25,200 tons in 1965 to 22,600 


tons in 1966 and 23,400 tons in 1967. The 
total lead in primary materials, including 
ore, bullion, in process, in transit, and re- 
fined, as reported by the American Bureau 
of Metal Statistics at yearend 1967 was 
189,900 tons in comparison with 177,100 
tons at yearend 1966 and the low of 
140,800 tons at yearend 1965. 

Consumer and secondary stocks of lead 
in all forms opened the year at 90,300 
tons and increased moderately to a peak 
of 114,200 tons in July and then declined 
to 105,800 tons at yearend. The major 
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increase was in soft lead which comprised 
57 percent of total stocks. Government 
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inventory of lead was reduced 27,500 
tons to ahout 1,193,300 tons. 


PRICES 


The domestic quoted price for common 
lead at New York, after two decreases of 
1 cent per pound in 1966 from the De- 
cember 1964 peak of 16 cents per pound, 
was unchanged at 14 cents per pound 
throughout the year. The foreign market, 
as illustrated by the London Metal Ex- 
change, was relatively stable with daily 
fluctuations within a narrow range. The 
average monthly price in U.S. currency 
equivalent ranged from a low of slightly 
under 10 cents per pound in January to 


FOREIGN 


The foreign market for domestic raw 
materials and refined metal continued 
unfavorable during 1967. The 1,000-ton 
increase in refined exports resulted mainly 
from larger metal shipments to Japan and, 
also, increased small-lot shipments to other 
countries. Scrap shipments abroad con- 
tinued to decline indicating the upward 
trend in lead raw material availability at 
the European smelters. 

General imports of ore and bullion 
during the first 6 months of 1967 were 
15,800 tons or 23 percent above the re- 
ceipts during the like period in 1966. The 
strike closure of domestic smelters relying 
on foreign ores during the last half of the 
year resulted in a 15-percent decrease for 
the year. General imports of metal, how- 
ever, posted a 38-percent increase for the 
first 6 months and 27 percent for the year 
in comparison with the like periods in 
1966. A large tonnage of lead in ore was 
moved from bond into commercial channels 
in 1967 and imports for consumption ex- 
ceeded general imports by over 20,000 
tons. Metal deliveries were entered for 
duty payment as landed and general im- 
ports and imports for consumption were 
identical in 1967. General scrap receipts 
were about 900 tons above the amount 


a high of 10.51 cents in August. The dif- 
ferential of 3.5 to 4 cents per pound be- 
tween the domestic and foreign price was 
well above the generally accepted 2-cent 
additional cost of landing foreign metal at 
New York. The domestic market was thus 
a favorable market throughout the year. 

The Government price for stockpile lead 
was at the industrial quoted price for 
equivalent grades at time of sale, f.o.b., 
the various General Services Administra- 
tion storage areas. 


TRADE 


entered for consumption. The value of 
ore and bullion imported for consumption 
was $30.3 million indicating an average 
value of $209 per ton in comparison with 
$220 in 1966. The value of metal was 
$88.7 million, an average of $244 per 
ton compared with $264 the previous 
year. Imports of fabricated lead as sheets, 
pipe, and shot increased about 300 tons 
to continue the upward trend. 

Four countries—Australia, Bolivia, Can- 
ada, and Mexico—contributed 93 percent 
of the ore imports and all entered for 
consumption, duty paid, a larger tonnage 
than landed in 1967 indicating the draw- 
down of bonded stocks. Peru was the lead- 
ing metal supplier with 19 percent of the 
total followed by Mexico, Australia, West 
Germany, Canada, and Yugoslavia. These 
six countries contributed 82 percent of 
the metal entered. Of special note was 
the 90,000 tons of metal received from 
European smelting centers—Belgium- 
Luxembourg, West Germany, and United 
Kingdom—in comparison with 21,100 
tons in 1966. This reflects in part the 
movement of free world surplus stocks to 
compensate for the strike-curtailed do- 
mestic output. 


WORLD REVIEW 


Statistical summaries of world produc- 
tion and consumption of lead compiled 
by the Bureau of Mines, American Bureau 
of Metal Statistics (ABMS), and the 
International Lead and Zinc Study Group 


vary widely in reporting base, reporting 
sources, and estimating necessity. The 
Bureau of Mines reports, insofar as pos- 
sible, production in ore on a recoverable 
content basis whereas the Lead and Zinc 
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Study Group reports on an ore content 
basis. Therefore, free world mine pro- 
duction totals range from the ABMS 
total of 2.28 million tons through the 
2.372-million-ton estimate of the Bureau 
of Mines to the 2.385 million tons of the 
Lead and Zinc Study Group. Smelter 
output also varies widely with the Bureau 
of Mines presenting primary lead insofar 
as possible in contrast to the Lead and 
Zinc Study Group which reports metal 
production from both primary and second- 
ary materials. Free world smelter output 
thus ranges from the Bureau of Mines total 
of 2.22 million tons through the ABMS 
total of 2.40 million tons to the Lead 
and Zinc Study Group total of 3.017 mil- 
lion tons. As the Lead and Zinc Study 
Group reports free world lead consumption 
on the same basis as smelter metal produc- 
tion, the Group's figures are used hereafter 
for comparative purposes. 

The upward trend in lead production 
in many countries, initiated in 1962, con- 
tinued in 1967 with an indicated free 
world output of 2.39 million tons of lead 
in ores, a 40,000-ton or 2-percent gain 
over 1966. A like gain in the Communist 
sphere in Europe and Asia would indicate 
a world production of 3.3 million tons in 
comparison with 3.15 million in 1966. 

Major gains were registered from newly 
developed mines in Ireland and Canada. 
Expansion of production at mines in 
France, West Germany, Italy, Spain, and 
Sweden also assisted in the 31,000-ton 
increase in Western Europe. The increases 
in Canada, Peru, and Argentina more 
than offset the decreases in the United 
States and Mexico to post a North 
American increase for the year. The Asian 
increase of 6,000 tons was confined to 
Burma and Japan, and Australian produc- 
tion increased 8,000 tons as the labor 
troubles of 1966 eased. African production, 


however, declined about 16,000 tons, 
principally in South-West Africa and 
Morocco. 


Metal production from primary and 
secondary materials in the free world 
gained about 18,000 tons to 3.017 million 
tons in 1967. The Communist area produc- 
tion of metal is estimated to be about 
750,000 tons for a world total of 3.75 mil- 
lion tons in 1967 of which 600,000 tons was 
derived from secondary material. The in- 
crease of 68,000 tons in Europe, primarily 
in West Germany, and 34,600 tons in 
Japan more than offset the 76,000-ton 
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decrease in the Americas and the small 
decrease in Africa and in Australia. Pro- 
ducer stocks in the free world opened the 
year at about 266,000 tons, mounted to 
a high of 372,000 tons in August, and 
thereafter were gradually drawn down to 
close the year at 285,000 tons. 

. The consumption of metal in the free 
world was indicated to be about 3.05 
million tons in 1967, some 22,000 tons 
below the 1966 total and thus reversed 
the upward trend since 1958, the year 
reporting was initiated by the International 
Lead and Zinc Study Group. The con- 
sumption increase of 8,000 tons in Europe, 
23,000 tons in Asia, and 3,000 tons in 
Australia, plus a small increase in Africa, 
did not compensate for the 57,000-ton de- 
cline in the Americas. A slight gain in 
consumption was indicated in Brazil, 
Canada, Mexico, and Peru. Consumption 
in Argentina and the United States, how- 
ever, was substantially lower. 


Argentina.— Compania Minera Aguilar, 
S. A., a subsidiary of St. Joseph Lead Co., 
increased production as a result of higher 
grade mill feed. Expansion of the mine 
and mill was underway for scheduled 
completion in 1968. 


Australia. New Broken Hill Consoli- 
dated Ltd. and North Broken Hill Ltd. 
reported increases in ore milled for the 
fiscal year 1966-67, and Broken Hill 
South Ltd., a slight decline in ore treated. 
The lead content of ores milled at all 
three companies declined from 0.2 to 0.5 
percent. Reserves were increased for the 
Broken Hill area. A labor stoppage of one 
day and a slowdown period of 15 days 
occurred in the June—July period. 

Mount Isa Mines Ltd. milled 1.06 
million tons of lead-zinc ore in comparison 
to 1.2 million tons in the prior 1965-66 
fiscal period. The lead grade, however, in- 
creased from 6.8 to 7.8 percent lead in 
1967. Lead smelter production of 70,400 
tons of lead bullion was the highest on 
record despite problems early in the period 
with the new updraft sintering machine 
commissioned in October 1966. Ore re- 
serves were increased slightly.’ 

Lead bullion produced in Australia at 
the Broken Hill Associated Smelters Pro- 
prietary Ltd. smelter, which is converted to 
refined metal at the plant, and the 
Mount Isa Mines Ltd. smelter, which is 


7 Mount Isa Mines Ltd. Annual Report. 1967, 
pp. 18-19. 
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shipped abroad for refining, was a record 
high in 1967. 


Brazil.—Lead concentrates for the 14,- 
400-metric-ton-capacity smelter at Santo 
Amaro, Bahia, came from the Boquira 
mine in south-central Bahia, the largest 
mine in Brazil. Ore for the Panelas flota- 
tion plant and 9,000 metric ton capacity 
Parana smelter is mined at Panelas and 
at three other properties in the Sao Paulo. 


Canada.—A 5-percent increase in mine 
production to 339,700 tons of lead in ore 
lifted Canada to the position of the third 
largest producer, exceeded only by the 
U.S.S.R. and Australia. Production from 
two new mines that completed their first 
full year of operation accounted for most 
of the increase with the remainder from 
two new mines starting in 1967 and in- 
creased output at other mines. Cominco, 
Ltd., operated the Sullivan and Bluebell 
mines in British. Columbia. Pine Point 
Mines, Ltd., a subsidiary of Cominco in 
the Northwest Territories, was the largest 
individual lead producer in Canada. Pro- 
duction from this operation in 1967 was 
1.52 million tons of milling ore with a 
combined lead-zinc grade of 14.4 percent 
and 333,000 tons of direct-shipping ore of 
45.9 percent lead-zinc. A new 3,000-ton- 
per-day addition to the present 5,000-ton- 
per-day concentrator was under construc- 
tion. Scheduled for completion in late 
1968 the addition will handle ore from 
the adjoining Pyramid ore bodies being 
stripped for open pit production. Produc- 
tion of refined lead at the Trail, British 
Columbia, smelter amounted to 187,600 
tons in comparison to 184,900 tons in 
1966.5 Ecstall Mining, Ltd., a subsidiary 
of Texas Gulf Sulphur Co., operated the 
Kidd Creek mine near Timmins, Ontario, 
throughout the year with the mill reach- 
ing full operation in mid-February. Over 3 
million tons of ore was mined and 43,000 
tons of copper-lead concentrate shipped to 
smelters in the United States. The No. 6 
mine of Brunswick Mining and Smelting 
Corp., Ltd., near Bathurst, New Brunswick, 
completed its first year of operation to 
substantially increase the output from 
the New Brunswick area. Early in 1967, 
East Coast Smelting and Chemical Co., 
Ltd., a subsidiary of Brunswick Mining 
and Smelting Corp., began production of 
lead metal at its Imperial Smelting type 
blast furnace at Belledune, New Brunswick. 
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Mineral exploration and development 
continued to be a major activity in Canada 
with perhaps the most significant develop- 
ment of the year being the announcement 
that Anvil Mining Corp., a subsidiary of 
Cyprus Mines Corp. (60 percent) and 
Dynasty Explorations, Ltd. (40 percent), 
would invest $60 million in a 5,500-ton- 
per-day lead-zinc facility in the Vangorda 
area of the central Yukon Territory. 
Annual production of 370,000 tons of lead 
and zinc concentrates, commencing in 
1969, will be shipped mainly to Japan 
until the feasibility of a smelter is 
determined. 


France.—Mine production was slightly 
above the 1966 level which reflected the 
expansion at the group of mines con- 
trolled by Société Miniére et Métallurgique 
de Penarroya, especially the newly devel- 
oped Largentiers mine. Output of lead at 
the Noyelles-Godault refinery also in- 
creased. Expansion of metallic lead out- 
put from all of the European plants of 
Penarroya in the first half of 1967 was 
reported to have exceeded 12 percent 
compared with that of the like period in 
1966. 


Ireland.—The Irish Base Metals, Ltd. 
operations at Tynagh, Galway, continued 
to expand output in the second year of 
operation. The 42,000 tons of lead in 
concentrates produced in 1966 increased 
to over 60,000 tons in 1967. The other 
major lead-zinc development, Consolidated 
Mogul Mines, Ltd., completed construction 
of concentrator and surface plant and 
development of the mine was approach- 
ing the 2,300-ton-per-day output required 
to start up the conce^trator and achieve- 
ment of the 3,000-ton-per-day capacity 
is expected within 3 months of initial 
production. Official ore reserves at this 
property were reported at 11.4 million 
tons in the main ore body averaging 8.16 


percent zinc, 2.80 percent lead, and 0.81 
ounce of silver. 


Japan.—The output of lead in ore 
continued at essential the same level as 
in the previous year, namely 70,000 tons. 
The 31-percent expansion in refined lead 
capacity in 1966, predominantly by the 
Harima Imperial Smelter of Sumitomo 
ISP Co., Ltd., and the Naoshima smelter 
of Mitsubishi Cominco Ltd. was, how- 
ever, reflected in the record output of 


8 Cominco, Ltd. Annual Report. 1967, p. 6. - 
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165,300 tons of lead in 1967, an increase 
of 34,600 tons. Six Japanese lead and 
zinc smelting companies initiated a joint 
venture to build an Imperial Smelting 
Process plant at Hachinohe, scheduled to 
be operating by October 1968 with a 
capacity of 5,000 tons of zinc and 2,500 
tons of lead monthly. 


Mexico.—Output of lead declined 
slightly owing to the generally declining 
content of ores mined. Expansion of pro- 
duction facilities was underway at many 
of the mines with substantial increases in 
ore and concentrate production anticipated 
when the modernization projects are com- 
pleted. Cia. Minera Los Angeles, S.A., 
completed construction of a 100-ton-per- 
day lead oxide smelter in the Ocampo, 
Coahuila, area to smelt accumulated 
reserves of lower grade ore previously 
unprofitable for shipment to the Penoles 
smelter in Torreon. Compania Fresnillo, 
S.A. and Zimapan, S.A., 49 percent owned 
by The Fresnillo Co., Inc., produced 
41,100 tons of lead in the 1966—67 fiscal 
year from the Fresnillo, Naica, and 
Zimapan units, slightly lower than in the 
prior year with reserves increased slightly. 
Substantial progress was made in develop- 
ment of the new Amaltea and Rubi mines 
near Talpa in the State of Jalisco with a 
200-ton-per-day mill completed and about 
to commence production. Development of 
the Sombrerete mine was encouraging.? 
Asarco Mexicana, S.A., 49 percent owned 
by American Smelting and Refining 
Company, reported 77,700 tons of refined 
lead produced in 1967 compared with 
83,900 tons in 1966.10 


Peru.—Companía Minerales Santander, 
Inc, a St. Joseph Lead Co. subsidiary, 
continued with development of the 
underground mine with open pit produc- 
tion scheduled to be phased out in the 
fourth quarter of 1968. Production at the 
Cerro de Pasco Corp. complex of base- 
metal facilities in Peru was adversely af- 
fected by a 1-week strike at the mines and 
a 2-week strike at the metallurgical plants 
in 1967. Lead production amounted to 
90,000 tons compared with 97, 600 
tons in the prior year. Forty-three percent 
of the lead came from purchased ores 
versus 48 percent in 1966. 
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U.S.S.R.—The lead- zinc industry was 
reported to be engaged in an expansion 
program that will result in a substantial 
increase in lead output, recently estimated 
at over 400,000 tons annually. Improve- 
ment of extraction processes, modernization 
of mining equipment, and techniques and 
development of new ore bodies is a major 
objective in the current 5-year plan." New 
Capacities and extensions to be carried out 
through 1969 have been reported to total 
400,000 tons of lead and 600,000 tons of 
zinc for world markets. 


Yugoslavia—The ` lead anc industry 
continued to emphasize exploration and 
development in 1967. In recent years 
some 12 million tons of new reserves have 
been established in Serbia. A new lead- 
zinc mine was opened at Novi Pazar, in 
the Kosovska Metrovica deposits. The 
Ajvalija, Kiznica, mines were being 
modernized and open pit production 
developed. At the Podvirovi mine in Besna 
Kobila shafts were sunk in an ore deposit 
reported to contain 200,000 tons of ore 
analyzing 9.7 percent lead, 8.7 percent 
zinc, 2.2 percent copper, and 130 grams 
of silver per ton. Trepca Lead and Zinc 
Mines and Refineries obtained a $7 million 
loan from a group of London banks to ex- 
pand production to an expected 150,000 
tons of pig lead annually in relation to 
the 1967 rate of about 100,000 tons. 


Other Countries.—Output in the African 
countries was indicated to be substantially 
below that of the prior year. An Algerian- 
Moroccan border dispute involving ore 
movement across the frontier was unre- 
solved. The nationalization of Tunisian 
mines, under the Société Tunisienne 
d'Expansion Miniére, was reported to have 
accelerated prospecting and the opening of 
two new lead-zinc mines. The Republic of 
South Africa output, centered in the 
operation of the Tsumeb and Kombat 
mines and smelter of Tsumeb Corp., Ltd., 
was below the 1966 level with a substantial 
drop in lead ore produced and a 7-percent 
decline in metal output. | 


9 The 
1967, p. 8. 

10 'American ree and Refining Company. 
Annual Report. 1967, 

11 Chumak, Z. ; Pmhe Lead-Zinc Industry 
During the Fifty Years' Existence of the Soviet 
State. Tsvetnyye Metally. (English Transl.), 
No. 8, August 1967, pp. 5-13. 


Fresnillo Company. Annual Report. 
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TECHNOLOGY 


The metallurgical, environmental, and 
end product areas of lead continued to 
attract major research interest. 

The technical problems in concentration 
of the complex black ores of Japan and 
methods of solving these problems at 
various Japanese plants were discussed.“ 
The combined effort of The Bunker Hill 
Co. and Sherritt Gordon Mines Ltd., in 
the successful pilot plant pressure leaching 
process for base metals resulted in a pro- 
posed construction of a commercial re- 
covery plant at Kellogg, Idaho. The Outo- 
kumpu Oy Co., Helsinki, Finland, has de- 
voted a major research effort to develop- 
ment of flash smelting of lead concentrates 
that would eliminate sintering. Pilot test- 
ing of the process indicates the favorable 
economics of the process for certain ores.’ 

The interest in use of oxygen in primary 
and secondary lead smelting continued as 
productivity increases were reported at 
blast furnaces incorporating supplemental 
oxygen in the fuel. An onsite oxygen plant 
has been built in East Helena, Mont., to 
supply oxygen requirements to The 
Anaconda Company and American Smelt- 
ing and Refining Company. The Bureau 
of Mines reported on an extensive study 
of electric smelting of complex lead-zinc 
sinter and concluded that, while reduction 
of lead and zinc was satisfactory, the 
recovery of zinc metal was unsatisfactory, 
and that slag-resistance open-bath electric 
smelting of complex lead-zinc sinter was 
not considered feasible. A process was 
developed on a laboratory scale for the 
recovery of lead, copper, and iron from 
secondary lead smelter matte by roasting 
and leaching to recover copper and lead 
and subsequent smelting to yield pig 
iron.“ 

The problems associated with utilization 


of low-sulfur stack gases from roasting of 
lead concentrates has often had an 
economic bearing on elimination of un- 
desirable sulfur dioxide from lead 
smelter stack gases. Successful research in 
updraft roasting has resulted in a decision 


by The Bunker Hill Co. to revise the 


roasting plant at Kellogg, Idaho, and 
eventually divert all sulfur dioxide to the 
sulfuric acid plant operated in conjunc- 
tion with the zinc plant. 

Improvement of the mechanical prop- 
erties of lead has long been a major re- 
search objective. A dispersion-strengthened 
lead alloy, placed on the market in devel- 
opment quantities, incorporates superior 
corrosion resistance, high strength, and 
good creep resistance without certain dis- 
advantages inherent in the antimoy addi- 
tive alloys. It has been found that the 
addition of a small amount of lead to 
copper-base alloys, especially beryllium- 
copper alloys, diminishes the problems 
associated with manufacture of bars and 
rods of beryllium-copper and also increases 
machinability. Permanent magnets were 
manufactured on a development scale at 
General Motors Research Laboratories 
from a powdered compound of iron and 
lead oxides in a process resulting in a 
hard ceramic permanent magnet. 


12 Yonezawa, Dr. Toshiaki. How Selective 
Flotation Recovers Four Minerals—Chalcopy- 
rite, Galena, Sphalerite, and Pyrite. World 
Mining, v. 8, No. 4, April 1967, pp. 26-31. 

18 Bryk, Petri, Rolf Malmstrom, and Erik 
Nyholm. Flash Smelting of Lead Concentrates. 
J. Metals, v. 18, No. 12, December 1966, pp. 
1298-1302. 

14 Spencer, Richard N., Seth C. Schaefer, and 
James E. Mauser. Electric Smelting of Complex 
Lead-Zinc Sinter. BuMines Rept. of Inv. 6999, 
1967, 28 pp. 

15 Wilson, D. A., and P. M. Sullivan. Recovery 
of Lead and Copper From Blast Furnace 
Matte. BuMines Rept. of Inv. 7042, 1967, 21 
pp. 
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Table 2.—Mine production of recoverable lead in the United States, by States 


(Short tons) 
State 1963 1964 1965 1966 1967 

Alaska nos eee teehee ] ⅛ HK ĩð2- kg sang (1) I4 8 ulii 
ATONA lest EES 5,815 6,147 5,913 5,211 4,771 
ieee 8 3 1,546 1,810 1,976 1,735 
Colorado... mE Ema End 19,918 20,568 22,495 23,082 21,923 
Idaho uu ems C a 8 75,759 71,312 66, 606 72, 334 61,387 
JJJJ/öCC0öõĩ¹. ˙ y¾ꝙ½) f é vl E Su Te 2,901 2,180 3,005 2,285 2,384 
4 0007 EE 1,027 1,185 1,644 1,109 1,031 
Kentuk7ʒ 831 858 756 48 845 
Missouri 79, 844 120, 148 133, 521 132,255 152, 649 

Moi od ee ea eels wees 5,000 , 538 ; ; 
VE TEE EEN 1,126 809 2,277 3,581 1,500 
New Mexico 1,014 1,626 3,387 1,596 1,827 
C RS RR eU EIER 1,009 732 601, 1,097 1,6538 
North Carolina_.... llevar , l. O. y OO anaana 
Oklahoma. ................-- ³ 33 3,192 2,781 2,813 2,999 2,727 
Tennessee_________ tet ee ees. Saute ] ͤ ꝶ VVV SE --.-.-.. 
ERN. en ie sss ĩ te ee 45,028 40,249 37,700 64,124 53,813 
Mie ⁵ð A hy K A hee LU wee ate 3, 500 3,857 3,651 3,078 3,430 
Washington " 5,974 5,791 6,328 5,859 2,762 
Wisconsin- EES 1,116 1,742 1,645 1,694 1,596 
Other Sate ee eee E 25 6 LA EE 
Totšlsz u za ban d era pete Ss eae te 253,369 286,010. 301,147 827,368 816,931 


! Combined with “Other States" to avoid disclosing individual company confidential data. 
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Table 3.—Ore, old tailings, etc., yielding lead and zinc in the United States in 1967 
(Short tons) 


" Lead ore Zinc ore Lead-zinc ore 
tate —— M rnu- ——— a [s 
Gross Lead Zine Gross Lead Zine Gross Lead Zine 

weight weight weight 
Arizona 1,163 58 4 69 , 686 149 2,926 274,621 4,527 10,382 
California 3,360 1,283 CV.... Deele 7,860 345 368 
Colorado 1.297 115 13 222,910 2,127 21,325 354,527 9,926 15, 273 
Idaho 289,424 19,752 3, 306 26,178 736 2,242 676,355 33,875 42,955 
i000 cse neue 2 (2) ! ĩðͤ„ 0 
e ²”˙üAA ͤ .“!!! 8 250,769 1,029 4,763 126 2 2 
ii ss Dee 58,688 ...... /f A 
Missouri 5, 561,390 152,634 7,391 800 4 21 1, 634 11 18 
Montana 4,107 461 78 35, 836 182 1,631 211 31 10 
Nevada ............- 252 28 5 904 69 217 228,509 1,897 2,807 
New Jersey.-.... 2 152,880 ...... 06 % WEE 
New Mexico 5 (9. 2 272,058 1,743 20,548 1,774 84 184 
New York... mue he Sable, nese 178,848 ...... 16,807 629,901 1,653 53,748 
Oklahoma 4,891 84 10 361,278 1,721 9,511 76, 689 922 1,149 
Penn Fans 8 646,863 ...... 3 %/ſ 0 ] ³ A ae 
Tennessee 3, 862, 508 102, S69 EE 
FFW 253 24 %% 000000 443,733 48, 200 28,921 
/// ĩ.˙ ⁵ ] ]³]. ⁵ ²⁵²Ü ji! ðᷣ 640,530 3,430 18,846 
Washineton. 2.22226... - ³Äw ĩ³¼m 8 583, 809 973 16,121 292,628 1,788 5, 419 
Wien;; 8 988,798 1,596 28,955 — ...-.-. 

c 5,816,142 174,439 10, 888 7,712,813 10,329 294, 519 3,629,098 106, 191 180, 077 
Copper-lead, copper- 
zinc, and copper- All other sources ! Total 
State lead-zinc ores 

Gross Lead Zinc Gross Lead Zinc Gross Lead Zinc 

weight weight weight 
Arizona 17, 306 1 682 20, 149, 396 36 336 20, 512,172 4,771 14, 330 
fer. 8 1,924 107 1 13,144 1,785 441 
Colorado 437, 700 9, 654 15, 733 154, 778 101 98 1,171,212 21,923 52,442 
Il ³ĩV¹w-. 8 770, 334 7,024 8,025 1,712,291 61,387 56, 528 
TROIS 222 oct Shu ð cete 3704, 547 2,384 20,416 704,547 2,384 20, 416 
EHNEN MD AE Deu o wa eae 250,895 1,031 4,765 
Kentucky- ———————————————— 93,469 845 836 152,157 845 6,317 
III EE ̃ ˙œ Seet, hide dece d Beete 5,568,824 152, 649 7,430 
Mn Ee euros m. exse 31,364 224 1,622 71,51 898 3,341 
N 22: eui Zug 8 1,393 6 231,058 1,500 3,035 
New dee ⁵³»'G . ⅛ ß ĩè . ß des, neces 152, 880 26, 041 
New Mexico 42,268 312 84,641 (4) 336 400,746 1,827 21, 380 
C ⁵ yyy ]³Ämum. shee: AE, Suess, S Susa Sa 808,749 1,653 70,555 
Oklahomi eee deele putes, Meio ee yd cma eee 442,858 2,727 10,670 
Penns ß ð y k -ꝶ=k- y 88 646,863 ....... 35,067 
Tennesse 1,605,590 ...... 10:200 EENEG 5,468,098 ....... 113,065 
Utaüh. . . . . . . ....-.. 27,182 5,424 4,514 16,233 165 812 587,401 53,813 34,251 
Virginia EE 640,530 3,430 18,846 
Washingtohn....-..-.- -...--...-. Sees ------ 15 | E 876,452 2,762 21,540 
WISCONSIN: C LIL OS ñi ß nbxaNem KES dd ĩð cdd 22 988,798 1,596 28,953 

Total........---- 2,230,046 15,079 31,441 22,008,094 10,893 32,488 41,396,193 316,931 549,413 


1 Lead and zinc recovered from other ores (copper, gold, silver, etc.) and from smelter slags, mill tailings, and 
miscellaneous cleanups. 
2 Zinc ore combined with “All other sources” to avoid disclosing individual company confidential data, 


3 Includes zinc ore. 
* Less than 34 unit. 
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Table 4.—Mine production of recoverable lead in the United States, by months 


Month 1966 1967 

POTUGRY e ⁵ xy eee SA c ey 26,206 25,622 
Fehrusry. ooo pi E ⁰˙¹¹wꝑ ⁰•mꝛm my y rad M 24,734 25,428 
J!! as a oo eh I Sh k ð ß PER 30,650 30,065 
J sts Sc ·oꝛmꝛ ð2-v ð REEL 26,945 29, 368 
Mas. cs cec ini. EEN 27,399 32,051 
MU. c I LL d 8 CCC 26,453 28,032 
ELE P 25,465 24,383 
ET 2 , ß e . E 28,547 24, 730 
/ ð²;.Qn. ⁵⅛ði r mk ð çKßdſ w;t ß wren tei aba 27,811 22,839 
Lé //õö§ĩôêf eru ie ⅛ðͤ—dͤ eel ste Dt EE 28,521 25,366 
November__.__.____....... ... Ac eao aoaaa e EE ue, Ate Ser 21,154 24,225 
Déecemb6l ß . ma m i c Ee EAM E 21,483 24,822 

TOU arcs ena te Uꝛvꝛↄ ! a eee ent bat eee A 327,368 316,931 


(Short tons) 
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Table 6.—Refined lead produced at primary refineries in the United States, by 
source material 


(Short tons) 


1963 1964 1965 1966 1967 


Refined lead: 
From primary sources: 
Domestic ores and base bullion.. 239,660 294,254 305,007 318,646 258,507 


Foreign ores and base bullion... 155,072 155,175 113,242 122,089 121,387 


LE TE TS A PL ST TS AS AS — 


/ AA 894,732 449,429 418,249 440, 735 379,894 

From secondary sources 3,741 8,505 13,140 9,004 2,5938 

Grand total... ---------------- 398 , 473 457,934 431,389 449, 739 382 , 432 

Average sales price per pound $0.108 $0.131 $0.156 $0.146 $0.134 
Calculated value of primary refined lead 

(thousands) 1__. ...... LLL... c... $85,262 $117,750 $130 , 494 $128,695 $101,812 


! Excludes value of refined lead produced from scrap at primary refineries. 
Table 7.—Antimonial lead produced at primary lead refineries in the United States 


Produc- Antimony content Lead content by difference (short tons) 


Year tion ————— == pee 
(short Short From From From 
tons) tons Percent domestic foreign scrap Total 
ore ore 
1968 ooo hoe se eee ⁰ʒ i 18,818 1,890 10.0 4,553 4,703 7,672 16, 928 
ͤꝙͤ o ĩ v ĩ 24,023 1,995 8.3 4,522 4,085 13,421 22,028 
KEE 21,895 1,984 7.1 2,809 3,803 19,299 25,911 
9 ces oci Bele 24,059 2,119 8.8 6,025 5,157 10,758 21,940 
IST emnes EU LL 18,608 1,717 9.2 5,449 3,634 7,808 16,891 
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Table 8.—Stocks and consumption of new and old lead scrap in the United States in 1967 


(Short tons, gross weight) 


Consumption 


Clase of consumers and Stocks Receipts —————————————————- Stocks 
type of scrap Jan. 15 New Old Total Dec. 31 
scrap scrap 
Smelters and refiners: 
Soft lead, 2,424 67,674  ........- 57,498 57,498 . 2,600 
Hard lead. -2-2-2-2 ----- 1,035 18,9831 ......... 18,520 18,520 1,446 
Cable lead................... 1,125 34 21 . . . . 34,413 34,413 943 
Battery-lead plates 27,570 454,805 ......... 453 ,640 453 , 640 28 , 735 
Mixed common babbitt....... 214 3,656 _ ; -" 3,535 3, 535 335 
Solder and tinny lead 311 12.4710" 8 12,802 12,802 279 
Type metals 2,852 35,649  ......... 34,898 34, 898 3, 603 
Drosses and residues. 16,823 104,075 101,131 . ....... 101,131 19,767 
Total... 8 52,354 721,791 101,131 615,306 716,437 57,708 
Foundries and other manufacturers: 
Soft lead... oe 34 III 189 189 16 
Hard leaagdgdaddd 73 JOL 2:066 150 150 24 
Cable lead 43 „ 58 58 18 
Battery-lead plates 28 7 at ↄ ²hꝗ;ͥ ] ꝛ 6mm asses ates 47 
Mixed common babbitt 134 9,488 . ______- 9,490 9,490 82 
Solder and ‘tinny ; aber, _. 2.2... Ee / Kd 
F/ ⁵ Eee, kee ube, Ña gee AR DA EE, 
Drosses and residues 126 f ß 141 
/ ex usis usa Sind 438 Ts gr Ar GE 9, 887 9,887 328 
All consumers: 
Soft lege coc ct eee 2,458 57,8 57,687 57,687 2,616 
Hard lead................... 1,108 19,032 — 18,670 18,670 1,470 
Cable lead................... 1,168 34,264 `, 34,471 34,471 961 
Battery-lead plates 27,598 454,824  ......... 453,640 453,640 28,782 
Mixed common babbitt `. 348 13,094 ......... 13,025 13,025 
Solder and tinny lead......... 311 12.410: iu ^ 12,802 12,802 279 
Type metals 2,852 35,649 `. " 34,898 34,898 3,603 
Drosses and residues 16,949 104,090 101,131 ......... 101,131 19,908 
Grand total................ 52,792 731, 568 101,131 625,193 726,324 58,036 
* Revised. 


Table 9.—Secondary metal recovered ! from lead and tin scrap in the United States 
in 1967, by type of products 


(Short tons, gross weight) 


Lead Tin Antimony Other Total 

Refined pig lead 121.466. Stee dung eiaa 127 , 466 
Remelt lead- EE 22 d eters: ls seu. Stew 22,878 
ö§;—9¹ẽ9ͥ ͥͥͥͥͥͥͥͥͥͥ .1ꝓ²̃q—v 150,344 _.. l... A OS So 150,344 
Refined :: 88 3,2944 3,294 
RI... ³ K ⁵³ð veges 269. Soca 263 
Total. LL cec sese cce LLL lll 22D 2ll2zll 5 o Kass — 35557 

Lead and tin alloys: 
Antimoniallead........................-.... 288,719 432 16,783 418 306,352 
Common babb ite 15,276 833 1,622 116 17 , 847 
Genuine bab bitt 30 188 16 9 243 
S ⁵³ð d ĩð2A Li i eles 31,705 5, 348 430 93 37,576 
Type est... ee Sis 30,149 1,797 4,576 4 36 , 526 
C ³oð ul. l. mv du 19511 190 `.. 19,721 
Miscellaneous alloys... ...... 2.22.22 22. .-- 1,297 433 47 123 1,900 
C; ⁰¹· àAà¼ͥF eeu Da cri os 386 , 707 9,031 23,664 763 420,165 
Tin content of chemical products DOT. ous ese 567 
Grand eee tt ee Be 537,051 13,155 23,664 763 574,633 


! Most of the figures herein represent actual reported recovery of metal from scrap. 
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Table 10.—Secondary lead recovered in the United States 


(Short tons) 


1963 1964 1965 1966 1967 
As metal: 
At primary plants 3,741 8,505 13,140 9,004 2,538 
At other plants. 130,788 140,702 168 , 774 147,216 147,806 
NV) d BEE 134,529 149,207 181,914 156,219 150,344 
In antimonial lead: j m 
At primary plants................ 1,612 13,421 19,299 10,758 7,808 
At other plants. 231,125 251,101 251,354 272, 977 280,911 
f ³ 6G 244, 797 270, 522 270, 653 283, 735 288.719 
In other alloys. s. 114,145 121,853 123,252 132,880 114,709 
Grand total: db i 
Quant it 493,471 541, 582 575,819 572, 834 553,772 
Value (thousands) 3106, 590 $141,894 $179,656 $167,268 $148,411 


Table 11.—Lead recovered from scrap processed in the United States, by kind of 
scrap and form of recovery 


(Short tons) 


Kind of scrap 1966 1967 Form of recovery 1966 1967 
New scrap: As soft lead: 
Lead- base 79, 573 71, 829 At primary plants 9,004 2,538 
Copper-base. .......... 7,424 4,500 At other plants......... 147,215 147,806 
Tin-base. ............. 508 578 Total. 156,219 E 150,344 
Total... “ͤ;̃ 87,505 76,907 In antimonial lead 288 , 785 288 , 719 
SS SS = In other lead alloys. ........ 108 , 264 96,884 
Old scrap: In copper-base alloys........ 24,566 17,795 
Battery-lead plates 285,489 303,258 In tin-base alloys........... 50 30 
All other lead-base...... 179, 502 155,892 ————— — ——————-— 
Copper-base. .......... 20,334 17,711 Total. ----------- 416,615 403 , 428 
Tin base Si teen ie ae oe ke 4 4 =F —— 
—  PPƏ— Grand total.. 572,884 553,772 
"Total, ¿uQ c. z o 1: 485 ,329 476,865 
Grand total.......... 572 , 834 553,772 


! Includes 10,758 tons of lead recovered in antimonial lead from secondary sources at primary plants in 1966 
and 7,808 tons in 1967. 
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Table 12.—Lead consumption in the United States, by products 
(Short tons) 


Product 1966 1967 Product 1966 1967 
Metal products: 
Ammuni tion 78,435 78,766 Pigments Continued | 
Bearing metals. 21,588 19,561 Pigment colors 13,695 13,041 
Brass and bronze 25, 447 20, 467 Other? 2 3222554022 8,562 5,473 
Cable covering....... 66,491 63,037 —— — —ö — 
Calking lead 63,250 48 , 789 tee eet betes 119,888 103,190 
Casting metals....... 6,671 10,083 == 
Collapsible tubes. .... 11,987 11,299 Chemicals: 
Foll... 22 rs 6,041 6,148 Gasoline antiknock 
Pipes, traps, and additives 246, 879 247,170 
ends 19, 984 20, 184 Miscellaneous: 
Sheet lee 28, 938 26, 763 chemicals 614 609 
Solder 78, 898 68, 833 — n ſ— — 
Storage batteries: Total. 247,493 247,779 

Battery grids, —— 

posts, ete____ ` _ 240,535 229,287 Miscellaneous uses: 

Battery oxides... 231,957 237, 378 Annealing........... 5,441 4,202 
Derne metal......... 1,966 1,620 Galvanizing.......... 1,639 1,854 
Type metall 30, 421 28,554 Lead plating......... 428 532 

—— — Weights and ballast... 18,090 15,794 
Total -oaee eneun $12,609 870,769 — — 
— Totaall. 25, 598 22, 382 
Pigments: Other, unclassified uses 18, 289 16, 396 
White lead. ......... 8,131 8,087 — |]... 
Red lead and litharge. 89,500 76,589 Grand total?...... 1, 323, 877 1. 260, 516 


1 Includes lead content of leaded zinc oxide and other pigments. 
2 Includes lead which went directly from scrap to fabricated products. 


Table 13.—Lead consumption in the United States, by months 
(Short tons) 


Month 1966 1967 Month 1966 1967 
Januar 104, 651 107,431 August ---.------------ 114, 046 104, 406 
February...............- 101,506 99,789 September..............- 110,951 102,553 
Mareh oo eee 114,570 112,912 October 120,575 111,920 
ADM soc AA aree 106,834 106,964 November. 118,641 107,967 

A 7 Sui d yam am 113,649 110,808 December. 114,663 105,594 
JUNG oe e Ee 110, 555 106,011 —— —[— Ñ[M 
M/ a ee 93, 236 84,161 Totali... ox 1,323,877 1,260,516 


1 Includes lead content of leaded zinc oxide and other pigments and lead which went directly from scrap to 
fabricated products. 


Table 14.—Lead consumption in the United States in 1967, by class of products and 
types of material 


(Short tons) 


Lead in Lead in Lead in 


Product Softlead  antimonial alloys copper- Total 

lead base 

scrap 
Metal produets 2. lll Ll ll... 195,869 103, 378 49,817 15,527 364,591 
Storage batteries 245,208 201 457 | E 466,665 
e eoo eu cA eL pee 100,967 I89 2 12 8 101,156 
Chemicalss ------------ OAT TIS. ele .. bei 247,779 
Miscellaneous 10, 676 11,602 104 ........ 22, 382 
Unclassified... ..... 222222222 222 l lll. 13,928 1,697 CLE uccide 16,396 
Nato EE 814,427 338 , 323 50, 692 15,527 11,218,969 


1 Excludes 39,513 tons of lead which went directly from scrap to fabricated products and 2,034 tons of lead 
contained in leaded zinc oxide and other nonspecified pigments. 
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Table 15.—Lead consumption in the United States in 1967, by States 1 


(Short tons) 


Refined Lead in Lead in Lead in 
State soft lead antimonial alloys copper- Total 
lead base scrap 

California 88, 663 31,097 5,204 905 125, 869 
Colorado 1,070 2,714 7 3, 856 
Connecticut. |... 2222 LLL LLL LL LL LLL sl lll 16,233 15,112 124 1,169 82,638 
District of Columbia 11; ³˙Ü w bee, Sae 154 
ih. 88 5,255 1111 a sve 10,169 
G a 8 35, 545 11,729 2.019 eege 49,293 
Ii. 8 85, 431 51, 679 8,936 2, 067 148,113 
Indiána eeens eaaa ³ĩ y m Ea i ekle 74,835 42,175 1,282 742 119, 034 
Kändis Z ß u sQ ut SEE 10,784 9,141 41 312 20,278 
Kentucky. clos se ee Sh ee memes 2,546 6,290 qi undue ec 8,839 
Maryland- ⁰³⁰»mmmm d Ge 88 3,454 18, 562 212 8 22, 228 
Massachusetts. 3, 706 1,700 500 162 6,068 
ROT EE 13,256 14,542 1,837 598 30,233 
RE TU EENEG 35,425 10,923 159 499 47,006 
Nebraska... oon coe eee eee e E 2,806 1,017 68 660 4,551 
New Jersey /e 123, 239 19,414 8,751 497 151,901 
New York... -__------ 38 , 239 2,905 13,314 778 55, 236 
ö’ ⅛ ß eae ei yas: 13, 360 3, 186 3,159 1,049 20,754 
Pennsylvania 50, 935 29, 830 1,180 2, 587 84, 532 
Rhode Island__ l 2. 2 2 2 ccc sls 1,351 409 Al: nons: 1,801 
Tennessee 189 10, 714 286 310 11,499 
NPE i Z ae ⁵ V ĩ 8 1,973 995 790 1,379 5,137 
Washington... 6, 837 499 307  ........ 7,643 
West Virginia 17, 036 9 259. ease, 8 20,295 
Wisconsin 2,997 2,461 106 116 5, 680 
Alabama and Mississippi. .................. 874 2,380 2d ess 652 3,906 
Arkansas and Oklahoma....................- 4,453 3,734 79 _ 8,266 
Hawaii and Oregon 1,071 2,650 2 35 3,758 
Iowa and Minnesota... 3,807 7,691 128 439 12,065 
Louisiana and Texas -22222222M 157,270 17,973 2,082 381 177, 706 
Montana and Idadoo odo /)! nter i) 8 5,472 
New Hampshire, Maine, Vermont, Delaware. 4,612 5,909 10 190 10,721 
North and South Carolina. ,445 ër ET 12525 heap oh 4,164 
Utah, Nevada, Arizona --------2-2------- D 22 0 ⁰ A ey Gite a oe 104 

OCB tice tte Sh eee dett ee 814,427 338 , 323 50,692 15,527 1,218,969 


1 Excludes 39,513 tons of lead which went directly from scrap to fabricated products and 2,034 tons of lead 
contained in leaded zinc oxide and other non-specified pigments. 


Table 16.—Production and shipments of lead pigments ! and oxides in the United States 


1966 
Shipments 
Produc- 
Pigment tion Value ? 
(short 
tons) Short Aver- 
tons Total age 
per 
ton 
White lead: 
Diy z uz saus ps 9,680 10,909 $4,492,202 $412 
In! 8 2, 619 3,967 2,610,603 658 
o Be ee c 12,299 14,876 7,102,805 477 
Red leade .. 31, 080 31,270 11, 302, 545 361 
Lätbharge 108,098 110,303 37,580,505 341 
Black oxide / ojos liebe TERNI 


Produc- 
tion 
(short 
tons) Short 
tons 
7,9316 8,871 
2,807 3,257 
10,123 12,128 
26,869 25,741 
95,581 99,982 
203,571  ...... 


1967 


Shipments 


Value? 


Total 


$3,609,808 
2,205,973 


5,815, 781 
8,814,995 
32,135,289 


1 Except for basic lead sulfate, figures withheld to avoid disclosing individual company confidential data. 


2 At plant, exclusive of container. 
3 Weight of white lead only, but value of paste. 
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Table 17.—Lead content of lead and zinc pigments ! and lead oxides produced by 
domestic manufacturers, by sources 
(Short tons) 


1966 1967 
Lead in pigments produced Lead in pigments produced 
Pigment. from— Total from— Total 
——————————————— leadin —— lead in 
Ore pigments Ore pigments 
— Pig lead — — 0 Pig lead 
Domestic For- Domes- For- 
eign tie eign 
White led ----- 9,839 9839 22222 nx 8,098 8,098 
Red lead. 28,174 28 174 A 24,357 24,357 
Ehn 8 100, 531 10 . uuu 88, 890 88, 890 
Black ig wit a- 190,931 190,931 ..... ..... 194,909 194,909 
Leaded zinc oxide 1,247 528 — ......- 1,775 798 SIZ: ul res 1,310 
Total... 1,247 528 329, 475 331,250 798 512 316,254 317, 564 


i 1 Excludes lead in basic lead sulfate, figures withheld to avoid disclosing individual company confidential 
ata. 


Table 18.—Distribution of white lead (dry and in oil) shipments, ! by industries 
(Short tons) 


Industry 1963 1964 1965 1966 1967 
Pamta EE 11,358 10,534 9,185 8,260 6,968 
Cera Mies EEN 138 143 133 130 96 
Other se a y EE EENS 3,906 4,769 5, 355 6,486 5,064 
IM.. cok sien 15,402 15,446 14,673 14,876 12,128 


1 Excludes basic lead sulfate, figures withheld to avoid disclosing individual company confidential data. 


Table 19.—Distribution of red lead shipments, by industries 
(Short tons) 


Industry 1963 1964 1965 1966 1967 
Pais. u Sul; sed sus Joe ³o¹¹ ³ ³ 13,213 14,133 13,725 14,480 13,318 
Storage batteries w W W W W 
eramics___..___.._- %%% AET W Ww W W W 
Other... uoo ĩ K rudes J 13,032 13,957 15,938 16,790 12,423 
Total Baila atte ohio ea ke ohare 26,245 28,090 29,663 31,270 25,741 


W Withheld to avoid disclosing individual company confidential data; included with “Other.” 


Table 20.—Distribution of litharge shipments, by industries 
(Short tons) 


Industry 1963 1964 1965 1966 1967 

Ceranic8 EE 17,762 20,508 21,013 23,476 19,491 
Chrome pniements 222 222 L 222 l.l lll 5,763 6,426 W W W 
Floor covering W W W W W 
Insectieide s.... W W 1,161 1,166 W 
Oll refining____ J... . ..... ... . ......-.-. 1,973 2,142 2,886 1,991 1,835 
ube hh 8 1,702 1,978 2,153 2,296 1,928 
Storage batteries W W W W W 
S EES 4,240 4,004 3, 763 1,620 1,228 
GG ³ꝛðꝛiAAA ee 72, 394 64, 335 74,916 79, 754 75, 500 

OU Shae aes ee ð VT 103,834 99,393 105,892 110,303 99,982 


W Withheld to avoid disclosing individual company confidential data; included with “Other.” 
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Table 21.—U.S. imports for consumption of lead pigments and compounds 


1966 1967 
Kind Short Value Short Value 
tons (thou- tons (thou- 
sands) sands) 
White le...... ee eee Sh eee Saa as 1,915 $668 2,293 $672 
Red]ead. oe sc at pags cr UM ii A fa i. 2,130 591 8,296 761 
EH 25,638 5,685 24,632 4,969 
Other lead pigmentnnn 78 19 74 22 
Other lead compounds. ............... l... .. eee 736 390 350 145 


Table 22.—Stocks of lead at primary smelters and refineries in the United States, Dec. 31 


(Short tons) 


Stocks 1963 1964 1965 1966 1967 
Refined pig lead_-.____-...--.------..-. -..-- 48,780 34,100 17,524 16,175 18,243 
Lead in antimoniallead__ U --.---------------- 7,890 4,012 7,680 6,396 5,119 
Lead in base bullion... ---------------------- 14,947 13,218 10,735 15,606 16,622 


Lead in ore and matte 


RE ee 49,219 33,068 47,504 71.996 85,495 


f/ — "— H——Á] 120,836 84,398 83 , 443 115,473 125,479 


Table 23.— Consumer stocks of lead in the United States, Dec. 31, by types of material 


(Short tons, lead content) 


Lead in Lead in 
Year Refined antimonial Lead in copper- Total 
soft lead lead alloys base 
scrap 
1968 EE 71,558 40,606 6,558 1,208 119,930 
i cg EE 69 ,361 35,163 7,983 987 113, 444 
1965... neun uc mah eet eae 61,586 36,190 10,406 1,013 109,195 
1966........ Xu ETT F .... 44,490 34,704 10,071 1,041 90,306 
1901. Gu P um ari rer mc p E. RENE iE 59,837 35,879 8,919 1,151 105,786 
Table 24.—Average monthly and yearly quoted prices of lead at St. Louis, 
New York and London ! 
(Cents per pound) 
1966 1967 
Month ————— — —— ——— ——— —— 
St. Louis New York London ? St. Louis New York London ? 
nnn 8 15.80 16.00 13.68 13.80 14.00 9.96 
r ß in ea eh we Lae 15.80 16.00 13.23 13.80 14.00 10.04 
i -———Á— 15.80 16.00 13.26 13.80 14.00 10.34 
ADI. ³⁰³A to Gace Name Se 15.80 16.00 12.69 13.80 14.00 10.28 
r ³ĩ˙¹i¹iiĩ = ĩ ͤ 14.94 15.14 11.84 13.80 14.00 10.35 
PJ ³˙ AA ³ coed sits tt clas Su URN 14.80 15.00 11.71 13.80 14.00 10.31 
July o ih EE 14.80 15.00 11.90 13.80 14.00 10.44 
Aub) 8 14. 80 15.00 11.93 13.80 14.00 10.51 
el 14.80 15.00 11.41 13.80 14.00 10.23 
k K upa S 14.04 14.24 10.57 13.80 14.00 10.18 
November... sa eee mtr 88 13.80 14.00 10.07 13.80 14.00 10.44 
Den 8 13. 80 14. 00 10. 14 13. 80 14. 00 10.12 
REENEN 14.92 15.12 11.87 13.80 14.00 10.28 


1St. Louis: Metal Statistics, 1968. New York: Metal Statistics, 1968. London: Metals Week. 
2 Based on monthly rates of exchange by Federal Reserve Board. 


LEAD 671 
Table 25.—U.S. exports of lead, by Table 26.—U.S. imports ! of lead, by 
countries ! countries—Continued 
(Short tons) 
Country 1965 1966 1967 
Destination 1965 1966 1967 i 
| Base bullion (lead 
content): 
Pigs, bars and anodes: Australia 448 1,283 nemis 
Belgium- Belgium- 

Luxembourg...... 691 1,115 18 Luxembourg 442 
Brazil 1 799 558 Canada 50 62 23 
Canada 213 299 353 Fans 8 55 
Colombia 428 530 237 Germany, 

Itas 259 12 42 Fü 58868 
Japan 585 15 1,402 Mexico 43 547 95 
Mexico 128 156 200 Peru ees 25 64 66 
Netherlands 336 118 156 United 
Philippines 129 68 119 Kingdom 71 
SPN ³ ee 348 11 1 
Switzerland 289 1 (2) Total base 
Taiwan 73 233 190 bullion.... 566 2,012 152 
United Kingdom..... 1,928 200 321 : == == == 
Venezuela. 363 346 206 Pigs and bars 
Viet-Nam, South 639 521 19 (lead content): 
Other. 8 1,401 1,011 2,719 Australia 51,105 44,187 53, 156 
Belgium- 
Total. 7,811 5,485 6,536 Luxembourg. 197 2,535 23,281 
= .:.]V Burma... ------- 5,532 2,548 
Serap Canada 31,697 34,283 37,238 
Belgium- Denmark 514 672 42 

Luxembourg 101 35 Germany, 

Canada 243 —— 56 West. 1, 653 15, 499 49, 077 
Germany, West IGL zesin zz Japan 4,638 1.419 2-222 
Italy... ei 2,348 5 .... Mexico........ 73,546 75,294 57,271 
r Ec I2 x2 16 Perú os ocanaas 26,182 51,593 70,377 
Netherlands „ 235 238 139 South Africa, 
United Kingdom 83 138 120 Republic of. 3,165 11, 986 6,989 
Yugoslavia.......... 584 ..... „„ pain. uu pss J ` en 
Other 127 16 28 United 

Kingdom 514 3,101 17, 680 

Total. 3,793 498 394 Yugoslavia..... 28, 640 31, 322 30, 478 

=== n Zambia... _ 1 , 148 `... 

Grand total 11,604 5,933 6,930 Other 569 6,518 15, 080 

Total........ 222,613 285,389 363, 598 
1 In addition foreign lead was reexported as follows: . === 
pigs, bars and anodes, 1965, 659 tons; 1966, 7 tons; | Reclaimed scrap, 
1967, 162 tons. Serap, 1965, 99 tons; 1966-67, none. etc. (lead 
? Less than 1⁄4 unit. content): 
Australia 978 43 1,086 
Table 2 U i 55 Tocatur 2,919 2,043 6,431 
able 26.—U.S. im ominican 
SE ct of lead, by Republic...  ....... 179 248 
"Sch ge 1,472 
Ee ĩð id ĩ einean ; 
(Short tons) Japan . 422 — 13 
N eee 315 314 278 
Country 1965 1966 1967 Ree „ 188 187 
New Zealand. 50 77 
Ore, flue dust, and oe Ff! 16 35 123 
matte Dos RITE 
content): 
Australia 26,658 22,614 25,553 FOLA gecisi * st e c dais QUSE c ah 
Se d Ine Baa 
an ada : ç ,4 
Colombia — . 677 445 561 total. 350,110 434,824 498,706 
ipta ug dec E ae 20 ë 197 

onduras...... 71 11.132 „513 1 Data are general imports"; that is they include 
Mexico........ 76 624 314 lead imported for immediate consumption plus 
Peru..-......- 26,419 41,610 36,734 material entering the country under bond. 
Philippines 106 164 3 
South Africa, 

Republic of 10, 570 1, 394 359 

ther 23 2, 130 6, 561 

Total........ 122,661 143,991 124, 067 
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Table 27.—U.S. imports for consumption ! Table 27.—U.S. imports for consumption ! 


of lead, by countries of lead, by countries—Continued 
(Short tons) (Short tons) 
Country 1965 1966 1967 Country 1965 1966 1967 
Ore, flue dust, and Pigs and bars 

matte (lead (lead content): 

content): United 
Australia 23,408 21,460 37,879 Kingdom 425 3,101 17,680 
Bolivia 3, 885 1,454 14,707 Yugoslavia__... 28,639 31,322 30, 478 
Canada 33,637 23,617 41, 416 Other 548 2,529 11,789 
Colombia 439 228 892 — PV 
Honduras 7,406 3,506 5,350 Total........ 223,461 285,788 363, 596 
Mexico 577 425 409 : =———c——F°.m==P- 
Peru 30,732 10,177 40, 321 Reclaimed scrap, 

Philippines 96 2 2. 264 etc. (lead 
South Africa, content): 

Republic of.. 28,712 2,963 478 Australia 23 61 67 
Sweden. 2, 377 Canada 3,127 2,807 6, 340 
Other 41 20 63 Dominican 

————— — Republic..... ....... 179 248 

Total........ 128,933 63,850 144,156 Germany, 

————— (€ C West. | MED 1 , 568 
Base bullion Japan 42 Qui cn 13 

(lead content): Mexico........ 328 314 278 
Australia 448 1:212" ect Netherlands 
Belgium- Antilles. 188 167 

Luxembourg 442 New Zealand... ....... 50 80 
Canada........ 50 62 23 Panama....... 45 80 374 
Germany, FCC S< Dume 150 ....... 

N ¿22 ss 5B- nt Other 46 127 233 
Mexico. ....... 43 474 20 —— —Ü— — 
Peru 25 64 66 Total....-.-- 3,612 3,956 9,368 
United LLLI 

Kingdom.... ....... ....... 71 Sheets, pipe, and 
Other W 55 shot: 

— MU äßä᷑— TU Belgium- 
Total 566 1,928 677 Luxembourg. 121 219 513 
= Canada „ 83 30 99 
Pigs and bars Germany, 

(lead content): West. 5 134 2 
Australia 50,484 44,160 53, 156 Mexico 209 been, Ve ee 
Belgium- Netherlands 377 514 402 

Luxembourg 422 2,535 23,281 Other 29 22 196 
Burma. 5, 532 2, 548 — sO . : 
Canada 31,697 34,283 37,236 Total. 880 919 1,212 
Denmark...... 514 672 423 =———=n-—-.RC T > —=—-í> 
Germany, Grand 

West. 2,161 15,499 49,077 total...... 357,452 356,441 519,009 
Japan. ------- 4,363 2,100 
Mexico 73, 386 75, 394 57,271 
Morocco....... LIl2- ͤ ĩ 2,413 
Netherlands 224 5,137 878 1 Excludes imports for manufacture in bond and 
Peru 27,484 51,593 70, 377 export, classified as “imports for consumption" by 
South Africa, the Bureau of the Census. 


Republic of 3,002 11, 925 6,989 2 Less than 1⁄4 unit. 
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Table 28.—U.S. imports for consumption of lead, by classes 1 


(Thousand short tons and thousand dollars) 


Lead in ore, Lead in base Pigs and Reclaimed Sheets, 
flue dust or bullion bars scrap, etc. pipe, Not 
fume, and matte, (lead (lead (lead and other- 
Year n. s. p. f. content) content) content) shot wise Total 
(lead content) S value 
— — ——————— . ————— ———————————————————— e 
Quan- Value Quan- Value Quan- Value Quan-. Value Quan- Value value 
tity tity tity tity tity 
1 oeoscueue 129 $26,923 1 $380 223 360,924 4 $793 1 $273 3329 $89,622 
1966_____.___- 64 13,871 2 575 285 75,312 4 886 1 283 r563 91,490 
1967________-- 144 29,111 1 1,224 364 88, 697 9 1,951 1 322 542 121,847 
r Revised. 


1 Excludes imports for consumption in bond and export, classified as “imports for consumption” by the Bureau 
of the Census. 


Table 29.—U.S. imports for consumption of miscellaneous products containing lead 


Babbitt metal, solder, white metal, 
and other combinations containing lead 


Year — — IaaamaaaIaIaIaIaaIaaiaiiIIaIiaiIiÃħõÁ 
Gross 
weight content Value 
(short tons) (short tons) (thousands) 
ccc Ee hh ee eed 3,299 986 $8,129 
ÄERER 1,589 731 3,203 
1967 


MP ))) 88 775 413 1.423 
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Table 30.—World mine production of lead (content of ore) by countries 1 2 


(Short tons) 
Country 1963 1964 1965 1966 1967 P 
North America: 
anada... ........... 198 ,988 206,359 302,952 r 323,175 339,701 
Guatemala z 825 e 550 e 550 e 660 e 660 
Honduras r 10,913 8,250 10,642 12,207 12,879 
Mexico 209,425 192,710 187,494 e 197,000 e188, 500 
United States 3. 253, 369 286,010 301,147 327,368 316,931 
South America: 
Argentina. ................. 29,173 28,576 35, 534 34, 884 35, 595 
LEET EE 20,989 18,180 r 17,981 r 21,484 21,755 
Brazil c.. 19,200 16,200 r 25,000 24,700 21,000 
Gilges l c 9x 1,199 1,230 r 863 r 912 445 
Colombia... -------------- 331 534 507 658 NA 
Ecuador... ---------------- 179 183 126 76 NA 
4245 EE 164,461 166,089 170,135 159,570 174,378 
Europe: 
Austria 3.2 ---------------- 5,504 5,727 5,553 5,336 5,295 
Bulgaria 97,995 100, 641 110, 200 e 110, 200 e 112, 000 
Czechoslovakia ........... 14,900 14,900 15,400 15,400 15,400 
Fenn ĩðͤ nsun anaE 1,262 2,083 6,952 5,107 ° 4,600 
France... 2e oo RR Es 9,255 13,437 19,898 r 29,491 80,000 
Germany 
EAS -2-.---------- 11,000 11,000 11,000 r 13,000 NA 
Wk 58,243 53,944 54,727 61,099 65,535 
Greece. .......... Lll. .l lll. r 9,755 r 8,962 r 10,626 10,748 * 10,400 
Hunger? SR des 1,102 1,323 1,543 e1,540 N 
IF, ²³˙iAmAAAAA ⅛ -K 8 1,323 2,853 r 44,092 e 68, 700 
II/ ⁵ ⁵ r 86,231 r 86,737 r 39,098 r 40,456 e 43,000 
n, vibe E. 3,297 3,945 r 3,860 r 3,887 e 3,700 
Poland... . . 26 .. RR Slee 42,659 42,218 45,415 r 49,714 e 50, 000 
Portugal._____ 247 21 168 r 1,890 1,653 
Rumania 13, 800 14,000 r 17,000 r 44,000 44, 000 
SFF! Ae 68,557 64,356 r 62,435 68,774 69 ,040 
i 78,293 74,373 r 76,004 76,280 e 78, 000 
USSR ü ð sce od r 347, 000 r 364,000 r 886,000 d 413, 000 440, 000 
United Kingdom 27 1 //ö·;⁴ͤũ x ⁊ᷣv cs 
i Yugoslavia... ............. 125,535 124,677 117,122 r 113,097 e 113,500 
Africa: 
Alpa ⁵³ĩðͤ DES 9,039 10,525 11,514 ° r 4, 400 e 4,400 
Congo (Brazzaville).......... 36 2,391 e 3,100 e 3, 900 3, 900 
Congo (Kinshasa) 1,306 1,152 1,709 NA NA 
Morocco- o 81, 540 78,584 85, 000 85, 536 57,707 
Niper s 22-22-9252 ³ y ͤ- e 770 e 1, 760 e 2, 200 
South Africa, Republic of 10: EE 53 20 26 
South-West Africa, Territory 
OP MENFE PUR 83,220 104,023 96,789 93,745 e 77,000 
Tunisie eese 15,697 13,944 17,494 17,561 13,720 
United Arab Republic e. sin E 17 
dui Zambia 1........ 2... ...... 21,615 14,508 23,529 20,679 21,055 
sia: 
Bugd EIL 22,064 20,723 r 21,385 NA e 10,800 
China, mainland *........... 110,000 110,000 110,000 110,000 99,000 
Ill.. aa ea ,75 ,96 „388 4,116 2,66; 
Tran? o.oo es 11,000 16,500 18,700 22,000 NA 
/o ͤͤ 58,110 59, 604 60, 550 r 69,551 70,110 
Korea: 
North 55,000 60,000 65,000 65,000 72, 000 
Suk 2,113 3,691 4,878 r 6,126 10,670 
Philippines 78 114 116 101 105 
Thailand... ror 2,496 4,030 6,152 "7,028 3,833 
Turkey... . l. ĩðͤ bu LED 2,811 1,792 1,854 1,03 2,599 
Oceania: Australia 459, 527 419, 839 405,594 r 408,724 416,888 
Total EE r 2,775, 267 2,789,317 2,977,461 73,131,095 3,132,887 
e Estimate. P Preliminary. r Revised. NA Not available. 


1 Data derived in part from International Lead and Zinc Study Group Monthly Bulletin, United Nations 
Statistical Yearbook, Yearbook of the American Bureau of Metal Statistics, annual issues of the Statistical 
Summary of the Mineral Industry (Overseas Geological Surveys, London), and Metal Statistics (Metallge- 
selischaft), Germany. 

2 Compiled mostly from data available June 1968. 

3 Recoverable. 

4 Smelter production. 

5 Year ended March 21 of year following that stated. 

6 Total is of listed figures only; no undisclosed data included, 
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Table 31.—World smelter production of lead by countries 1 2 


(Short tons) 
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Country 1963 1964 1965 1966 1967 P 
North America: 
Canada (refined) 155,001 151,372 186,484 184,871 190,279 
Guatemala. ................ 52 83 126 237 78 
MeXiGO- ot oe 205,217 183,758 181,117 189,757 182,000 
United States (refined) 33. 394, 732 449,429 418,249 440,726 379,894 
South America: 
Argentinae 26, 500 25,400 35, 300 24, 300 e 40,000 
Bolivia (refined metal and 
solder 280 508 1,032 r1,246 261 
Brazil... ¾˙˙ tees s r 17,629 r 14,417 r 10,654 r 10,955 18,997 
Chiles... ess OAS) Soest, xxx CA LEE ud Utd cac ui 
PET! -- ² Ae rete te 89,427 98,904 95,688 97,843 90,185 
Europe: 
ASU Bisse Luca D er LU 7,083 9,365 8,481 7,907 8,586 
Belgium 2. ..... 108,504 91,840 122,089 102,139 e 116,000 
Bülgarias 56, 584 96,451 102, 979 e 100,200 e 108, 000 
Czechoslovakia 15, 400 15, 400 16,000 16,000 16,000 
France.. clem exam 85,569 98,976 108,419 119,753 e 128,000 
Germany 
East S sau TEE 27,600 27,600 27,600 27,600 e 27,600 
P/ — 121,515 118, 502 114, 674 120, 841 150, 250 
Greece Kr bullion from 
OFOS) BEE r 4,400 5,500 5, 700 6,063 e 4,000 
Hungary... ee 440 22 220 e 220 NA 
// ˙ na 46,228 41,792 r 50,067 r 59,269 66,689 
Poland... v 42,895 45,747 45,620 41,936 48,832 
Portugal................--- 1,232 1,506 1,442 1,160 e 1,200 
Rumania PORNO 13,800 14,000 17,000 44,000 44,000 
SDalD..o ee 68,436 63,927 r 59,321 60,775 e 60,600 
Sweden (refined) Ee r 44,933 r 44,482 r 44,346 48,171 e 44,000 
USS: EE r 947,000 r 364, 000 r 386,000 r 413,000 441,000 
United Kingdom B 297 195 RPF; ˙ AA Sa ye 
ds Yugoslavia (refined) ......... 114,832 111,427 111,889 107,503 103,452 
rica: 
Morocco. __...---..-------- 20,679 20,766 18,995 20,696 23,544 
South-West Africa, Territory 
OL MARRE NEHME RENE 1,997 52,685 72,791 82, 976 e 80, 500 
Tunisia . 13,898 19,331 15,627 15,403 14,600 
^ Zambia__ ----2-2------—- 21,615 14,508 23,529 20,679 21,055 
sia: 
Bü; ches dms 19,553 19,900 e r17,600 e r15,400 e 14,300 
China, mainland e........... 99,000 110,000 110,000 110,000 99,000 
ET EE 3,899 ; ; „733 2,610 
e u ee S eee e 55 413 e 440 e 440 NA 
E EECH 101,575 106,962 119,433 130,715 165,316 
orea: 
Nerf 45,000 50,000 55,000 55,000 60,000 
SS AG e e 40 e 90 1,772 3,293 
Türkeyx cuu usss uD ss 2,073 2,161 r 1,012 r 550 e 1,300 
Oceania: Australia: 
Refined lea 251,558 227,473 216,504 r 216,304 213,881 
Pb content of lead bullion (for 
per!!! 8 90,341 87,701 74, 936 r 83, 210 107, 046 
l!!! 2 uco as r 2,667,567 2,784, 736 72,880,565 12,988,350 3,076,348 


e Estimate. P Preliminary. 


r Revised. 


NA Not available. 


! Data derived in part from International Lead and Zinc Study Group Monthly Bulletin, United Nations 
Statistical Yearbook, Yearbook of the American Bureau of Metal Statistics, annual issues of Statistical Sum- 
mary of the Mineral Industry (Overseas Geological Surveys, London), and Metal Statistics (Metallgesellschaft), 


Germany. 


2 Compiled mostly from data available June 1968. 


3 Figures cover lead refined from domestic and foreign ores; refined lead produced from foreign base bullion 


not included. 
Includes recovery from scrap. 


$ Lead bars only; does not include lead contained in antimonial lead or solder. 


6 Year ended March 21 of year following that stated. 
7 Total is of listed figures only; no undisclosed data included. 
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Lime 


By Paul L. Allsman 


DOMESTIC PRODUCTION 


Production of quicklime increased 2 
percent in 1967 due to its growing use in 
basic-oxygen-furnace (BOF) steelmaking. 
Production of hydrated lime remained at 
the same level, while production of dead- 
burned dolomite declined 14 percent. 
Total sales of open-market and captive 
lime remained about the same as in 1966. 
Growth in capacity continued as steel 
plants readied  fluxing-lime units for 
operation. 

Huron Lime Co. put into operation a 
new 800-ton-per-day lime plant in Huron, 


Ohio; production was scheduled for the 
basic-oxygen-furnaces of  Weirton Steel 
Co., in Weirton, W. Va. 

The Anaconda Company remodeled the 
old Domestic Manganese and Develop- 
ment Co. plant in Butte, Mont.; milk of 
lime production was to be used in copper 
concentration. Morrison and Weatherly 
Chemical Products Co. leased the Ken- 
necott Copper Corp. lime quarry at 
McGill, Nev.; a new lime plant was put 
into operation for copper concentrating 
and smelting.” 


Table 1.—Salient lime statistics in the United States 


(Thousand short tons and thousand dollars) 


1963 
Number of primary plants. 208 
Sold or used by producers: 
Quicklime. - --------------------- 10,128 
Hydrated lime 2,444 
Dead-burned dolom ite 1,949 
Total: Dl. ð ˙ ³ Aß 8 14,521 
If; ˙³·w ES $199 , 389 
Average value per ton $13.7 
Open- marke. 8, 889 
Captive. ......... 2 rande ari 5,632 
Imports for consumption 101 
EXPN scsi lx kem icexsomdx cue 17 


1 Data may not add to totals shown because of rounding. 
? Selling value, f.o.b. plant, excluding cost of containers. 


Port Landing, Inc. began production at 
its new $2.5 million lime plant near 
Lovell, Wyo.; production was scheduled 
for highway base stabilization. Spreckles 
Sugar Co. reported a new lime plant for 
sugar beet refining at Spreckles, Ariz., 
was put into operation during 1967. 

Big Horn Calcium Co. built a $1 mil- 
lion, 250-ton-per-day lime plant at its 
Warren, Mont, limestone quarry; the 
plant will produce quicklime, hydrated 


1964 1965 1966 1967 

210 212 208 209 
11,370 12,009 13,195 13,438 
2,551 2,609 2,669 2,656 
2,168 2,176 2,193 1,880 
16,089 16,794 18,057 17,974 
$223,149 $232 ,939 $289 , 588 $241,137 
$13.87 $13.87 $13.27 $13.42 
9,802 10,449 11,451 11,461 
6,287 6,345 6,606 6,513 
123 276 196 123 
30 40 60 52 

lime, pebble lime, and sugar refining 


materials. Sierra Lime Products Corp. put 
its new 140-ton-per-day lime plant at Cool, 
Calif., into operation; undersize materials 
are processed to produce calcium oxide 
and calcium hydroxide. 


1Commodity specialist, Division of Mineral 
Studies. 

2 Utley, Harry F. Copper Concentrator is 
Primary Market for New Lime Plant. Pit and 
Quarry, v. 60, No. 6, December 1967, pp. 100- 
10 
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Clifstone Chemical Lime Co., Inc., put 
a new 200-ton-per-day lime plant into 
operation at Clifton, Tex.; the chemical 
lime will be used for water and paper 
processing, and steel, aluminum, and 
Magnesium manufacture. W. S. Frey Co. 
began production at a new high-calcium, 
rotary kiln lime plant at Clearbrook, Va.; 
fluxstone, agricultural lime, and quick- 
lime are produced in the 300-ton-per-day 
plant.’ 

A new lime kiln was installed by Paul 
Lime Plant, Inc., Paul Spur, Ariz., in- 
creasing capacity to 480 tons per day. 
Pete Lien & Sons, Rapid City, S. Dak., 
added a 200-ton vertical kiln; and 
Bethlehem Mines Corp., Annville, Pa., 
constructed a large rotary kiln at its 
Millard quarry. U.S. Gypsum Co. added 
a 300-ton rotary kiln at its New Braunfels, 


3 Levine, Sidney. The W. 
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Tex., plant, increasing capacity to 800 
tons; and also planned to add a 400-ton 
rotary kiln at its Montevallo, Ala. plant. 
National Gypsum Co. put into operation 
a 600-ton rotary kiln at its Kimballton, 
Va., plant, and also announced plans to 
expand its Gibsonburg, Ohio plant to 
supply lime to the metallurgical and glass 
industries. Ohio Lime Co. installed a 250- 
ton Parsons’ calciner, the first production 
model of this vertical shaft kiln, at its 
Woodville, Ohio plant. Olin-Mathieson 
Chemical Corp. replaced old vertical kilns 
with rotary kilns at its Saltville, Va., plant. 
St. Regis Paper Co. added the world’s 
largest lime sludge kiln at its Ferguson, 
Miss. plant; the 420 ton kiln is 1314 by 
375 feet. 

S. Frey Co., Cul- 


tivates Four-State Market. Rock Prod., v. 70, 
No. 7, July 1967, pp. 56-59. 


Table 2.—Lime, primary, sold or used by producers in the United States, by States 


(Thousand short tons ar.d thousand dollars) 


1966 
Sold Used Total 
State — <——— 
Ac- uan- Ac- Quan- Ac- Quan- 
tive  tity Value tive tity Value tive  tity Value 
plants plants plants 
, 5 4 W 7 699 38, 442 
Aron scd ee SS Cas 4 121 $1,928 3 97 $1,793 6 218 3,721 
Arkansas____.. . e ck wocerecucce 1 4 W 5 207 3, 004 
California... -------------------- 6 183 3,300 12 368 5,464 17 552 8,764 
Colorado... . l J... . aeme ied 2 W 13 w W 15 126 2,327 
LN E WE 2 Ww W 1 Ww W 3 135 1,966 
SEN EE 2 Ww 1 Ww W 2 10 320 
uin mme oA mates 2 W 2 W W 4 835 9,274 
aryland.__ issus sess Zeg 3 29 S»;o*ðo¹ 8 3 29 3 

Massachusetts 3 W w 2 w W 3 182 2,712 
Michigan... 25 2 2 2222s m2peo 4 721 8,503 8 980 11,513 11 1,701 20,016 

Mississippi... il 1 w W 1 W W 1 
Mise. ẽ 4 W W 1 W W 4 1,494 17,910 
////ö§;êoẽ0r m 4 225 2,116 4 22 2,116 
iir. et 1 34 472 1 34 472 
New York... E 1 3 3 1,096 9,870 
J!! 8 15 2,535 36, 075 8 1.322 14,921 19 3,858 50, 997 

Oklahoma. ..................--..- 1 W ANN bose ² Ee nS 1 
Oregon uu u, L i ee 2 W W 2 W W 4 116 2,283 
Pennsylvania 15 W W 1 W W 16 1.585 22,816 

Tennesse 2 W W A onice Daddss 2 
J/%)VVVVVV· AAVBUUñMm nud E E 9 763 8,826 6 710 9,870 14 1,473 18,696 
Utah. EEN 3 W W 4 W W 7 20 3,640 
Virginia o uc 2 Zt ehe eA 8 W W 2 W W 9 840 10,486 
West Virginia 3 W W 1 W W 3 240 3,492 
Wisconsin 5 W W 1 W W 6 204 3,186 
Connecticut, New Jersey, Vermont. 4 W W 1 W W 4 50 901 

Illinois, Indiana, Iowa, Minnesota, 
Nebraska, North Dakota, South 

Dakota, Wyoming 11 1.219 17,961 13 112 2,435 24 1, 331 20, 396 
Idaho, Nevada, Washington 4 W W 6 W W 10 378 6,164 
Undistributed !1_._....-.--------- --- 5,878 80,443 ... 2,757 33,582 ... 238 5,231 


W Withheld to avoid disclosiag individual company confidential data. 


1 Includes items indicated by s3 mbol W. 


? Data may not add to totals shown because of rounding. 
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Table 2.—Lime, primary, sold or used by producers in the United States, 
by States—Continued 


(Thousand short tons and thousand dollars) 


1967 
State Sold Used Total 
Ac- Quan- Ac- Quan- Ac- Quan- 
tive tity Value tive  tity Value tive  tity Value 
plants plants plants 

Alabama... . ³o»¹ eS eo ede x 5 504 $5,836 4 120 $1,883 7 624 $7,719 
Arizona ß eee 8 W W 4 W W 7 18 3,142 
Arkansas... .. ccc cec c css cessa 1 W 4 W W 5 187 2, 723 
California 6 209 3, 735 12 330 4,961 18 539 8,696 
Colorado 2 W W 11 W W 13 118 2, 028 
rie... 8 2 W W 1 W W 3 155 2,425 
E ua sl ou scenes cec een 2 W W 1 W W 2 8 265 
Louisiana 2 W W 2 W W 4 758 9,891 
Maryland... . -MMMaMMMMŅ 3 Ww WM tuus ek, eee 3 
Massachusetts 3 W W 1 W 3 195 3,044 
Menn 8 4 810 9,617 8 977 11,965 11 1,787 21,582 
Misch: e le 4 W W 1 W W 4 1,484 16,371 
ee ße e ` E ss 4 143 1,765 4 143 1,765 
New Mexico-__.... . . . . . .  .  . . d dese 88 1 17 243 1 17 243 
New Vork 1 W W 3 W W 3 1,139 10,570 

e ENE ONAE EE E E eee 15 W W 8 W W 19 3,636 48,817 
Oregon: olio ³ðVüu caus sees 2 W W 2 W W 99 2, 059 
Pennsylvania. ...............-..- 14 W W 2 W W 16 1,719 24,715 
/ ³»WAA2AAA ⁵⁰yʒ 8 9 843 10, 552 6 722 10,161 14 1,564 20, 718 
Utah: ucc ee a ee eee 3 W W 4 W 169 8,182 
tal ue vum eee cS .idccsR ie 9 W W 2 W W 10 829 10,345 
West Virginia. ..................- 3 w w 1 w w 8 217 -3,099 
Wisconsin... 5 211 3,407 1 1 7 6 212 3,414 
Connecticut, New Jersey, Vermont. 3 W MS omm AA Gc te 3 
Illinois, Indiana, Iowa, Minnesota, 

Mississippi Nebraska, North 

Dakota, Ae South Dakota, 

Te inessee, Wyoming 6 14 1,641 22,999 15 143 4,044 28 1,784 27, 042 
Idaho, Nevada, Washington 5 W W 6 W W 11 383 6,117 
Undistributed ) 7,244 100,642 ... 4,059 49,321 70 1,167 

ee enea OREN 120 11,461 156,787 104 6,513 84,350 1 17, ae 241,137 
Puerto gene su See NE 1 35 1,106. ... deste I ,106 


W Withheld to avoid disclosing individual company confidential data. 
1 Includes items indicated by symbo 
? Data may not add to totals shown because of rounding. 
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Table 3.—Regenerated quicklime produced in the United States 


(Thousand short tons and thousand dollars) 


1966 1967 
State 
Quantity Value Quantity Value 
RT, EE 399 $5,762 381 $5,405 
// ͤͤͤÄͥſ« ä¼ y 167 3, 248 17 3,488 
I/ôÜ· ß seme ee ces ote 47 1,136 118 2,525 
l Oo ace tse td hee 8 462 7,496 467 7,625 
Georgia. EEGEN 367 7,100 355 6, 653 
IJ. ee Oi e oit Bee eh an tees E 75 73 1,962 
ee e , i Le Me Ee eg 237 2,240 242 2,544 
Louisiana 1____ 2 ee 451 8,934 457 9,734 
IJ ⁰¹ümu᷑sĩ]ĩ?!(ß—0³ a a a a E 30 449 W 
Michigan bdo l... ee See ⁰ðꝙydd E y at tees Sat 40 508 Ww W 
A luo n ³⁰¹AAuAnAnA AAA en E EE 67 w 
North Carolina ke 337 3, 767 353 3,653 
Jõöxy y sa E ge 98 1,175 92 

PGöÄöð;ĩ;ꝛ⁊d h; ⁰0!-᷑:„ 8 190 4, 628 187 4, 546 
Pennsylvania... ͥͥ ⁰ ³ow-w-. bs 2 oa aes 23 378 23 400 
South Carolina a eee eee 307 3,175 314 3,184 
Tennesse ee 127 2,098 122 1,920 
PV DUNS EE 8 12 1,721 
Washington E GEES 446 10,322 414 9,596 
JJ ͥͥ]ͤ% ⁰ ⁰v.mm Sen Pers ns See 33 584 
Undistributed 2 ee 406 10, 004 581 11,496 

177!ßõÜ ³]˙Üͤ⁴n ] ⅛⁰ f ⅛ætꝶ = u Ee ee Ter eee 4,432 74,726 4,357 74,731 


W Withheld to avoid disclosing individual company confidential data; included with ‘‘Undistributed.” 
1 Includes hydrated lime to avoid disclosing individual company confidential data. 

2 Includes Maine, Mississippi, New York, Texas, and States indicated by symbol W. 

3 Data may not add to totals shown because of rounding. 


Table 4.—Number and production of domestic lime plants, by size of operation ! 


Annual production 


1966 v 1967 


— 


(short tons) 


Num- Production Per- 


Num- Production Per- 


ber of (thousand cent of ber of (thousand cent of 


S plants short tons) total plants short tons) total 
Less than 10,000______._. ß AE, 53 248 1 56 284 2 
10,000 to less than 25, ooo”, 40 673 4 37 604 3 
25,000 to less than BO.O00. rr 29 1,054 6 29 1,020 6 
50,000 to less than 100,000_____._-_---.-_-.------- 35 2,459 14 29 1,890 10 
100,000 to less than 20O0.000. : 22 3,063 17 25 2,810 16 
200,000 and over. lll lll... 29 10,560 58 33 11,366 63 

I.. ³ð u ⁵³ðVqbĩĩ ⁰ i ecu s 208 18,057 100 209 17,974 100 

r Revised. 


1 Includes captive tonnage. 


Descriptions of quarries, equipment, and 
products at several important plants were 
published. Dixie Lime & Stone Co.’s new 
200-ton calcimatic rotary hearth plant 
near Sumterville, Fla., produces pebble 
lime.“ Bethlehem Steel Company's new 
600-ton, circular refractory hearth plant 
at Hanover quarry, Pa. produces BOF 
steelmaking lime flux for its Sparrows 
Point, Md., steelworks.» Marblehead Lime 
Company’s new 1,000-ton plant at Buf- 
fington, Ind., furnishes BOF fluxing lime 
for the Gary, Ind., steel industry. Warner 


Company’s Bell-Mine pebble lime plant at 
Bellefonte, Pa., has a capacity of 1,500 
ton per day; stone is mined from the 960- 
foot level.’ 


4 Trauffer, Walter E. Dixie's New Lime Plant 
Uses Rotary Hearth Calciner. Pit and Quarry, 
v. 59, No. 11, May 1967, pp. 100-115. 

5 Levine, Sidney. Bethlehem’s New Lime 
Plant Provides 600 tpd BOF Flux. Rock 
Products, v. 70, No. 7, July 1967, pp. 63-67. 

6 Herod, Buren C. Marblehead Lime On Stream 
With New Indiana Plant. Pit and Quarry, v. 
59, No. 11, May 1967, pp. 116-125. 

7 Levine, Sidney. Fifth Lime Kiln Boosts 
Warner Co.’s Capacity. Rock Prod., v. 70, No. 
7, July 1967, pp. 60-62. 
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Table 5.—Lime sold or used by producers in the United States by uses 
(Thousand short tons) 
1966 1967 
Use 
Open Open 
market Captive Total market Captive Total 
Agriculturee kk | 199 (1) 199 174- i. 174 
Construction: | 
Finishing me c 512544 263 W 263 „ 231 
Mason s me cs 499 W 499 518 (2) 518 
Soil stabilization. .................. DIG centi 573 669 ......- 669 
Ghee... EXER ES N 74 I4. uu 14 
Undistribute(d LL 103 MOS? eer Gett fe 
Tol EE 1,409 103 1,512 1,433 (2) 1,433 
Chemical and other industrial: 
Alkalies (ammonium, potassium, and 
sodium compounds) 15 3,274 3,290 50 3,092 3,142 
Brick, sand-lime, slag, and silica.... 233 20 166ͤ uu 16 
Calcium cearbide -2-2-2-0 455 W 455 19 W 419 
ULT MEET 8 435 435 3 437 
Other chemical uses 53. 687 1, 238 1,925 671 1,277 1,949 
Metallurgical uses: 
AlUMINUM is eso ee ce 135 W 135 143 143 
Copper smelting... ---------------- 117 307 424 127 170 296 
Magnesium .. . . w 128 W 128 
Ore concentration 33. 60 uncus 60 63 .....-- 63 
Steel Mux ssc ces EES 3,657 384 4,041 4,005 676 4,681 
Metallurgy (other) ?................ 5 282 114 302 288 
Paper and pulp. .............-...-.-..- 896 98 994 878 92 970 
Sewage and trade-wastes treatment 310 54 365 322 49 371 
SU AE eect ee te ete ĩ y 8 545 575 27 536 563 
Water softening and treatment........... 150998 é- 1,095 1,019 4 1,023 
TOCA EE 7,970 6,182 14,152 8,290 6,198 14,488 
Refractory lime (dead-burned dolomite) . 1,872 321 2,193 1,565 315 1,880 
Grand total 3233. 11,451 6,606 18,057 11,461 6,513 17,974 


W Withheld to avoid disclosing individual company confidentiality. 

1 Included with open-market agricultural lime to avoid disclosing confidential data. 

2 Included with “Other chemical uses" to avoid disclosing confidential data. 

3 Includes finishing, mason’s, soil stabilization, and other. 

Data may not add to totals shown because of rounding. 

5 Includes alcohol, calcium carbonate (precipitated), coke and gas, food and food byproducts, insecticides 
medicine, and drugs, explosives, oil-well drilling, paint, petrochemicals, petroleum refining, rubber, tanning, 
salt, miscellaneous unspecified uses, mason’s lime, and items indicated by symbol W. 

6 Includes flotation, cyanidation, and bauxite purification. 

7 Includes wire drawing and various metallurgical uses, and items indicated by symbol W. 


CONSUMPTION AND USES 


Basic Oxygen Furnace (BOF) steelmak- 
ing was again the leading lime consumer, 
with a further 50-percent increase in 
lime use by this industry predicted within 
the next decade. The amount of lime 
produced by captive plants was expected 
to reach one-fifth of the total used for 
fluxing purposes by 1975.5 Also forecast 
was the growth of steel fluxing lime to 
40 percent of the commercial lime market 
by 1975. It was estimated that by 1975 
BOF steelmaking alone would use at 
least 6 million tons.° 

While lime usage in agriculture in 1967 
declined, aglime showed signs of increas- 
ing importance in this area. Laboratory 
work proved that liming enhances the 
action of fertilizers, and can be used in 


conjunction with them. Lime corrects 
high acidity created by fertilizers, and 
adds elements removed by high crop 
yields.!? 

Subgrade and soil stabilization with 
lime continued to expand, as special 
equipment was adapted to this use. A 
pulverizing mixer used on the new Kan- 
sas City airport was described.!! Overall 
lime stabilization tonnage was predicted 


8 Grancher, Roy A. BOP Steelmaking Will 
Revamp the Lime Industry. Rock Prod. v. 70, 
No. 4, April 1967, pp. 85-87, 114. 

9 Grancher, Roy A. Steel Flux Dominates 
Market for Lime. Rock Prod., v. 70, No. 3, 
March 1967, pp. 84—86, 110-112. 

10 Eastern Potash Newsletter. Lime: Profit- 
Making Foreman. No. E-130, 1967, 3 pp. 

11 Roads and Streets. Lime Bolsters Poor 
Airfield Subgrade, Speeds Paving Schedule. V. 
110, No. 8, August 1967, pp. 60-62. 
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960 1965 1970 


Figure 1.— Trends in major uses of lime. 


to grow at a steady rate of 15 percent per 
year. 

Other growing uses for lime, outlined at 
the National Lime Association convention, 
included building foundations, masonry 
lime, agriculture, water treatment, waste 
treatment, and drill lime stabilization. A 
great future for the lime industry was 
predicted.” 

Dead-burned dolomite, which dropped 
in tonnage in 1967 due to lowered use by 


the steel industry where it is used as a 
furnace-lining refractory, may find new 
use in treating furnace gases. Combustion 
Engineering, Inc. announced a successful 
new process using calcined dolomitic lime- 
stone which will remove 99 percent of the 
culfurous fumes from plant stack gases." 


12 Rock Products. More Change Predicted for 
Lime Industry. V. 70, No. 7, July 1967, pp. 84, 

13 National Lime Association. Limeographs. 
V. 34, July-August 1967, p. 5. 
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Table 6.—Destination of shipments of primary open-market lime sold in the United States 


(Thousand short tons) 


1966 1967 
State 
. Hydrated I Hydrated 
Quicklime lime Total Quicklime "lime Total 

Alabama ou ß ie hes 309 15 324 265 17 282 
32 manapas aun usu uuu Y W W 1 W W 1 
õͤõÄͤͤ³[5¹ W W 114 W W 95 
Arkansas- ll uu 8 16 19 84 12 19 31 
H de EEGEN 263 111 874 292 118 409 
Colorado- EE 66 26 92 81 25 107 
Gonneetieut. LL eee 70 27 96 76 24 100 
NDT EE 34 11 44 27 10 37 
District of Columbia W W W. W 8 
Florida 282qnünõĩ6ů.0 8 172 68 240 134 56 190 
fi 1 ³W A eects 105 19 124 86 17 103 
III ͥ ue W W w W W 
rr VA oE RAE W W 12 W 13 
Illinois E e EA .; 8 606 159 765 607 16 768 
Mi. sumo a D 925 64 989 1,084 65 1,149 
4 LX 87 19 106 71 25 96 
Kansas ENER 40 20 60 40 18 58 
Kentuee knn 418 18 436 495 18 513 
r ³˙i—w¹ ee use cuui n 167 52 220 151 64 215 
Mame- st ee Qu eo LA en ee 43 11 54 50 11 61 
Maryland EE 323 18 341 331 16 348 
Massachusetts W 39 W 37 
Meng 911 64 975 866 59 925 
Minnesota 110 17 127 112 15 127 
Mississipilll“... 78 46 124 76 15 91 
Missouri aos EE 125 51 176 144 34 178 
Montt: EE A 2 5 11 2 13 
Nebraska... oe Se ege %ð eu dn W W 20 W W 18 
NC . .. a we d ncn 88 W W 36 W W 29 
New Hampshire W W 10 W W 11 
New ers . . . . . . . —— 75 88 164 59 80 139 
New Mevien. 00a aaan 1 24 26 1 25 25 
New ssurst us ow N ctm ci 284 168 402 288 166 898 
North Carolina 70 30 100 78 81 110 
North. Daks t]. u uuu sss 1,257 w 12 W W 21 
RI Et u eu el ers ee mu uses 1,257 140 1,397 1,331 136 1,466 
Oklaboma. 2220an W w | 
OrégOl... c oe yt ce Li E 56 15 72 46 16 62 
Pennsylvania 1,351 178 1, 528 1,187 165 1,308 
Rhode Island... 222222 LL 2-2. .- 6 1 7 7 14 
South Carolina L2 Ll Lll lll 36 8 44 54 8 62 
South Dakota 13 23 36 20 26 46 
Tennessee 69 51 120 73 52 125 
OX AS EE 327 451 778 391 510 901 
NS EE aus Dk W W 84 W 81 
Vermont ͥ ⁰à ee u usss W W 2 2 
i an ee ee ewes 129 37 166 86 33 120 
Washington 69 16 85 60 15 75 
West Virginia 94 22 116 96 16 112 
Wisconsin ERECTO maaa ae ði d 8 89 53 143 86 62 147 
Wii MM W W 8 W 8 
Undistributed E SML eee ee 281 170 107 278 173 125 

Total United States 9,030 2,317 11,346 9,046 2,312 11,357 


W Withheld to avoid disclosing individual company confidentiality. 


1 Includes States indicated by symbol W. 


2 Data may not add to totals shown because of rounding. 


PRICES 


Quotations in the Engineering News- 
Record for delivered hydrated finishing 
lime in 1967 ranged from $60 per ton in 
Seattle to $27 per ton in Los Angeles. 
The average price reported for 17 major 
cities was $38.10 per ton. Prices for pul- 
verized quicklime ranged from $54 per 
ton in Denver to $26 per ton in Dallas, 


and averaged $34.96 per ton for 10 cities. 
The average delivered price for common 
hydrated lime, as reported from 16 
selected cities, was $33.38 per ton. 

The average value of lime sold or used 
by producers, f.o.b. plant, excluding the 
cost of containers, was $13.42 per ton, 


compared with $13.27 in 1966. 
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FOREIGN TRADE 


In 1967, Canada received 61 percent 
of U.S. lime exports and Mexico received 


23 percent. 


Imports from Canada represented 
virtually all of the combined import total 
for all types of lime in 1967. 


WORLD REVIEW 


Canada.—The 235-ton, rotary hearth 
lime kiln of. Algoma Steel Corp., Ltd., at 
Sault Ste. Marie, Ontario, was described. 
Producing flux for BOF steel making, the 


modern, fully automated plant can be 
operated by just one man.“ 
Jamacia.—Alcan Jamaica, Ltd. an- 


nounced plans for a $1.3 million expansion 
of the lime producing facilities at its 


and lime plant, to produce hydrated lime 
and quicklime. 


Puerto Rico.—Puerto Rican Cement 
Co. Inc., was completing a $2.3 million, 
250,000 barrel white lime plant at Ponce, 
P. R. 


Table 7.—U.S. exports of lime 


Kirkvine Works, 80 miles north of King- Year Short Value 
: : tons (thou- 
ston. Production will be used for process- sands) 
ing of alumina from bauxite at Alcan’s : 
Kirkvine and Ewarton plants. 19685. 40,036 $942 
; ngo — y 59,848 1,195 
Panama.—Empresas Asociadas, S. A., 1967--------.-------------- 52,143 1,099 
announced plans for a limestone quarry 
Table 8.—U.S. imports for consumption of lime 
Hydrated lime Other lime Dead-burned Total 
dolomite 1 
Year — uu — — — — 
Short Value Short Value Short Value Short Value 
tons? (thou- tons 2 (thou- tons 2 (thou- tons 2 (thou- 
sands) sands) sands) sands) 
1 E E 532 $10 215,816 $2,590 59,519 $2,385 275,867 $4,985 
19886 W 203 5 151,703 1,772 13,637 2,038 195,543 3,815 
KEE 545 12 79, 983 961 42,413 1,832 122,941 2,805 


1 Dead-burned basic refractory material consisting chiefly of magnesia and lime. 


? Includes weight of immediate container. 


TECHNOLOGY 


Research on new applications for lime 
took the spotlight in 1967, with important 
new techniques announced for agricultural 
liming, acid mine drainage control, lime 
kiln design and efficiency, soil mixing and 
pulverizing, and calcining. The Bureau 
of Mines published results of a study of 
the oxygen-converter steelmaking pro- 
cess. 35 

Lime producers presented results of 
agliming studies in tropical soils at the 
annual meeting of the National Lime As- 
sociation in San Juan, P. R. It is believed 
that liming to tropical soils will revive a 
lagging soil fertility more effectively than 
fertilizers. "8 
A new lime neutralization process for 
treating acid mine water was developed 


by Heyl & Patterson Co. of Pittsburgh. 
Capital costs are $150 to $250 per gallon 
per minute of capacity; operating costs 
are 10¢ to 15¢ per 1,000 gallons, most 
of which is for lime materials.!“ 

Two important papers on lime kiln 
design were published during the year. 
The metallurgical calculations and pro- 
duction results to be expected from a 


14 Mac Namara, John. Lime Plant at Algoma. 
Iron and Steel Eng., v. 44, No. 10, October 
1967, pp. 126-130. 

15 Tartaran, F. X., and J. D. Ruschak. Effect 
of Lime Structure in Oxygen Steelmaking. 
BuMines Rept. of Inv. 6901, 1967, 41 pp. 

Gen Geigel, Antonio R. Importance of Hydrated 
Lime in Tropical Agriculture. Pit & Quarry, 
v. PULS 5 d 1967, pp. 126-130. 

ationa ime Association. Limeographs. 
V. 84, July August, 1967, p. 4. SUE 
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standard-sized 500 ton-per-day rotary 
kiln were summarized.? The operating 


characteristics of the new Ultimos vertical 


18 Azbe, Victor J. Azbe Summarizes Design 
Requirements for Super Rotary Lime Kiln. 
Rock Prod., v. 70, No. 2, February 1967, pp. 
73-79, 112-113. 


kiln were listed. Calcination is controlled 
in a reducing atmosphere, and drawbacks 
of earlier vertical kilns are eliminated. !“ 

19 Azbe, Victor J. The Ultimos Kiln in Per- 


formance. Rock Prod., v. 70, No. 7, July 1967, 
pp. 74-77, 98. 


Table 9.—World production of quicklime and hydrated lime, including dead-burned dolo- 
mite, sold or used ! ? 
(Thousand short tons) 


1963 1964 1965 1966 1967 v 


BBHd8- ocn l het i I LARUM C 1,451 1,541 1,620 r 1,578 1,393 
; ³ðo¹w- ]! . y ue e e e 13 e 13 
Guatemalan Cette E 8 NA NA r 20 19 NA 
Nicaragua`- ⁵ ⁵ð ↄↄ¼½: Sow eee Ee e 31 29 29 30 NA 
Puerto Rico__ ⅛ ro.Ä y u eee 1 27 3 
United States (sold or used by producers) 14, 521 16,089 16,794 18,057 17,974 

South America: 

))JJ!Ü 0 su su ul TDS eae sus 1,332 r 1,586 1,344 1,400 NA 
err ³ E 107 110 r 119 NA 
PRIHPUAV IL . nsu deu e 19 20 20 19 19 
Fass 33 46 66 66 NA 
Venezuela 55 75 71 49 NA 

Europe: 

AUNLITIB :::: K A EEE 759 805 763 r 765 751 
Begins ho OS a usus 2,223 2,534 2,526 2,460 NA 
Bulgarii- . camas 830 919 938 NA 
Czechoslovakia... 2,485 2,587 2,743 2,716 NA 
Denn 8 67 7 179 165 NA 
Pinan Gass oe .... 8 229 265 270 250 e 255 
Fane 88 2,919 3,216 3,113 r 3,208 3,009 
Germany 

NN | MCCC 3,81 4,049 3,793 e 8,900 

Meat. o (h G 8 10,775 11,920 11,714 11,465 11,227 
e ß E S E E 6 811 782 
Ireland... ou cok ee yd Ud mds Eie 44 e 46 e 45 
be 6,283 5,622 5,622 5,622 e 5,620 
Maltü- 5 T ee ie tie Se eee eee aie 41 
Norway uc yuz ]ͤ AAA ee 125 r 114 r 251 r 259 e 260 
PONG DEE o s ehe i EEN 2,209 2,995 2,491 r 2,647 NA 
ATTEN r 1,329 r 1,146 r 1,132 r 1,154 1,157 
SEI 234 283 278 
EE r 856 r 948 r 967 1,063 e 990 
Switzerland_____..._..--.--_.----_---------- 203 221 195 184 NA 

0 SNNT 17,651 17,855 19,495 19,800 19, 800 
e iu eR ES Creme EE SEEDS 947 999 1,226 1,255 1,922 

Africa: 

Congo (Kinshasa) .......................--- 74 75 72 e 67 NA 
Ethiopia (including Eritrea )) Bi e 7 ° 4 21 25 
South Africa, Republic of (sale) 719 771 823 812 964 
South-West Africa, Territory ol. 4 3 NA 
Tanzania (sales and export) 2 10 6 

UDINE u Sus . LL LE Asc 146 193 e 192 190 187 
Uganda... ˙ ͤ·ß df eee cac aues ee 12 13 22 204 
ERR ]⅛» mr mt a NA NA 85 NA NA 

Asia 
/ ²⁰i¹¹Aö⁰ ˙ / - ce Ee 44 81 A 
1777777·ĩÜ1» wr my 86 1.527 1,798 1,865 2,219 3,897 
Kuwait. EE 1 
Lebani 6.2 ½%¾-ͥ ⅛ m. ĩͤ a O G e 39 e 29 e 44 e 72 55 
Mongolia ¢225502.2...cececcuciceecencnedsete 28 33 39 39 44 
Philippines 35 32 26 26 93 
Ryukyu Islands 1 NA NA 23 1 
Saudi wabhiss cade deus 7 NA 33 22 
ie ß 88 101 113 118 102 
Oceania: 
Australia 4- . oe ee Oe 117 113 178 167 NA 
Fiji CR, TE 6 4 r4 3 8 

Total EE 75,219 79,662 82,276 82,959 NA 

e Estimate. P Preliminary. r Revised. NA Not available. 


1 Lime is produced in many other countries of the world besides those listed. India and Mexico are among 
the more important countries for which official data are unavailable. 


? Compiled mostly from data available June 1968. 


3 For Europe the data includes lime only and in the case of France, high grade lime only. France's total 


lime production is much larger than that shown. 
4 Year ended June 30 of year stated. 


5 Total is of listed figures only; no undisclosed data included. 
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Magnesium 


By Robert F. Griffith ' 


Expansion of domestic production ca- 
pacity to meet increased demands, and re- 
search directed toward developing new 
markets, and improving the strength of 
magnesium alloys dominated the industry 
in 1967. Apparent consumption of primary 
magnesium, reached 100,000 tons. 


Legislation and Government Programs. 
—The national stockpile objective for mag- 
nesium was lowered on January 1, 1967, 
from 145,000 to 90,000 short tons. Inven- 
tory at yearend was 145,300 tons, and leg- 
islation was pending on the orderly dis- 


posal of the 55,000 ton surplus created by 
the lowering of the objective. Stockpile 
sales since March 1962 have totaled about 
33,500 tons, including 5,100 tons sold on a 
competitive bid basis in 1966—67, and 
17,650 tons sold on a negotiated basis dur- 
ing the same period. Reflecting the strong 
demand for magnesium, bids exceeded the 
586 tons of primary and alloy magnesium, 
offered for sale from the stockpile in 
March 1967. 


1Commodity specialist, Division of Mineral 
Studies. 


Table 1.—Salient magnesium statistics 


(Short tons) 


1963 1964 1965 1966 1967 
United States: 
Production: 
Primary magnesium 75,845 79,488 81,361 79,794 97 , 406 
Secondary magnesium 9,225 11,790 13,617 15,129 e 18,285 
Shipments: Primary . 72,255 74,580 85,796 96 , 448 100,743 
Imports for consumption... ...........- 1,850 2,227 ,951 8,265 9,213 
eee ß EEN 15, 484 15,949 17, 886 14,869 11,989 
Consumption 51,240 54, 748 69,622 82 ,678 98 , 230 
Price per pound cents 35. 25 35.25 35.25 35.25 35.25 
World: Primary production 157,156 165,927 178,318 179,844 202, 608 


e Estimate. 


DOMESTIC PRODUCTION 


The 22 percent increase in primary mag- 
nesium production to 297,400 tons, the 
highest since 1952, represented domestic 
capacity. To meet increasing demand, 
through plant expansions and process im- 
provements the two primary magnesium 
producers increased annual domestic cap- 
acity to 103,750 tons at yearend. The Dow 
Chemical Co., operating electrolytic plants 
at Freeport and Velasco, Tex., increased 
annual capacity to 95,000 tons and an- 


nounced plans for an additional increase 
to 120,000 tons by mid-1968. Alamet Divi- 
sion of Calumet and Hecla, Inc., producer 
of magnesium by the silicothermic process 
at Selma, Ala., increased annual capacity 
from 7,200 to 9,000 tons. In 1966, this com- 
pany put on stream an automated plant 
for producing the ferrosilicon that is used 
for reduction in its process for producing 
primary magnesium. Production by Chas, 
Pfizer & Co., Inc., was discontinued in 1966. 
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Table 2.—Magnesium recovered from scrap processed in the United States, by kinds of 
scrap and forms of recovery 


(Short tons) 


1963 1964 1965 1966 1967 
Kind of scrap: 
New scrap: 

Magnesium- base 4, 183 4, 505 6, 306 6,462 5,062 
Aluminum base 2, 848 3,177 3, 643 4,127 e 4,150 
Bp WEE 7,081 7,682 9,949 10,59 9,212 

Old scrap: E CH 
Magnesium-base. ................- 1,150 2,998 2,232 8,321 2,973 
Aluminum-base `. -2-2-2 -------- 1,044 1,110 1,436 1,219 e 1,050 
Toake curan e ee 2,194 4,108 3,668 4,540 e 4,023 
Grand total ................. 9,225 11,790 13,617 15,129 e 13,235 

Form of recovery: i 
Magnesium alloy ingot 1___. 2,227 . 2,875 2,138 5,202 8,760 
Magnesium alloy castings (gross weight) 404 37 14 24 39 
Magnesium alloy shapes 15 50 58 70 103 
Aluminum alloy 3,839 4,468 7,947 6,336 e 5,948 
Zinc and other alloys. ................- 435 23 23 17 18 
Chemical and other dissipative uses. 754 588 542 281 25 
Cathodic protection 1,491 8,749 2,895 3,199 3,342 
l ĩðVAĩ 9, 225 11,790 13,617 15,129 e 13,235 
e Estimate. 


1 Figures include secondary magnesium content of both secondary and primary magnesium alloy ingot. 


Construction was completed on the first 
phase of a project to extract magnesium 
chloride and other salts from the Great 
Salt Lake by Great Salt Lake Minerals & 
Chemicals Corp., a joint venture of Lith- 
ium Corporation of America, Inc., and 
Salzdetfurth, A.G., of Hanover, West Ger- 
many. Initial capacity is estimated at 300,- 
000 tons of magnesium chloride per year. 
The Dow Chemical Co. has an agreement 
to purchase a substantial quantity of this 
production, and announced plans to con- 
struct a magnesium production plant in 
the Pacific Northwest with startup timed 
for 1971. Four other companies were con- 
sidering plans for magnesium plants in the 


Pacific Northwest because low-cost elec- 
trical energy is available and because the 


paper industry provides a market for 
byproduct chlorine. 


Plans were also made to construct a 
30,000-ton-per-year electrolytic magnesium 
plant near Snyder, Tex. Slated to be on 


stream by May 1969, the plant will be op- 
erated by American Mangesium Co. of 
Tulsa, Okla., owned one-third by Pullman, 
Inc., of Chicago. Magnesium will be pro- 
duced from area brine wells that contain 


. up to 11 percent magnesium chloride. A 


power contract was made with the Texas 


. Electric Service Co. 


CONSUMPTION AND USES 


Increased use of magnesium in structural 
applications offers the best opportunities 
for the industrys growth. However, in 
1967, sacrificial and distributive uses, in 
which magnesium is desired for its chem- 
ical properties, accounted for 70 percent of 
total consumption; only 30 percent was 
used for structural purposes. Using cost 
versus unit volume as a determining fac- 
tor, magnesium is competitive with alum- 
inum in structural applications. The cost 
of primary magnesium ingot is about 40 


percent higher than alurninum, but mag- 
nesium is 50 percent lighter. With present 
technology, however, the cost of extruding 
aluminum ingot is about 10 cents per 
pound compared with 30 to 35 cents per 
pound for magnesium. 

Magnesium's attractive structural prop- 
erties include low specific weight, good 
machinability, hot formability, and high 
strength. The principal structural applica- 
tions are in industries involving aircraft 
and missiles, automobiles, materials han- 


MAGNESIUM 


dling, and power tools, such as powersaws - 


and lawnmowers. Magnesium sand-casting 
foundries operated at peak capacity to 
supply the components of military and 
commercial aircraft. Most airplane wheels 
are made of magnesium. One-fourth of the 
weight of Mariner 4, was magnesium, 134 
pounds out of 572. 

Foreign and doméseic enterprises are 
finding increased need for the desirable 
qualities of magnesium in their manu- 
factures. Italy's Fiat Motor Company in a 


new production model, the Dino, uses 59. 
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pounds of magnesium per vehicle in 18 
parts, including the wheels. Mass produc- 
tion of magnesium wheels for the domestic 
automotive: industry is a large potential 
market that is being investigated. 
Aluminum. alloys accounted for 32 per- 
cent of magnesium consumption in 1967. 
Although production of titanium and zir- 
conium metals increased, a corresponding 
increase in use of magnesium as a reducing 


agent, was not reported probably because 


of the practice of recycling magnesium at 
a plant of a major producer of titanium. 


Table 3.—Consumption of primary magnesium (ingot equivalent and magnesium content 


of magnesium-base alloys), in the United States by uses 


(Short tons) 


Use 1963 1964 1965 1966 1967 
For structural products: 
Castings: | ' 
I m 3,280 2,229 2,959 3,961 5, 420 
Tier 2.552552 205 x 5,580 4,757 5,599 4,980 9,080 
Permanent mold 1,400 732 814 632 770 
Wrought products: 
Sheet and plate 5,650 4,89 4,987 6,075 W 
Extrusions (structural shapes, tubing) 3,370 4,419 2 5,995 27,100 314, 520 
Parg ids 220 293 W W W 
Otel sede ie eect BEEN 19,500 17,327 20,304 22,748 29,790 
For distributive or sacrificial purposes 
eh TEEN 1,175 
Aluminum alloy 21,780 21,880 26,266 30,862 81,244 
Zinc alloys- --_----------------------- 70 9 13 100 53 
One, mú d EE 1,420 1,705 2,216 1,975 2,970 
Scavenger and deoxidiz er 150 141 170 195 | 
Chemical... ce em T uu eee 470 2,684 3, 806 4,604 5,214 
Cathodic protection (anodes) ......... 2,985 4,983 4,597 4,670 5,100 
Reducing agent for titanium, zirconium, 
hafnium, uranium, and beryllium 4__ . 3,070 3,764 8,467 8,429 6,704 
M/ ³owww ³ 6 mad en 620 2,165 3,660 9,095 17,755 
OGG EE 31,740 37,421 49,318 59, 930 68,440 
Grand total.. --------------------- 51,240 54,748 69,622 82,678 |. 98, 230 


W Withheld to avoid disclosing individual company confidential data. 
1 Includes primary metal to produce small quantities of investment castings. 


2 Includes ‘‘Forgings.”’ 
3 Includes “Sheet and plate" and “Forgings.” 


4 Quantity used for reduction of uranium not included in 1964. 
Includes primary metal for experimental purposes, debismuthizing lead, and 88 nodular iron, 


secondary magnesium alloys, and powder. 


PRICES 


The quoted base price of primary mag- 
nesium, in 10,000-pound lots, 42-pound 
slabs, 99.80-percent magnesium remained 
at 35.25 cents per pound f.o.b. U.S. plants. 
Sales were made to aluminum smelters 
and alloyers for 32.25 cents per pound. 
GSA accepted bids for grade A magnesium 
(minimum 99.80 percent) in minimum 
lots of 10,000 pounds at prices ranging 
from 32.33 to 32.65 cents per pound, and 
for grade 2 magnesium alloy containing 3.5 
to 5.0 percent aluminum, 0.2 to 0.5 percent 


zinc, 0.15 to 0.4 percent manganese, and 
minimum 93.8 percent magnesium at 
prices ranging from 28 to 28.05 cents per 
pound. 

The quoted price for magnesium alloy 
ingots (AZ63A, AZ91C, and AZ92A) con- 
taining aluminum, zinc, and manganese 
was 40.75 cents per pound at yearend. 

Magnesium sold during the year in 
Canada for 31.0 cents per pound, in West 
Germany for about 25 cents, in France for 
34.0 cents, and in Italy for 35.56 cents. 
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STOCKS 


On December 31, 1967, producer and 
consumer stocks were 10,751 short tons of 
primary magnesium and 2,122 tons of 
primary magnesium alloy ingot, an in- 


crease of 1,251 tons of primary magnesium 
and 328 tons of primary magnesium alloy 
ingot from stocks at the beginning of the 
year. 


Table 4.—Stocks and consumption of new and old magnesium scrap in 


the United States in 1967 
(Short tons) 
| Consumption 
Scrap item Stocks, Receipts Stocks 
Jan.1* New Old Total Dec. 31 
scrap scrap 

Cast sera 621 3,718 151 3,631 8,782 557 
Solid wrought scrap ------------------- 2,441 6,200 6,011 6,031 2,610 
J7J%%%%⁵˙ ¾ͤ⁰ ß ̃ͤ . D eee 3,062 9,918 6,182 8,631 9,818 8,167 


r Revised. 
1 Includes borings, turnings, drosses, etc. 


FOREIGN TRADE 


Exports of primary metal to West Ger- 
many, principally for use in the Volks- 
wagen, declined almost 14 percent. The 
decline reflected Volkswagen’s reduced out- 
put but still accounted for nearly 60 per- 
cent of the total export. 
= Imports for consumption of magnesium 
in all forms increased sharply over those 
for 1966, while exports declined 15 percent, 
reflecting the strong domestic demand. 
About 7,250 short tons of primary mag- 
nesium were imported from three coun- 


tries: Norway, 51 percent; Canada, 26 per- 
cent; and the U.S.S.R., 23 percent. 

In late 1966 and early 1967, The Dow 
Chemical Co. bought 2,200 tons of primary 
Magnesium on the European Market from 
the U.S.S.R. to meet short-term require- 
ments caused by the Viet-Nam situation 
and increasing consumer demand. The 
reported price was about 25 cents per 
pound. 


2 Chemical & Engineering News. V. 45, No. 8, 
Feb. 20, 1967, p. 27. 


Table 5.—U.S. exports of magnesium, by classes and countries 
(Short tons) 


1966 1967 
Primary Semifab- Primary Semifab- 
Destination metal, alloys, ricated metal, alloys, ricated 
and scrap forms, n.e.c., and scrap forms, n.e.c., 
including including 
powder powder 
Porn) ER 96 13 124 12 
Australia... o unos 433 10 45 28 
Belgium-Luxembourg. ...................- 84 13 8 26 
Brazil... 22:2) m y 8 DS ` ve" SE 868 550 
/ͥĩ¹“Ü1¹12eéũ A i m Dri 1,930 319 1,465 203 
France -e oeei enea e y u us 43 2 97 23 
Germany, We 8,099 19 6,999 4 
Oe es oe ¼¼¼ꝛtx EN E 12; 8 28 2212 
T o som x S Re Day SESE 62 22 810 23 
777////õ; E EE 291 14 95 69 
, ß ee eee ms 689 32 353 59 
Spain ))))))ßF 'r!!! 8 210 1 222 1 
United Kingdom. ............... 2... 1,064 10 718 21 
Venezuela______ l... 54 16 149 45 
OUNCE 2 o 8 289 84 408 120 
(ö ³oð¹ww-ä USE Lun S e e 14,869 579 11,989 1,184 


MAGNESIUM 
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Table 6.—Exports and imports for consumption of magnesium 


Exports 
Year Metal and alloysin crude Semifabricated forms, 
form and scrap n.e.c. 
Short Value Short Value 
tons (thousands) tons (thousands) 
1968... se ³ĩðV.³U K 8 17, 836 $10,265 484 $1,260 
%%“... 8 14, 869 8, 858 579 1,887 
KENE 11,989 7,182 1,184 1.983 
Imports 
Powder, sheets, tubing, 
Metallic and scrap Alloys (magnesium content) ribbons, wire, and other 
forms (magnesium content) 
Short Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
1965........ 2,551 $1,101 327 $ 760 103 $128 
1966________ 8,265 1,613 689 1,656 b 86 
1967 9,213 4,909 354 1, ,529 153 498 
The duty on magnesium and scrap re- idental Proclamation 3822, authorizing 


mained at 40 percent ad valorem; alloys 
were 16 cents per pound of magnesium 
content plus 8 percent ad valorem; and 
wrought magnesium was 13.5 cents per 
pound plus 7 percent ad valorem. Duty on 
metal waste and scrap was temporarily 
suspended through June 30, 1969. Pres- 


reductions in tariffs in accordance with the 
Kennedy Round trade agreements, was 
signed in December 1967. The first stage 
of tariff reductions, applying to calendar 
year 1968 and becoming effective January 
1, 1968, included magnesium. 


WORLD REVIEW 


The United States accounted for almost 
50 percent of the estimated world pro- 
duction of 203,000 tons of primary mag- 
nesium in 1967. Total world planned cap- 
acity, to be completed in 1969, is estimated 


at 285,000 tons. 

Import quotas for member countries of 
the European Economic Community were 
established for the first 7 months of 1967, 
by the EEC commission as follows: West 


Table 7.—World production of primary magnesium, by countries ! 


(Short tons) 
Country 1963 1964 1965 1966 1967 » 

Canada conoce te e d 8,907 9,353 10,108 r 6,723 8,685 
Chini 2. ons ⁰dt te ma tss 1,000 1,000 1,000 1,000 1,000 
France c2 cee Se eel deed nons 1,921 1,090 r 3,182 r 3,770 4,597 
Germany, West |... 22.2 ccc cllc 2l llc l 550 550 550 r 220 e 220 
EE 6,092 6,645 6,959 r 7,165 e° 7,800 
Japan EE ͤ⁰ S S E eA 4 2,689 4 3,287 44,172 r 45,832 e 1,000 
NOrWay -2-2-0 z 20,000 24,800 r 29,100 r 81,195 e 81,400 
WSS EE 85,000 85,000 36,000 40, 000 45,000 

United Kingdom $ d r 5,152 r 5,264 r 5, 986 r 4, 145 ($) 
United States 75,845 19,488 81,361 79,794 97, 406 
l bo K hae 157,156 165,927 178,818 179,844 202,608 

e Estimate. p Preliminary. r Re 


vised. 

! Compiled mostly from data available March 1968. 

2 Conjectural, denoting an order of magnitude. 

Estimate according to the 54th annual issue of Metal Statistics (Metallgesellschaft), except for 1967. 

* In addition, the following amounts of secondary magnesium were produced: 1968, 1,556; 1964, 2,478; 
1965, 4,590; and 1966, 5,757 short tons. 

5 Primary metal and remelt alloys. 

* Primary production suspended June 1966. Remelt alloy production in 1967 estimated to be 4,200 short 


ons. 
7 Total is of listed figures only; no undisclosed data included. 
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Germany, whose annual consumption is 
about 42,000 tons, was allowed to import 
9,450 tons at the low duty of 1.5 percent; 
Belgium, 291 tons; and the Netherlands, 
262 tons. 

Canada.—Dominion Magnesium Ltd., 
the only Canadian producer, operated at 
about 75 percent of its 11,500-ton-per-year 
capacity, producing 8,685 tons, valued at 
nearly $5 million. At the beginning of the 
year, all 15 furnaces were in operation, 
producing high-purity magnesium by treat- 
ing 350 tons of dolomite per day by reduc- 
tion with ferrosilicon. Two furnaces were 


shut down in early June because of de- 


creased requirements from the United 
Kingdom. 

Italy.—- Negotiations were held between 
The Compagnia Generale del Magnesio 
and officials of the Syracuse, Sicily, indus- 
trial area for construction of a magnesium 
plant there.? 

Japan.—Two Japanese companies use 
ferrosilicon reduction in processing mag- 
nesium. Ube Kosan KK, which began pro- 
duction in the second half of 1966, an- 
nounced plans to increase annual capacity 
from 2,200 to 5,500 tons. The older pro- 
ducer, Furukawa Magnesium Co. Ltd., op- 
erated its 5,500-ton plant at near capacity. 


Furukawa also has a remelt production 
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capacity of about 3,800 tons. The principal 
market for both companies is the Japanese 
titanium industry. 


Norway.—Norsk-Hydro Elektrisk A/S, 
the sole producer of magnesium in Nor- 
way, continued its expansion program to 
attain an annual capacity of 40,000 tons 
by the end of 1967.5 Exports to West Ger- 
many dropped from 30,400 tons in 1966 to 
24,500 tons in 1967, reflecting Volkswagen's 
reduced requirements. 


Saudi Arabia.—The State-owned oil 
company, Petromin, solicited bids for a 
plant to produce 20,000 tons of magnesium 
per year, 56,000 tons of chlorine, 20,000 
tons of hydrochloric acid, 15,000 tons of 
magnesium oxide and 500,000 tons of 
salts. The plant would utilize solar evap- 
oration to recover magnesia from Arabian 
Gulf marshes.“ 


United Kingdom. Production of mag- 
nesium by Magnesium Elektron Ltd., the 
only producer, was suspended in June 
1966. The company’s Clifton Junction fac- 
tory continued to process and sell primary 
magnesium imported from Norway.’ Im- 
ports from Norway more than doubled 
during the first 6 months in 1967 compared 
with the same period in 1966, increasing 
from 684 to 1,543 tons. 


TECHNOLOGY 


The relatively high price of magnesium 
is a major factor in limiting its use, accord- 
ingly, research was directed toward lower- 
ing production costs. The second in a 
series of cost analyses of production meth- 
ods was published.? 

Great Salt Lake contains the largest 
reserve of high-grade brine in the United 
States. At current market prices the dis- 
solved salts have an estimated value of $50 
billion, about half of which is represented 
by magnesium chloride. There has been no 
commercial recovery of salts other than 
sodium chloride from this resource, prim- 
arily because the high sulfate content pre- 
sented formidable technical problems. A 
report was published describing a process 
for removing sulfate from natural brines, 
including sea water, in which sodium car- 
bonate and sulfur or sulfuric acid are re- 
covered as byproducts in sufficient quan- 
tities to more than defray the cost of desul- 
fation.? 


The entire field of magnesium tech- 
nology, from metal extraction to the fin- 
ished component, was reviewed. Special 
reference was made to the chemical and 
metallurgical principles involved.!? 

A paper was presented at the annual 


meeting of the Magnesium Association, 


3 Metal Bulletin (London). No. 5248, Nov. 14, 
1967, p. 26. 

4 Metal Bulletin (London). Ube Expanding 
EE Output. No. 5191, Apr. 24, 1967, p. 


5 Mining & Minerals Engineering (London). 
V. 3, No. 8, August 1967, p. 284. 

6 Metal Bulletin (London). No. 5245, Nov. 3, 
1967, p. 17. 

7 Light Metal Age. Magnesium Production 
Stopped. V. 24, No. 5-6, June 1966, p. 18. 

8 Elkins, D. A., P. L. Placek, and K. C. Dean. 
An Economic and Technical Evaluation of Mag- 
nesium Production Methods, BuMines Rept. of 
Inv. 6946, 1967, 74 pp. 

9 George, D'Arcy R., J. M. Riley, and Laird 
Crocker. Preliminary Proccss Development 
Studies for Desulfating Great Salt Lake Brines 
and Sea Water. BuMines Rept. of Inv. 6928, 
1967, 34 pp. 

10 Emley, E. F. Principles of Magnesium 
EE Pergamon Press, New York, 1966, 

pp. 
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summarizing the problems of corrosion of 
Magnesium and enumerating solutions to 
these problems. It includes a discussion of 
protective coating materials developed to 
combat magnesium corrosion.“ Recog- 
nizing that marketing strategy cannot be 
based on light weight alone, magnesium 
industry research placed emphasis on de- 
veloping  high-strength alloys, studying 
magnesium corrosion problems, and per- 
fecting magnesium batteries. 

Magnesium rare-earth alloys are used in 
moderate temperature applications where 
a lightweight alloy with good creep resist- 
ance is required. They may be strength- 
ened by age hardening and heat treatment 
in a hydrogen atmosphere for use in air- 
craft and missiles. A report on the mag- 
nesium-cerium system was published, and 
results of studies on magnesium-heavy 
rare-earth alloys were released.!“ 

Magnesium-lithium alloys, the lightest 
metals commercially available today, are 
also used in aircraft, missile, and space 
applications. Sound investment castings, 
from commercially available forms, can be 
made by techniques developed at Frank- 
ford Arsenal, Philadelphia, Pa. Research 
continued on development foundry tech- 
niques for the production of lightweight 
castings.!* 

Magnesium-lithium alloys can compete 
on a strength basis with many commer- 
cially wrought and cast light metal alloys.!? 

A high-strength, wrought magnesium- 
base alloy, the strength of which can be 
significantly improved by heat treatment, 
was developed by Birmetals Ltd. of Wood- 


698 


gate, Birmingham, England. The alloy, 
having a nominal composition of 6 percent 
zinc, 1.2 percent manganese, and 92.8 per- 
cent magnesium, is designated as ZM 61. 
It has been mainly developed for use in 
extruded and forged forms.“ 

A battery using replaceable magnesium 
plates as the anode, oxygen from the air 
as the cathode, and salt water as the elec- 
trolyte was developed by General Electric 
for the U.S. Marine Corps. This light- 
weight portable battery has an energy den- 
sity per pound of about five times that of 
the average lead acid battery, and is easier 
to recharge." About 1.5 pounds of mag- 
nesium is used per battery, therefore, a 
significant increase in magnesium con- 
sumption would result if large production 
is attained. 


11 McFarland, R. Light Metal Age. V. 25, 


No. 5-6, June 1967, pp. 12-14. 

12 Crosby, R. L., and J. L. Holman. Inter- 
mediate Phases in the Magnesium-Cerium Sys- 
tem Between Magnesium and MgsCe. BuMines 
Rept. of Inv. 6866, 1966, 18 pp. 

13 London, R. V., E. Edleman, and H. 
Marcus. Development of A Wrought High- 
Strength Magnesium-Yttrium Alloy. Frankford 
Arsenal (Philadelphia, Pa.), Rpt, A66-13, June 
1966, 16 pp. 

Ogren, J. R., N. J. Magnani, and J. F. Smith. 
Thermodynamics of Formation of Binary Rare 
Earth-Magnesium ` Phases With CsCl-Type 
Structures. Trans. AIME, v. 239, No. 6, June 
1967, pp. 766-771. 

14 Saia, A., R. E. Edleman, and H. L. Gilmore. 
The Gating and Risering of Counter-Gravity 
Poured Magnesium-Lithium Castings. Modern 
Casting, v. 50, No. 1, July 1967, pp. 105—114. 

15 Materials Engineering. Magnesium-Lithium 
Alloys: Lightest Commercial Metals. V. 66, No. 
1, July 1967, pp. 35-41. 

16 Magnesium News Letter. February 1967, 4 


pp. 
17 American Metal Market. V. 74, No. 116, 
June 19, 1967, p. 4A. 
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Magnesium 
By Robert 


World production of magnesite re- 
mained about the same as that of 1966. 
The Soviet Union continued as the prin- 
cipal producer and accounted for 30 per- 
cent of the estimated world total. Pro- 
duction of magnesite in the United States 
decreased 18 percent from the high set in 


Compounds 
F. Griffith! 


1966. U.S. exports of dead-burned mag- 
nesite and magnesia decreased 12 percent 
from those of 1966. The value of exported 
caustic-calcined magnesia increased 29 per- 
cent due in part to an increase in unit 
value from $228 to $269 per short ton. 


Table 1.—Salient magnesium compounds statistics 
(Thousand short tons and thousand dollars) 


1963 1964 1965 1966 1967 
United States: 
Caustic-calcined and specified magnesias: 1 
Shipments: 
Quantity_-_ ee 80 84 90 99 114 
NV alie ooa $7,655 $8,562 $9,163 $9,686 $11,250 
Imports for consumption: 2 
e $500 $493 $592 $743 $585 
Exports: 2 
STEE $678 $1,654 $1,637 $1,627 $2,095 
Refractory magnesia: 
Sold and used by producers: 
Quantity. ⁰ eG 713 842 897 852 688 
ill. 8 $44,378 $49,220 556,100 $52,290 $42,679 
Imports: 
Ile ia $4,593 $3,180 $4,214 $8,139 $5,171 
Exports: 
ü. ch ici $5,620 $5,554 $5,912 $6,208 $5,889 
Dead-burned dolomite: 
Sold and used by producers: 
Quantity et e's 1,949 2,168 2,176 2,193 1,880 
A ⁵ĩð2â ee Gs ot $33,058 $87,961 $39,606 $389,725 $34,083 
Imports: 
Malle o Gn apu pus ha A u Z U $455 $1,165 $2,385 $2,038 $1,832 
World: Crude magnesite: Production: | 
Quantity. ½ ̃ ͤ y md debe rare 9,901 10,516 11,060 11,008  *11,050 
e Estimate. 


1 Excludes caustic-calcined magnesia used in production of refractory magnesia. 


2 Caustic-calcined magnesia only. 


DOMESTIC PRODUCTION 


Nevada and Washington supplied all 
of the crude magnesite produced in 1967. 
Basic, Inc., the sole producer in Nevada, 
also reported declining production of 
brucite from its Gabbs, Nev., property; 
25 percent of that in 1966. Harbison- 
Walker Refractories Co., parent company 
of Northwest Magnesite Co., the sole 
producer of crude magnesite in Washing- 
ton, merged with Dresser Industries, Inc., 


of Dallas, Tex. It was announced that all 
operations at this Chewelah, Wash., 
complex would be shut down by mid- 
1968, because of the availability of lower 
cost, imported magnesite for the Eastern 
U.S. markets. 

Approximately 88 percent of the dead- 
burned dolomite was produced in Ohio, 


1 Commodity specialist, Division of Mineral 
Studies. 
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Illinois, Louisiana, Pennsylvania, and 
West Virginia. Crude olivine was produced 
in Washington and North Carolina, in- 
creasing 6 percent over 1966. 

Michigan led in the production of re- 
fractory magnesia from well brines, sea 
water or dolomite. Refractory magnesia 
from the same sources was also produced 
in California, Florida, Mississippi, New 
Jersey, and Texas. Nevada led in the 
production of refractory magnesia from 
magnesite and brucite; Washington was 
second. Producers sold 415,987 tons of 
refractory magnesia in 1967 and con- 
sumed 271,718 in their own plants for a 
total of 687,705 tons valued at $42.7 mil- 
lion compared with 852,129 tons in 1966 
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valued at $52.3 million. The unit value 
of shipments was applied to producers’ 
consumption to calculate a total value. 

Kaiser Refractories, a division of 
Kaiser Aluminum & Chemical Corp., 
installed new facilities at its Moss Land- 
ing, Calif., plant to increase production of 
high-purity periclase (refractory mag- 
nesia). 

Production of hydrous magnesium sul- 
fate declined 8 percent and magnesium 
trisilicate 9 percent. 

Small quantities of magnesium nitrate, 
magnesium phosphate, magnesium acetate, 
and anhydrous magnesium sulfate were 


also produced. 


CONSUMPTION AND USES 


Consumption of olivine increased over 
that of 1966 while consumption of crude 
magnesite decreased. 

Consumption of hydrous magnesium 
sulfate decreased 6 percent; that of mag- 
nesium trisilicate decreased 7 percent. 
Consumption of anhydrous magnesium 
chloride, principally for the production 
of magnesium metal, increased 24 per- 
cent, and hydrous magnesium chloride 
increased 66 percent. 

About 1.5 million short tons of mag- 
nesuim hydroxide was produced and 
consumed in processing of other mag- 
nesium compounds, including magnesium 
chloride used in the production of mag- 
nesium metal. It was either used in the 
originating plant or transported to another 
plant to continue the process. About 65,- 
000 tons of magnesium hydroxide was 
shipped outside the industry, a decrease 
of 12 percent below that of 1966. 

Consumption of refractory magnesia, 
both  single-burned and  dead-burned, 
decreased 20 percent to 683,700 tons. The 
rate of construction of basic oxygen steel 
furnaces (BOF) apparently declined in 
1967, causing a drop in the demand for 
refractory magnesia used in the initial 
installation. Although the BOF process 


requires better refractory material than 
other processes, replacement is less fre- 
quent. More than 150,000 tons of steel 
was poured from one 300-ton BOF be- 
fore it was necessary to replace the lining 
of impregnated magnesite brick. Less than 
6 pounds of refractory was consumed per 
ton of steel produced. 

About 114,000 tons of caustic-calcined 
magnesia, an increase of 13 percent, was 
consumed for uses excluding consumption 
as an intermediate material in processing 
of refractory magnesia. 


Table 2.—Dead-burned dolomite sold in 
and imported into the United States 


(Thousand short tons and thousand dollars) 


Sales of domestic Imports ! 
product 
Year — —— Y  ——-nYF 
Quantity Value Quan- Value 
tity ? 
1963. ....... 1,949 $838,058 9 $455 
198. „168 37,961 29 1,165 
1965____..-.- 2,176 39,606 55 2,385 
1966. ....... 2,193 39,725 44 2,038 
L967 26222222 1,880 34,088 42 1 ,832 


pO 


1 Dead-burned basic-refractory material comprising 
chiefly magnesium and lime. d 
2 Includes weight of immediate container. 
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Table 3.—Magnesium compounds produced and shipped in the United States 


Year and product 


Shipped and used 
Plants Produced ——— n- 


(short tons) Short tons Value 
(thousands) 
1966; 
Refractory magnesia ---------------------------- fir — unes 852,129 $52,290 
Caustic-calcined 3 and Specified (U.S.P. and technical) mag- 

He8108B 2 ] ⁰ð¹ .. GEO. Aint ds? 99,369 9,686 
Magnesium hydroxide (100 percent Mg (OH) 2) 22.8 74,632 3,138 
Magnesium chlorides ?....... 2... 2L c Lc ccc ccc llc... 7 306,231 305, 471 21,385 

5 magnesium carbonate 22 5 œ LL. 9,407 . ...... 
Refactory magnesia !_____.__________._________________. | v NO SES 687, 705 42,679 
Caustic-calcined ? and Specified (U. S. P. and technical) mag- 

iin A rn 114,247 11,250 
Magnesium hydroxide (100 percent Mg (OH) 2) 2ꝛ⁊ꝛ⁊ WV | ......- 5,463 2,688 
Magnesium chlorides *____.._.____.._.--_-_---...----_--- 6 389 , 636 882 ,929 26,396 
Precipitated magnesium carbonate 9.2 — 54 


1 Includes both single-burned and double-burned. 


2 Excludes material produced as an intermediate step in the manufacture of other magnesium compounds. 
3 Includes magnesium chloride used in production of magnesium metal. 


Table 4.—Domestic consumption of caustic-calcined magnesia and specified 
magnesias by uses 


(Percent) 
Use 1966 1967 
Chemical processing 4 10 
FFF EE 9 4 
85-percent MgO insulation „ũö ee 5 1 
chloride and oxysulfate cements- ze 17 10 
Pulp and Papers EE yd y ĩè d a G A 20 13 
BY ON sie ee . Cu LLLA dtd y 13 12 
F nt ie eon ee A es t k m 8 11 
Other: Electrical, medicinal, flux, ceramic, glass, sugar, animal feed, fuel additive, 
water treatment, and uranium processing 24 39 


PRICES 


Except for magnesia, technical, synthe- 
tic, rubber grade, light, which increased 
from 23-27.5 to 28.75—30 cents per pound 
(bags, carlot, freight equalized), prices 
remained the same for all grades of mag- 
nesia and dead-burned magnesite, accord- 
ing to the Oil, Paint and Drug Reporter. 
U.S.P. grade magnesium carbonate in 
carlots, freight equalized, increased from 


14.5 to 16 cents per pound. The price of 
magnesium  silicofluoride in drums in- 
creased from 12-13.5 to 15 cents per 
pound. Magnesium sulfate, technical, 
carlots, works, increased from $2.22 to 
$2.45 per 100—pound bag. Less than car- 
lots increased from 52.97-83.22 to $3.20- 
$3.45, and U.S.P. crystalline grade in 
carlots increased from $2.42 to $2.65. 


FOREIGN TRADE 


Exports of dead-burned magnesite and 
magnesia decreased about 12 percent. In- 
creased deliveries to Canada were more 
than offset by decreases in deliveries to 
Argentina, Australia, and Mexico. 

All categories of processed magnesite 
imports for consumption showed decreases 


in 1967. Imports of lump or ground 
caustic-calcined magnesia decreased 31 
percent from the record high of 13,300 
tons set in 1966. 

Imports for consumption of  dead- 
burned grain magnesia and periclase de- 
creased 41 percent; magnesium carbonate 
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(precipitated) decreased 17 percent; and 
magnesium sulfate (epsom salt) decreased 
about 30 percent. 

Presidential Proclamation 3822 author- 
izing reductions in tariffs in accordance 
with the Kennedy Round Trade Agree- 


ment was signed in December 1967. The 
first stage of tariff reductions applying to 
calendar year 1968 and becoming effec- 
tive January 1, 1968, included calcined 
magnesia, and magnesium carbonate, 
chloride, and sulfate. 


Table 5.—U.S. exports of magnesite and magnesia, by countires 


Magnesite and magnesia, dead-burned Magnesite n.e.c. including crude, 
caustic calcined, lump or ground 
Destination 1966 1967 1966 1967 
Short Value Short Value Short Value Short Valu 
tons (thou- tons (thou- tons (thou- tons (thou- 
sands) sands) sands) sands) 
Argentina 3, 806 $263 278 $22 72 $19 33 $15 
Australia 6,338 356 2, 908 174 308 162 946 286 
Belgium- Luxembourg 28 4 80 1 11 13 
Canada 14,858 1,696 19,688 2,121 1,913 185 1,987 186 
Sie. en 1,158 85 711 3 7 
Colombia 10 6 19 4 651 47 133 29 
Congo (Kinshasa)... jz: T— 331 29 ͤ _ eum 
Costa Rica. ........... 898 24 200 12 201 15 396 28 
PP! 0. Gide. “hL usu proe 52 21 52 32 
El Salvador 255 16 450 27 28 D luec “eee 
F... ² / ¾ ͤͤ M — diee. 105 47 188 79 
Germany, West. 231 103 126 67 405 191 650 386 
HA)“, — Gonan 52 5 265 31 
Indi8B.. Jones awed 1 1 20 10 16 7 
CCC 5 254. les eene, 0 Dë 15 3 10 5 
Italy: ua oom eel 1,165 102 81 8 209 90 240 91 
Japan 1 68 31 2 11 5 
Malagasy Republic... 193 26 39 6 
Mexieo ---------- 34,040 2,557 81,776 2,525 364 41 684 65 
Netherlands 1,007 70 100 60 24 97 38 
New Zealand... ....... ...... „„ 83 51 86 53 
ETC ee eae 2,940 196 1,870 127 5 1 10 1 
Philippines (1) 43 9 62 17 
South Africa, 

Republic o 77 41 88 51 51 27 82 43 
Mri MIC" 2 1 31 14 30 15 
Sweden 100 43 225 63 37 18 93 51 
Switzerland- 2-2222 Zac ³ðAW]A agente meses 2 23 54 24 
United Kingdom 942 232 555 232 1,129 437 1,018 588 
Venezuela... .......... 5,709 382 5,084 334 406 50 296 40 
Viet-Nam, South. ...... 11 D- sol xu tes 83 9. hele, — Weil 
Other countries 175 20 106 20 179 49 247 59 

Total icis 73,270 6,208 64, 369 5, 889 7,122 1,627 7,788 2,095 


1 Less than 1⁄4 unit. 
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Table 6.—U.S. imports for consumption of crude and processed magnesite, by countries 


1966 1967 

Country Short Value Short Value 

tons (thou- tons (thou- 

sands) sands) 

Crude magnestie: India- ----_2--------------2-----2-------- 311 $21 327 $24 
Lump or ground caustic-calcined magnesia: 

ALT EE 778 78 1,220 110 

Kréi WEE 931 34 948 35 

Belgium- Luxembourg 55 Am 

)))“GG0öĩA0é0ꝙB—Vꝓ“—5—f ⅛•/m kr LE Tua 8 82 6 55 3 

// ĩͤͤ— :. K y y ROR were C 9,036 466 4,462 278 

808 EE m ꝑ eee tree 56 4 

Netherlands. io a ue Ee Ee 161 11 99 7 

New Zealand. e232 cee aaea added ³ A qiti ^ Niere 50 5 

TUFKeV is % ͥ · oix du Luft ua Oe 1,395 95 1,949 128 

United Kingdom... kk 218 19: eee 

r ae e e aa 645 30 330 15 

NN DEE 13,301 743 9,169 585 


— . ͤGꝛc— —᷑n m TD —  — — 
— —— — — — — — — 


Dead-burned and grain magnesia and periclase: 
Not containing lime or not over 4 percent: 


4%õÜ EE 38,271 2,261 10,834 612 
(e H EE EE 138 9 116 18 
Germany, Weste 1,131 O2 ae tud d 
, se on i E lr pue MuR Sch ee a 24,810 1,868 31,254 2,405 
RT E SEENEN 1 . d Del 
j•ôͤ§ͤ— f . K 822 
Japah ous .. 8 64, 599 8,907 22,639 1,403 
Neher 
J§ö§;ê1?sx d f èé ::.: 8 6,938 501 
United Kingdom J%%«ͤé9:6 NOE 1 1 (1) 2 
JJJÄÄł eek er t Melia sap "uu dri 8 3,410 165 
Total. n ę T: 128,951 8,139 76,046 5,171 


— 4 Y K ns —n a———Ü 
———————————X——— s —— 


RT ét EE 22,030 935 25,911 1,040 
/ oa ²ꝛ˙ ͤ m ⁊ k my 8 2, 332 136 830 48 
CCC CE ae ³¹¹ ³ð y E Me es 664 4d ͤͤ ˙ AAA 
DG a a secs . ĩͤ df m ⁵¼v hv ĩðͤ v Q utu ms 577 41 
Nin ⁵ðↄ d ðò v ---.  ---- 33 11 
/ ³oͥꝗſſſſͥͥ—wſd eee 18,611 924 15,062 692 
TOUS eure ¼˙ - ⅛•ͤm,.0 ⅛¾ẽe P E 43,637 2,038 42,413 1, 832 

Grand total. 172,588 10,177 118,459 7,008 

1 Less than 14 unit. 
Table 7.—U.S. imports for consumption of magnesium compounds 
Oxide or Magnesium Magnesium Magnesium Magnesium Manufac- 
calcined carbonate chloride sulfate salts and tures of 

magnesia (precipitated) (anhydrous) (epsom salt) 12 compounds carbonate of 

Year magnesia 


Short Value Short Value Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- tons gnou tons (thou- 
san 


sands) sands) sands) sands) sands 
1965....... 148 $47 1,250 $225 366 $11 6,640 $127 9,599 $134 5 $2 
1966. ..... 76 35 1,090 213 176 29 9,266 186 1,256 79 ae MS 
1967 64 31 900 173 451 81 6, 524 135 3,354 127 a "€ 


1 Not specifically provided for. 
2 Includes magnesium silicofluoride or fluosilicate and calcined magnesia. 
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WORLD REVIEW 


Data on the world production of mag- 
nesite were revised upward by about 1 
million tons per year for 1963-66 as a 
result of an increase of about 6 million 
tons reported from Czechoslovakia for this 
period. In order to compare world pro- 


duction on the same basis as in preceding 
years, magnesite production in 1967, ex- 
cluding that from North America but 
including non-reporting countries, is 
estimated at 11.1 million tons. 


Table 8.— World production of magnesite, by countries 1 2 


(Short tons) 


Country ! 1963 1964 1965 1966 1967 n 

North America: United States. 521,655 W W W W 
South America: 

FFII A tan 99, 598 103,331 137,394 e 220,000 NA 

Colombia 276 243 209 e 210 NA 
Europe: 

Austria 1,447,099 1,826,058 2,001,363 1,779,829 1,692,386 

Czechoslovakia r 1,632, 635 r 1,858,047 r 2,029,154 72,095,291 2,922,331 

Greece r 294,558 r 397,054 r 347,453 413,366 NA 

Italy e 88 7,512 6,954 3,898 2,867 NA 

Poland. uz o ee os 29,321 r 41,888 r 46,297 e 46,000 NA 

SPAM eit he ute 93,315 102,874 r 110,944 NA NA 

U SSE S. Ose eee sees 2,980,000 3,090,000 3,200,000 3,200,000 8,300,000 
m Yugoslavia.............. 454,107 548,311 579, 750 580, 570 468,219 

rica: 

Kênya- uu. ee cuum. . 288 187 74 747 NA 

Rhodesia, Southern a 12,067 42,410 39,242 e 33,000 NA 

South Africa, Republic 

11 at eee 108 ,309 93 , 443 95,789 102,847 e 90,000 

TT E EENEG 8,307 NA 

a Tanzania --.--------- 94 546 1,260 5,270 NA 
sis; 

China, mainland _- 990,000 1,100,000 1,100,000 1,100,000 880,000 

Ind]l8. 2 orien r 259,116 r 229,210 263,128 255, 736 NA 

Rane 2 atte eel eae’ NA 6,033 NA NA NA 

Korea, North 880,000 990,000 990,000 1,100,000 1,100,000 

Pakistan. 968 680 577 r 812 NA 

Turkey. co .. 19, 750 43 ,065 83,320 45,903 93,651 
Oceania 

Australia... ...........- 63,780 35,001 r 29,525 r 21,903 NA 

New Zealand 875 676 937 624 NA 

Total 13. r 9,901, 323  Á710,516,011 11,060,314 11,008, 282 9,946,587 


e Estimate. P Preliminary. r Revised. NA Not available. W Withheld to avoid disclosing 


individual company confidential data.. 

! Quantities in this table represent crude salable 
Canada, but data on production are not available. 

2 Compiled mostly from data available April 1968. 


magnesite. Magnesite is also produced in Bulgaria and 


3 Total is of listed figures only; no undisclosed data included. 
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Exports of magnesia and magnesite brick by countries 


(Short tons) 


Magnesia 
— — — — — Magnesite brick 
Destination Caustic-calcined Refractory — —— cY 
1966 1967 1966 1967 1966 1967 
North America: United States 733 960 r 64, 673 27,265 r 168 6 
South America: 
Argentina. 68 63 3,032 2,205 1,506 767 
r inel tech exea. abetted 1,419 719 2,787 2,883 
Venezuela................- 138 127 5602 3 asnceo A SERERE 
Europe: 
Belgium- Luxembourg 219 312 819 734 5,585 8,814 
Denmark 3,525 1.609 r 103 51 4,084 3,460 
Czechoslovakia. 359 418 41 8 196 140 
Finland 116 99 1,349 1, 206 3,181 2, 446 
Fran eee 2,212 2, 875 17,829 14,351 r 21,614 23 ,036 
Germany 
Wasts2 oie . aoe 44 200: ^. wd — dumm. ⁰ꝙqy . leita wee 
West.. r 80,317 65, 080 99, 896 113,272 r 22,821 23,604 
)’ͤ’;;ͥ ͤmAuvl.. ³ 88 570 3 „060 2,458 
Hungary....--........-..- r 3, 045 5,312 13,857 13,842 . ....... 
e MED EDS r 4,173 5,328 14,968 12,844 6,489 6,415 
Netherlands. 439 326 98 3, 544 1,543 706 
OPW: L. 8 dO ^ cunlen r 556 158 r 2,9178 2,539 
Ff! etuer. / ̃ 8 230 2,221 r 5,790 6,369 
Portugal. on ⅛ð- 592 35 1,057 1,104 
Ar E ß ⁵⁵¼— 8 r 71 70 1,321 3,432 
Spali soot T cece 8 245 57 3,315 2,408 5,162 4,097 
Sweden 849 1,015 r 5,886 1,231 21,178 21,782 
Switzerland 3, 588 3,087 1,370 279 r 1,621 2,015 
2n United Kingdom 186 181 12,289 2,603 r 18,740 12,906 
rica: 
Rhodesia, Southern. 16 5 866 872 
South Africa, Republic of. r 90 20 4,117 2,525 
p aenn obde aaea aaa ASA a 84 32 1,443 172 
! ⁰⁰ 133 2 sha 14,777 5, 268 
Asia 
111111 ]%Aͤſũ . ²⁰Ü i eaa / ——— cLhY-DEVE 173 
e nene 487 550 687 588 298 173 
NK E PT) tees r 727 1,072 2,087 1,578 
Oceania: 
Austral. eege eebe, Qua. VAROSSA 87 11 2,447 2,313 
New Calendonia............ ....... ......- r 45 13 r 1,417 2,353 
Other countries 47 85 967 887 4,661 5,184 
Total. cess spa mu Beng 100 , 894 87,769 246,884 202,065 ° 150,739 148,592 
r Revised. 


Canada.—The Aluminum Company of 
Canada, Ltd., announced the closing of 
its magnesite-lime mine and plant at 
Wakefield, Quebec, with phasing out to 
begin in early 1968. Production has 
been about 20,000 tons per year of cal- 
cined magnesia and magnesium hydroxide, 
and about 100,000 tons per year of lime 
from a brucitic limestone deposit. Mar- 
kets for the magnesia product have been 
—pulp and paper, 10,000 tons per year; 
refractories, 7,000; and agriculture, 3,000. 
Reportedly, poor recovery from low-grade 
ore has made the operation uneconomical. 

The sole Canadian producer of mag- 
nesite, Canadian Refractories Ltd., con- 
tinued the underground mining of mag- 
nesite-dolomite at Kilmar, Argenteuil 
County, Quebec, at a rate of 600 short 


tons per day for the production of dead- 
burned magnesia consumed chiefly in the 
manufacture of basic refractories. 

The other producers of high-magnesia 
refractories, General Refractories Co. of 
Canada, Ltd., Smithville, Ontario; Nor- 
ton Co., Chippawa, Ontario; and Re- 
fractories Engineering and Supplies Ltd., 
Bronte, Ontario, depended on imported 
magnesia. The value of magnesia pro- 
duced from magnesite and brucite de- 
creased from $3.9 million in`ñ`1966 to an 
estimated $3.4 million. 

Exploration continued on a deposit in 
Deluro Township, near Timmins, Ontario, 
reported to contain over 50 million tons 
of high-iron magnesite. 

The Sea Mining Corp., Ltd., of New- 
foundland began construction of a $4.5 
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million plant at Aguathuna, about 10 
miles from Stephenville, Newfoundland, 
on the island’s west coast to produce 
magnesium hydroxide by the sea-water 
slaked lime process for the pulp and 
paper industry. The plant is scheduled 
for completion by mid-1968, and will 
have an annual capacity of 33,000 tons. 
Limestone will be mined and calcined 
onsite. 


Greece.—General Refractories Co., 
Philadelphia, Pa., and a Dutch firm, Van 
Mannekus, announced plans to invest 
$868,000 to develop magnesite mines at 
Chalkidiki, in northern Greece. 

The Skalistira mining group placed in 
operation a third kiln to produce dead— 
burned magnesite at its Mandoudi mine 
and plant. Annual capacity was increased 
to 100,000 tons. 


Hungary.—Magnesite was included in 
a group of commodities that was permitted 
to be exported directly to Western coun- 
tries instead of through national foreign 
trading organizations. 


Mexico.—Near Tampico Latin Amer- 
ica’s first sea water magnesium oxide 
plant (annual capacity 50,000 metric 
tons) was placed in full operation by 
General Refractories Co.’s Mexican af- 
filiate Quimica del Mar S. A. (Quimar). 
Prior to the opening of this plant 
practically all of Mexico's requirements 


Table 10.—Netherlands: Exports of 
refractory magnesia, by countries 


(Short tons) 


Destination 1966 1967 
Belgium- Luxembourg 1,460 1,349 
France. ...............- : 719 1,275 
7,584 


Germany, West. 
Italy 


— . - — w W 
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for basic refractory raw materials and 
chemically active magnesia was imported; 
the rest of Latin America will still have to 
import. 


Netherlands.—A plant for producing 
magnesium oxide (MgO) at a rate of 5,- 
500 metric tons per year was opened 
near Rotterdam by a subsidiary of Climax 
Molybdenum Co. 


Turkey.— Continental Manyezit Limited 
Sirketi (COMAG), a Turkish subsidiary 
of Continental Ore Corp., operated three 
mines producing annually about 20,000 
tons of crude magnesite. Most of the 
magnesite was calcined to caustic mag- 
nesite in a shaft furnace near the rail line 
at Taxsanli. Some almost pure hand-sorted 
ore was shipped as premium grade mate- 
ral. The company imported a 2- by 30- 
with a 12-meter cooling section to expand 
meter Kloeckner-Humboldt rotary kiln 
annual production of caustic grade mag- 
nesite by yearend 1967. By 1969 the firm 
plans to reach an annual capacity of 28,- 
000 tons of caustic magnesite and 30,000 
tons of dead-burned magnesite for export. 

Manyezit Anonim Sirketi, a Turkish 
subsidiary of Veitscher of Austria, is pro- 
ducing 8,000 to 10,000 tons per year of 
dead-burned magnesite for export. Crude 
magnesite is purchased from private 
operators near Orhaneli and Eskisehir as 
feed for its rotary kiln at the latter site. 
The company plans to expand its capacity 
to 20,000 tons per year of dead-burned 
magnesite. Sumerbank, the state enter- 
prise concerned with brick, tile, and re- 
fractories, plans to build a 26,500-ton- 
per-year plant at Meram, near Konya to 
produce sintered magnesite which will 
be used to produce chrome-magnesite 
refractories for the Turkish metallurgical 
industry. On the basis of present plans, 
the Turkish magnesite industry by 1968 
should have capacity to produce as fol- 
lows: 
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Capacity (metric tons) 


1966 1968 
Caustic Dead- Caustic Dead- 
burned burned 
S ¹²⁰ʒ r ³˙¹ ͤ d ee, ee . “a 26, 500 
J ³ÜÜ¹w¹wſ ³·Ü¹ü¹Akſſ ; 8,000 | ..... 28,000 30,000 
Mapnezit EEN 00 ouium ,00 
Oh OURS oS ccc U ² oes EEN 8,000 9,000 28,000 76,500 
Ore reserves 
No. of Indicated Source of 
Districts deposits reserves information 
(metric tons) 
Tavsanli, Dagardi, Orhaneli..... . .... . LLL ccc cll lll lll. 14 3 million COMAG 
ebessen 6 1-2 million Planning 
Assistance 
Committee 
E e EEN 1 1 million MTA 1 
Total, all district 21 ＋5 million 


1 Mining Exploration and Research Institute. 


Magnesite deposits in Eskisehir Province 
were reported to occur in serpentinized 
country rock as irregular masses 8 to 10 
meters wide and 500 to 600 meters long, 
averaging 46 to 65 percent MgO. 


U.S.S.R.—It was reported that the best 
source of magnesite for the Satka mill in 
the South Urals, which is claimed to be 
the world’s largest for producing refrac- 
tory magnesia, lies directly under the 
factory and can be mined only by remov- 
ing the buildings. 


Brucite deposits were discovered in the 
Maly Khingan Mountains of the Soviet 
Far East, not far from the Trans-Siberian 
railway. 

Venezuela.—Magnesite reserves on 
Margarita Island were estimated at 5 
million metric tons, and plans were made 
to develop the deposits and to construct 
a processing plant. Under Venezuelean 
law magnesite belongs to the surface 
owner, whereas most minerals below the 
surface belong to the State. 


TECHNOLOGY 


Research was directed toward develop- 
ment of methods to produce various types 
of magnesia refractories and methods of 
application of the refractory to furnace 
walls. 


A ramming-casting product mix devel- 
oped particularly for bottom installations 
in open hearth and electric furnaces was 


developed.? A dense, strong, monolithic 
structure, the density of which increases 


when fired, can be obtained. 

High-temperature properties of periclase 
refractories were compared in the purity 
range of 95 to 99+ percent MgO. High 
strength, creep resistance, and resistance 
to steelmaking slag erosion. were obtained 
with periclase containing more than 98 
percent MgO? 

The acid treatment method for produc- 
ing refractory magnesia from sea water, 
developed by Steetley Magnesite Co., Ltd., 


England, was installed at the Pascagoula, 
Miss., plant of H. K. Porter Co., Inc., and 
has improved the quality of its high-purity 
periclase (double-burned refractory mag- 
nesia). The former water softening system 
required a complicated arrangement of 
equipment that was sensitive to changes 
in the operating rate, causing inefficiency 
and an approximate 12 percent loss in 
magnesia values. Excess lime also was 
needed to convert the bicarbonate ion to 
calcium carbonate, causing lime contami- 
nation in the magnesia. With conversion 
to acid treatment the bicarbonate was 
decomposed into carbon dioxide and 
water, less equipment was needed, con- 
trols were simplified, and lime require- 
ments were reduced. Magnesia losses were 


2 American Metal Market. V. 74, No. 90, 
May 11, 1967, p. 17. . . 

3 Van Dreser, M. L. Developments With High- 
Purity Periclase. Am. Ceram. Soc. Bull, v. 64, 
No. 2, February 1967, pp. 196-201. 
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corrected and lime content in the 
periclase product was reduced from 1.2 
percent to 0.8 percent.* 

Calrod heating elements become haz- 
ardous in  ungrounded equipment if 
moisture is absorbed by the hygroscopic 
MgO which is used as an electric insulat- 
ing material to position the nickel-chro- 
mium heater coil inside the metal sheath. 
Dry MgO has high electrical resistance 
and high thermal conductivity. To keep 
the MgO dry, General Electric Co. seals 
the tubes after cooling in air-conditioned 
dry rooms at 78? F and 15 percent rela- 
tive humidity to avoid forming a vacuum 
in the tube which would occur if sealed 
at higher temperatures. A vacuum would 
reduce the dielectric efficiency of the 
finished product.’ 
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An article was published describing the 
feasibility of recovering magnesium com- 
pounds from oilfield brines. The article 
included tables showing the content of 
magnesium and other minerals in sea 
water and oilfield brines.“ 

High-purity magnesia and calcia crystals 
and recrystallized block-form magnesia 
were available from Electronic Space 
Products, Inc., Los Angeles, Calif., for 
research in solid-state physics.’ 


4Engineering and Mining Journal. Acid 
Treatment of Sea Water Improves Quality of 
Periclase Yield. V. 167, No. 10, October 1966, 
pp. 94-95. 

5 American Metal Market. Sheathed Calrod 
Heating Units Demoisturized. V. 78, No. 183, 
Sept. 21, 1966, p. 18. 

$ Oil and Gas Journal. Here's How Producers 
Can Turn Brine Disposal Into Profit. V. 64, No. 
27, July 4, 1966, p. 112. 

7 Chemical & Engineering News. V. 45, No. 
21, May 15, 1967, p. 64. 


Manganese 


By Gilbert L. De Huff 


Manganese ore imports dropped back a 
bit from the pace of the last 2 years to 
the more normal level of 1964. Prices 
eased, and consumption and imports of 
manganese ferroalloys were also down. 


Shipments of domestic manganese ore— 
that is, ore, concentrate, and nodules, 
containing 35 percent or more man- 
ganese—were somewhat lower than the 
small quantity of 1966. 


Table 1.—Salient manganese statistics in the United States 


(Short tons) 


1963 1964 1965 1966 1967 
Manganese ore (35 percent or 
more Mn): 
Production (shipments): 
Metallurgical........... 7,402 19,126 22,871 W W 
Battery... . ------ 3,220 6,932 6,387 W W 
Total..... Ro 10, 622 26,058 29,258 14,406 12,585 
Imports, general............. 2,093,473 2,064,990 2, 575, 229 2, 553, 704 2, 064, 158 
Consumption 1. 841, 725 2, 241, 756 2,872,720 2, 370, 516 2, 382, 984 
Manganiferous ore (5 to 35 percent 
Mn): Production (shipments)... 543,125 238, 776 332,763 324,926 289,160 
Ferromanganese: 
Production 751, 198 929, 486 1,148,011 946,210 940, 927 
LK fe e sense ene 678 3,903 3,273 545 : 
Imports for consumption. .... 148,630 212,629 257,339 251,972 215,779 
Consumption 892, 884 1,007, 623 1,040,502 1,048,429 982,130 
r Revised. 


W Withheld to avoid disclosing individual company confidential data. 


Legislation and Government Programs. 
—An offer by General Services Admin- 
istration (GSA) in January for the sale 
of 84,000 short tons of surplus Govern- 
ment stocks of metallurgical-grade man- 
ganese resulted in no acceptable bids. No 


further sealed-bid offerings of Govern- 
ment stocks were made in 1967, but 
approximately 450,000 tons were sold 


during the year on a negotiated hasis—a 
large part for long-term delivery. These 
actions followed enactment August 19, 
1966, of Public Law 539 authorizing 
disposal of 1.9 million tons of metal- 
lurgical-grade manganese ore held surplus 
in the national and supplemental stock- 
piles. This was in addition to the 1.8 
million tons held in Defense Production 
Act (DPA) inventory for which GSA had 


previously made disposal plans. An offer 
in January 1966 of 100,000 tons of this 
DPA surplus metallurgical-grade man- 
ganese ore sold 69,000 tons, but 56,000 
tons offered in March produced no ac- 
ceptable bids. Offerings in Septeniber 
1966, and again in November, of 56,000 
tons from the combined disposable sur- 
plus stocks resulted in the sale of 48,000 
and 20,000 tons, respectively. In Nov- 
ember 1966, Public Law 726 was enacted 
authorizing disposal of surplus synthetic 
manganese dioxide. 

The $215,000 Agency for International 
Development barter contract of the U.S. 
Department of Agriculture for natural 
manganese dioxide ore for delivery to 


1 Commodity specialist, Division of Mineral 


Studies. 
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South Viet-Nam, reported in the Man- 
ganese chapter of the 1965 Minerals Year- 
book, was signed with Minerals & Chem- 
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icals Philipp Corp, New Vork. The 
approximate contract period was through 


October 1966. 


DOMESTIC PRODUCTION 


Taylor-Knapp Co., mining at Philips- 
burg, Mont., continued to be the only 


domestic producer of natural battery- 
grade ore. Shipments were made of 
Montana metallurgical oxide nodules 


made previously from Montana carbon- 


Low-grade manganese ores (ferruginous 
manganese ores, middlings, and con- 
centrates) containing 10 to 35 percent 
manganese were shipped from Colorado, 
Minnesota, Montana, and New Mexico. 
All Minnesota shipments were from the 


ate ore, and manganese ore containing Cuyuna range.  Manganiferous zine 
more than 35 percent manganese con- residum was produced from New Jersey 
tinued to be produced in New Mexico. zinc ores. 


Table 2.—Manganese and manganiferous ore shipped ! in the United States, by States 
(Short tons) 


1966 1967 
Type and State — 
Gross Manganese Gross Manganese 
weight content weight content 
Manganese ore (85 percent or more Mn, natural): 
Montana and New Mexieo -2-222-222-2222 ---- 14,406 6,486 12,585 6,084 
Manganiferous ore: 
Ferruginous managanese ore (10 to 35 percent Mn, 
natural): 
Lee, LEE 321 64 
Minnesota___ ß oe 271,062 36,684 236, 753 34,475 
Menn 8 1,755 464 2,763 456 
New Mexien ooo 47,590 5,606 49,323 5,529 
Total...... JO eR ee ana 8 320,407 42,754 289 ,160 40,524 
Manganiferous iron ore (5 to 10 percent Mn, 
natural): 
Minnesota... 4,519 BOS: EE 
Total manganiferous ore 324,926 43,142 289,160 40,524 
"s ares $2,629,421  ........ 


Value manganese and mangniferous ore $3,094,034 


1 Shipments are used as the measure of manganese production for compiling U.S. mineral production value. 
They are taken at the point at which the material is considered to be in marketable form for the consumer. 
Besides direct-shipping ore, they include, without duplication, concentrate and nodules made from domestic 
ores. 


CONSUMPTION, USES, AND STOCKS 


In the production of raw steel (ingots, 
continuous or pressure cast blooms, billets, 
slabs, etc., but not including castings), 
consumption of manganese as ferroalloys, 
metal, and direct-charged ore per short 
ton of raw steel produced was 13.2 
pounds in both 1966 and 1967. This total 
consumption in each year comprised ap- 
proximately 11.5 pounds ferromanganese, 
1.4 pounds silicomanganese, 0.05 pound 
spiegeleisen, and 0.25 pound manganese 
metal. 

After being closed by labor difficulties 
for much of the last half of 1966, the 
Alloy, W. Va., Ashtabula and Marietta, 
Ohio, and Portland, Oreg., plants of 


Union Carbide Corp. had resumed normal 
operations by mid-1967. The company's 
Sheffield, Ala., plant was closed by a 
wildcat strike in November and December 
1966. Vanadium Corporation of America 
merged with Foote Mineral Co. on 


August 31, 1967, to become the latter's 
Vancoram Operations. Its Keoukuk 
Electro-Metals division became  Foote's 
Kemco Operations. A merger of E. J. 
Lavino & Co. into International Minerals 
& Chemical Corp. became effective at the 
end of 1966. This included  Lavino's 
ferromanganese plants and its Covington, 
Tenn., synthetic dioxide plant. 
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Table 3.—Consumption and stocks of manganese ore ! in the United States 
(Short tons) 
Stocks 
Consumption Dec. 31, 1967 2 
Use and ore source (including 
1966 1967 bonded 
warehouses) 
Manganese alloys and manganese metal: 
Domestic ore________ M 30,043 4,367 1,294 
Ee dE 2,133,925 2,182,997 1,810, 814 
Total EE EEN 2,163,968 2,187,364 1,812,108 
Steel ingots: Foreign ore T 
Steel castings: Foreign ore 7 hu SIE EEN 39 13 2 
Pig iron: 
Dp ³·ð.m1 ͥ dM y ewes oe 195 3,296 _.. uris 
Forelgn ORC ess et s ⁵ð«iU⁵ ety inlet Sis 88 42,746 38,957 36, 934 
7)öCõĩ.— . og a Za pe x RN n UE 42,941 42,253 36,934 
Dry cells: 
Demeter 3, 549 2,470 306 
Pere ⁵ ⁵ ⁵⁵ ( eee Oe 30, 651 27,170 18,947 
Total co ss gee ee ov UN 34,200 29,640 19,253 
Chemicals and miscellaneous: S i 
Domestic EE 12,372 18,276 13,391 
Foreign OtGo-. cendi abi ses Bee aysa aka l r 116,996 104,316 59,868 
OL OU Goes oto c ti cm E tque y r 129,368 122,592 78,259 
Grand total: i 
Dirie ð- 46,159 28,409 14,991 
Foreign ORO... d cR LAE 2, 324, 357 2, 354, 575 1,926,565 
Ko EEN r 2,370,516 2,382,984 31,941,556 
t Revised. 
1 Containing 35 percent or more manganese (natural). 
2 Excluding Government stocks. 
3 Excludes small tonnages of dealers’ stocks. 
Electrolytic Manganese and Manganese Ferromanganese. — The Manganese 


Metal.—It can be assumed that virtually 
all of the manganese metal consumed, 
produced, and imported was electrolytic 
metal. American Potash & Chemical Corp. 
at Hamilton (Aberdeen), Miss.; Foote 


Mineral Co., with two plants at Knoxville, 


Tenn.; and Union Carbide Corp. at 
Marietta, Ohio, continued to be the only 
domestic producers. On December 29, 
1967, American Potash & Chemical Corp. 
became a wholly owned subsidiary of 
Kerr-McGee Corp. Union Carbide Corp., 
Mining and Metals Division, completed 
expansion of its Marietta facility to per- 
mit production of 10,000-plus tons per 
year of electrolytic manganese metal. 
Foote Mineral Co. proceeded with con- 
struction of its large new electrolytic 
manganese plant at New Johnsonville, 
Tenn., with completion scheduled for 
1968. The plant will incorporate the 
latest automatic analytical and control 
instrumentation. 


Chemicals Co. Division, Pickands Mather 
& Co., continued to produce low-carbon 
ferromanganese by fused-salt electrolysis 
at Kingwood, W. Va. E. J. Lavino & Co. 
shut down its Lynchburg (Reusens), Va., 
blast-furnace ferromanganese plant in 
August for an indefinite period, citing 
reduced steel production and increased 
ferromanganese imports as factors. U.S. 
shipments of ferromanganese totaled 
870,781 tons valued at $128 million, 
compared with 986,000 tons valued at 
$146 million in 1966. The quantity of 
ferromanganese made in blast furnaces 
was more than twice that made in electric 
furnaces. 


Silicomanganese.—Production of silico- 
manganese in the United States was 246,- 
000 tons, compared with 253,000 tons 
in 1966. Shipments from furnaces were 
240,000 tons ($38 million), compared 
with 282,000 tons ($41 million) in 1966. 
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The ratio of consumption of silicoman- 
ganese to that of ferromanganese appears 
to have leveled off in 1966 and 1967 at 


16 to 17 percent. New grades and sizings 
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of silicomanganese were made available. 

Spiegeleisen.— The New Jersey Zinc Co. 
continued to produce spiegeleisen, solely 
by electric furnaces, at Palmerton, Pa. 


Table 4.—Consumption and stocks of manganese ferroalloys and metal in the 
United States 


(Short tons, gross weight) 


Consumption Total 
Material industry 
1966 1967 stocks 1 Dec. 

31, 1967 

Ferromanganese, high earbee n 942,270 851,249 274, 785 
Ferromanganese, medium and low carbon 106,159 130,881 34,944 
Silesmanganee...........f mue ea EE 174,157 159,905 28,772 
ill Ad EE 31,792 29, 369 34,740 
Manganese metdaiiil...ẽqẽ ed EI TE A 24,838 24,043 5,298 


1 Industry stocks held by producers and consumers, including those in bonded warehouses. 


Table 5.—Ferromanganese produced in the United States and metalliferous materials ! 
consumed in its manufacture 


Ferromanganese produced Materials consumed 


Manganese ore (35 Manganese 
Year Gross Manganese content percent or more Mn ore used per 
weight natural) ton of 
(short ferroman- 
tons) Percent Short tons Foreign Domestic ganese ? 
(short tons) (short made 
tons) (short tons) 
JJ;”ö§ÜG ]%Ü2⅛’iðð; / olen 751,198 77.2 579,852 21,617,111 2.2 
119d. 8 929,486 77.8 722,752 32,082, 074 10,371 2.2 
J! EEN 1,148,011 77.8 892,725 32,692,290 12,067 2.3 
9% Luc va. a ee 946,210 78.7 144,359 32, 133, 925 30, 043 2.2 
J/ö%ö»ͤ1 x 940,927 78.2 735,177 32, 182,997 4,367 2.3 


1 Excluding scrap and other secondary materials. 
2 Includes ore used in producing silicomanganese. 
3 Includes ore used in producing silicomanganese and metal. 


Table 6.—Manganese ore used in producing ferromanganese, silicomanganese, and 
manganese metal in the United States, by source of ore 


1966 1967 


Mn Mn 
Gross weight content, Gross weight content, 


Source 


(short tons) natural (short tons) natural 
(percent) (percent) 
Dóoientie... ss eee bh oe See ee oe eee ees 30,043 44.3 4,367 46.5 
oreign: 

Jö; «˙ 8 1,100, 164 45. 8 1,183,865 45.8 

ASCO S. E ee f d 8 (1) (1) 13, 49.0 

) ae ee ets ð2i 8 532,237 47.1 377,761 45.9 

en TEE 3,129 48.8 3, 44.1 
CUDA ee ĩͤ e 194 49.3 (1) (1) 

J%%%%00%0h%%é§Üd ⁵ð ð x . y 8 68,222 38.8 79,275 36.1 

;*/ffñꝛ˙² ̃ͤ:= f..: ͥ ͤ ͤ (vmk eu sess Met cu. 151,975 45.7 240,291 45.7 

P oh ii tes Gerda 6m... 8 50, 535 44.0 30, 963 40. 0 

New Hebrides... ,, 8 (1) (1) 6,273 50.5 

NI d EE (1) (1) 18,031 38.5 

Other or unidentified.___._._...-.-.._------.--------- 227,469 ...... 229,492 ...... 

ü ³ow-- a 2, 163, 968 46.1 2,187, 364 45.4 


1 Included in Other or unidentified." 
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Pig Iron.—In producing pig iron, 536,- 
000 tons of manganese-bearing ores con- 
taining over 5 percent manganese 
(natural) were consumed, compared with 
609,000 tons in 1966. This was broken 
down as follows (1966 figures in paren- 
theses): Domestic sources supplied 468,- 
000 (378,000) tons, of which 346,000 
(251,000) tons were manganiferous iron 
ore containing 5 to 10 percent manganese, 
119,000 (127,000) tons were ferruginous 
manganese ore containing 10 to 35 per- 
cent manganese, and 3,000 (200) tons 
were manganese ore containing more than 
35 percent manganese; foreign sources sup- 
pled 68,000 (230,000) tons, of which 
29,000 (188,000) tons were manganiferous 
iron ore, none (100) tons were ferruginous 
manganese ore, and 39,000 (43,000) tons 
contained more than 235 percent man- 
ganese. 


Battery and Miscellaneous Industries.— 
The ore reported in table 3 as consumed 
in the manufacture of dry cells continued 
to include that used by producers of dry 
cells in their manufacture of synthetic 
manganese dioxide, but did not include 
that used by noncaptive plants to make 


109 


synthetic dioxide. The latter was reported 
under Chemicals and miscellaneous“ 
and included ore of various grades. The 
reported ore consumption of table 3 does 
not include consumption of synthetic 
manganese dioxide as such. Hence, there 
is no duplication. The trend was toward 
use of a higher ratio of synthetic to 
natural dioxide in the manufacture of dry 
cells. American Potash & Chemical Corp. 
began expansion of its Henderson, Nev., 
synthetic manganese dioxide plant to 10, 
000 tons per year from 6,000. Completion 
was scheduled for the fourth quarter of 
1968. Union Carbide Corp. was building 
an entirely new synthetic manganese 
dioxide plant at Marietta, Ohio. Man- 
ganese Chemicals Co. Division, Pickands 
Mather & Co., brought its new hydro- 
quinone plant to its rated capacity at 
Baltimore, Md., and added manganese 
sulfate to its product line of various man- 
ganese chemicals which includes synthetic 
dioxide. 

The domestic ore and much of the 
foreign ore used for chemical and miscel- 
laneous purposes did not meet National 
Stockpile Specification P-81-R for chem- 
ical-grade ore. 


PRICES 


Manganese Ore.—All manganese ore 
prices are negotiated, being dependent in 
part on character and quantity of ore 
offered, delivery terms, and fluctuating 
shipping rates. After holding steady for 
the first 10 months of 1966 at 73 to 78 
cents, nominal, per long ton unit of 
manganese, c. if. eastern seaboard and 
gulf ports, American Metal Market quota- 
tions for ore containing 46 to 48 percent 
manganese began to drop and by the end 
of 1967 were down to 60 to 64 cents, 
nominal. The nominal quote at the be- 
ginning of 1967 was 73 to 74 cents; in 
August, 70 to 73 cents: and in October, 
68 to 70 cents. 


Manganese Alloys.—The average value 
at furnaces for ferromanganese shipped by 
domestic producers was $147.41 per short 
ton, compared with $147.98 in 1966. 
Prices for standard high carbon ferroman- 
ganese continued to be essentially on a 
"price on request" basis. Domestically 
produced material was quoted by the 
American Metal Market through the last 


P 


5 months of the year at $164.50, nominal, 


per long ton, generally f.o.b. producer’s 
plant, freight equalized to nearest com- 
petitive producing point. It was stated in 
August, however, that “it can be bought 
in the open market for at least $5 a ton 
less’ and “many deals have been made 
recently at even lower figures.” Imported 
alloy continued to be quoted "um the area 
of $157" per long ton, but indications 
were that it could be purchased for less. 
In the last 3 months of the year, Metals 
Week was quoting imported alloy at $144 
to $150, delivered in Pittsburgh and 
Chicago. The price of spiegeleisen con- 
taining 19 to 21 percent manganese con- 
tinued unchanged at $89 per long ton, 
f.o.b. Palmerton, Pa. 

Manganese Metal.—In December, all 
three producers of electrolytic manganese 
metal announced an increase in price of 
the standard grade, bulk carlots, to 29.85 
cents per pound, f.o.b. producer's plant, 
freight equalized, effective the beginning 
of January. The previous price of 28.85 
cents had prevailed through 1966 and 
1967. The premium for hydrogen-removed 
metal remained unchanged at 0.75 cent. 
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FOREIGN TRADE 


Ferromanganese exports totaled 1,861 
short tons valued at $759,955, compared 
with 545 tons at $228,395 in 1966. 
Canada took approximately 75 percent 
of the quantity in both years. Exports 
classified as “manganese and manganese 
alloys, wrought or unwrought, and waste 
and scrap” were 1,388 tons valued at 
$857,603 in 1967, and 1,901 tons at 
$1,442,472 in 1966. Exports of ore and 
concentrate containing more than 10 per- 
cent manganese totaled 15,375 tons with 
a value of $1,502,044 in 1967, and 16, 
487 tons at $1,491,017 in 1966. They 
were believed to consist almost entirely 
of imported manganese dioxide ore ex- 


ported after grinding, blending, or other- 
wise classifying. 

The average grade of imported man- 
ganese ore was essentially unchanged at 
47.3 percent manganese, having been 47.4 
percent in 1966. Gabon and Brazil con- 
tinued as the largest individual sources of 
supply but a large drop was registered in 
the receipts from Brazil. The Republic of 
South Africa, India, and Ghana were 
other suppliers of large quantities. Actual 
imports from Congo (Kinshasa) in 1967 
were considerably less than the quantity 
reported and adjustments have been made 
by footnotes to table 7. 
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Table 8.—U.S. imports for consumption of ferromanganese, by countries 


1966 1967 

Country Gross Mn Value Gross Mn Value 
weight content (thou- weight content (thou- 
(short (short sands) (short (short sands) 

tons) tons) tons) tons) 

RTE d E 2226525 sic 5LEeLUS 13,103 10,260 /// Wunwiheeus- euie 
Belgium-Luxembourg. ............ 21,753 16,653 2, 348 45,410 34,655 $4,916 
Canada, L ce A aoa 5,250 4,191 1,063 , 824 , 52 2,099 
ik eet eee 158 137 27 1,159 947 153 
FPFannee ee Sous 61,067 46,970 6,510 37,344 28,902 4,014 
Germany, West... 52,602 39,855 5,594 21,080 16,247 2,395 
II/... 8E 13,077 10,001 1,911 19,023 14,354 2,016 
II/ ü ³ 8 1, 620 1,297 312 2, 134 1,717 416 
Aoi cope ir ap toe et tesa Be 14,558 11,577 2,841 6,554 5,332 1,218 
Mozamboue ---------2-----2-- 2,238 1,745 JJ... 88 
Nh. ³ ee 2 ass sa 14, 991 11, 538 1, 640 6, 983 5, 501 907 
South Africa, Republic of 26, 384 20, 608 2, 863 41,213 32,053 4,294 

EE 1, 653 1,283 170 3,197 2,402 32 
Sweden- 2.2 22i225e D wedge see 3,991 3,250 612 8,268 6,882 1,691 
United Kingdom 19,527 15,198 2,103 15,590 12,031 1,665 
dk d secte DEAE 251,972 194,563 29,455 215,779 167,548 26,108 

Both general imports and imports for 1966. The respective sources (1966 


consumption of manganiferous ores con- 
taining more than 10 percent manganese 
but less than 35 percent manganese 
totaled 5,500 short tons, compared with 
43,000 tons in 1966. Ghana supplied 5,- 
100 tons, and Mexico the remainder in 
1967; in 1966, Ghana was the source of 
34,000 tons. 

Silicomanganese imports for consump- 
tion totaled 34,936 tons containing 23,- 
416 tons of manganese, compared with 
35,771 tons containing 24,046 tons of 
manganese in 1966. Sources by tons gross 
weight were as follows (1966 data in 
parentheses): Norway, 20,892 (17,720); 
Yugoslavia, 11,200 (7,584); Mexico, 1, 
322 (4,236); France, 781 (168) ; Canada, 
676 (2,356); Japan, 66 (502); Brazil, 
(1,828) ; Chile, (1,237) ; and the Republic 
of South Africa (140). General imports 
were essentially the same for both years. 
Manganese metal imports for consumption 
were 2,237 tons in 1967 and 2,020 tons 
in 1966. The Republic of South Africa 
provided 2,037 and 1,446 tons, respec- 
tively: Japan, 200 and 574 tons, respec- 
tively. General imports were 2,426 and 
2,030, respectively for the 2 years. There 
were no spiegeleisen imports in 1967, 
but 133 tons came from Canada in 1966. 

Imports for consumption classifed as 
“Manganese compounds, other" totaled 
2,106 tons in 1967 and 1,403 tons in 


quantity, and price per pound, in paren- 
theses) were in gross weights: Japan, 2,- 
344 (888) (16.4 cents) ; United Kingdom 
391 (392) (6 to 7 cents) ; Belgium-Lux- 
embourg 370 (121) (14.9 cents); and 
small quantities at high unit prices from 
the Netherlands. The imports from Japan, 
and possibly those from Belgium-Luxem- 
bourg as well, appear to have consisted 
largely if not entirely of synthetic man- 
ganese dioxide. 


Tariff.—Suspension of the duty on 
manganese ore from most nations was 
extended for another 3 years by Public 
Law 90—49; that is, through June 30, 
1970. Ore from the U.S.S.R., mainland 
China, and certain other specified Com- 
munist countries, continued to be subject 
to a tanff of 1 cent per pound of con- 
tained manganese. 

Presidential Proclamation 3822, signed 
December 16, 1967, made effective be- 
ginning January 1, 1968, those reductions 
of Rate 1 duties, applicable to most 
countries, that were promised by the 
Kennedy Round of negotiations earlier in 
the year. Resulting duties for calendar 
year 1968 for the more important man- 
ganese alloys, and metal, imported from 
countries other than the U.S.S.R. and 
other specified Communist countries then 
became as follows: 


TSUS Item 
Number 
607.35 LOW Carbon 
ferromanganese. 
607.36 Medium- carbon 


ferromanganese. 
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1967 
rate 


0.6 cent per pound Mn 
content plus 4.5 per- 
cent ad valorem. 

0.9375 cent per pound 
Mn content. 

0.625 cent per pound 
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1968 
rate 


0.5 cent per pound Mn 
content plus 4 percent 
ad valorem. 

0.8 cent per pound Mn 
content. 


607.37 High- carbon 
ferromanganese. 

607.57 Silicomanganese 

632.32 Manganese metal 


Mn content. 

0.9375 cent per pound 
Mn content plus 7.5 
percent ad valorem. 

1.875 cent per pound 
plus 15 percent ad 
valorem. 


0.55 cent per pound Mn 
content. 

0.84 cent per pound Mn 
content plus 6.5 percent 
ad valorem. 

1.8 cent per pound plus 14 
percent ad valorem. 


These will be stepped down annually until 
January 1, 1972, when the rates for these 
alloy items will be roughly half those in 


effect in 1967, and the duty for metal will 
be 1.5 cents per pound plus 10 percent ad 
valorem. 


WORLD REVIEW 


Australia.—The first shipment of man- 
ganese ore from the Groote Eylandt de- 
posits, in the Northern Territory, was 
made in March 1966, its destination being 
the Bell Bay, Tasmania, ferromanganese 
plant of the affiliated Tasmanian Electro- 
Metallurgical Co. Pty., Ltd. By June, 
Groote Eylandt’s annual ore productive 
capacity was 200,000 tons. Plans called 
for this to be doubled by mid-1968 to 
400,000 tons. Besides Bell Bay, shipments 
were made in 1966 and 1967 to Australia’s 
Newcastle Stelelworks, Japan, Norway, 
and the United States. Completion of a 
second closed, rotating-hearth electric 
furnace in September 1966 at Bell Bay 
brought that plant’s ferromanganese cap- 
acity to 75,000 tons per year of high- 
carbon alloy containing 78 percent man- 
ganese, 14 percent iron, 6.8 percent carbon, 
and 0.3 percent silicon. This permitted 
exports to begin in October and the first 
shipment was to the United States. Entirely 
apart from these developments, Bell 
Brothers Pty. Ltd. contracted for export 
in 1967 of Western Australia metallurgical 
ore to Japan: 50,000 tons of good grade 
from Pilbara and 100,000 tons of lower 
grade from the Peak Hill area. Australian 
production of manganese ore other than 
metallurgical for 1962-66 was as follows: 


Type 1962 1963 1964 1965 1966 
Battery: 

Short 

tons... 896 1,362 829 1,960 .... 

Percent 

MnO: 72.0 73.2 69.7 66.6 .... 
Other: 

Short 

tons... 2,444 1,147 1,220 802 727 

Percent 

MnO: 42.9 33.0 47.5 67.9 62.6 


Brazil.—Indüstria e Comércio de 
Minério, S. A. (ICOM), operating the 
Serra do Navio mine, Amapá; Cia. 
Meridional de Mineracao, operating the 
Morro da Mina, Minas Gerais; and 
Sociedade Brasileira de Mineracao, Ltda. 
(SOBRAMIL), mining the Urucum de- 
posits in Mato Grosso, supplied 97 per- 
cent of the total manganese ore exported 
in 1966 and approximately 80 percent of 
the total shipping ore produced. Of total 
exports of 1,054,000 short tons, the United 
States took 681,500 tons; Japan, 89,800; 
Norway, 81,600 tons; Spain, 36,200 tons; 
West Germany, 35,500 tons; Canada, 29, 
200 tons; and seven other countries, the 
remainder. 


Canada.—Metallurgical grade man- 
ganese ore was consumed in 1966 for the 
production of manganese ferroalloys by 
Chromium Mining & Smelting Corp., 
Limited, Beauharnois, Quebec, and by 
Union Carbide Canada Limited, Welland, 
Ont. Battery grade ore was consumed by 
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Burgess Battery Co. Limited, Niagara 
Falls, Ontario; Mallory Battery Company 


of Canada Limited, Toronto, Ontario; 
National Carbon Limited, Toronto, 
Ontario; and  Ray-O-Vac (Canada) 


Limited, Winnipeg, Manitoba. Imports of 
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ferromanganese were 49,000 short tons 
in 1966, compared with 35,000 in 1965. 
Consumption in 1965 was 61,000 tons. 


2 Wigle, G. P. Manganese—1966. Mineral 
Resources Division, Department of Energy, 
Mines and Resources, Ottawa, Canada June 
1967, 8 pp. 


Table 9.—World production of manganese ore, by countries 1 2 
(Short tons) 


Country 1 1963 1964 1965 1966 1967 v 
n e 
North America: 

UD8.. u eee ms E 35-50 r 41,341 r 77,544 e 80,000 c 80,000 NA 
Mexico 9. ²˙ e 45+ r 190,543 r 210,549 r 204,721 r 126,457 122,000 
United States (ship- 

ment) 35+ 10, 622 26,058 29,258 14,406 12,585 

South America: 

Argentina. 30-40 r 32,204 r 41,081 r 22,446 r 12,236 NA 

Brazil; c AA 38—50 1,382,727 1,490,077 1,588,893 1, 603,745 1,248,000 

Chile: 2 nec cm 43-48 51,234 21,893 r 18,284 19,754 : 

Guyana 36-42 157,331 130,907 186,137 201,600 196,820 

POP 2 2-2 E as 42-45 571 410 1,091 937 NA 
Europe: 

Bulgaria 30+ r 42,437 57,000 46,000 e 46,000 e 46,000 

reechc . 35+ 21,278 r 20,371 r 11,909 NA 16,500 
Hungary........-.-.-- 30 — 167,960 188,711 234, 792 r 231,485 e 240,000 
ECH VE 30 — 49, 887 52,694 52,701 r 48,484 51,917 
Portugal. ` 38+ 9,434 7,711 8,559 9,488 10,981 
Rumania 35 286, 601 e 110,000 138,891 123,000 e 123,000 
Spann 30+ 16, 858 17, 762 r 19,247 20,948 9,243 
U.S: ccs e l NA 7,345,000 7,822,000 8,351,000 er7,720,000 ¢ 7,940,000 
Yugoslavia. ........... 30+ 8,964 8,5 8,925 9,498 10,826 

Africa: 

Angola____. Seel Wuere ee %%% mA ee s 20, 448 e 47,000 
Botswana 30+ 11,877 30,639 9,717 e 7,700 e 7,700 
Congo (Kinshasa) _ `` 48+ 297,660 341,385 416,205 214,809 307,813 
Gabon 48-53 701,716 1,057,750 1,411,398 1,408,814 1,264,360 
Ghana pg 48 449,121 09,341 65,821 647 , 422 e 580,000 
Ivory Coast 32-47 153, 291 150, 383 198,179 194,212 164,721 
Morocco... . ---- 35-53 369,217 375,974 414,337 399, 499 315,413 
Rhodesia, Southern 30+ -.-_--..-- 160 e 230 N 

South Africa, Republic 

Oberg eh eat te 30+ 1,441,503 1,455,271 1,727,822 1,866,166 © 1,930,000 
South-West Africa, 

Territory of.. „ eke. uus ue i cur 4,185 25, 367 NA 

Mag 8 6-44 e 275 e 9,400 1,102 1,653 e 1,600 
United Arab Republic 6_ 35+ e 7,000 e 47,000 e 26,000 e 26,000 NA 

"m Zambia 35+ 38,486 40,091 33,965 29,434 27,522 

sia: 

Burma 42+ e 220 NA r 661 NA NA 
China, mainland e. `` 30+ 1,102,000 1,102,000 1,102,000 1,102,000 770, 000 
India including Goa..... 32-53 1,428,354 1,548,955 1,779,913 71,849,550 1,762,594 
Indonesia... . ......... 35-49 ,136 c 550 r 457 NA e 13,000 
Fill ĩ 35 16, 500 35, 300 r 35,000 42, 000 e 45, 000 
DADA es 30-43 305,028 313,825 333,950 r 953,733 374,963 
Korea, South... 35+ 4,58 1 7 , 6,58 i 
Malaysia 30+ 7,696 o 1,754 r 64,803 93,713 
Pakistan 42+ 1,553 1,098 r 560 r 139 NA 
Philippines 30+ 8,450 8,824 57,038 61,832 95,331 
Thailand 40+ 7,285 12,185 36,848 77, 825 86,603 
Turkey ------------ 30-50 6,949 22,366 15,675 r 24,546 e 25,000 

Oceania: 
Australia 35—54 40,389 68 , 442 r 112,414 r 303,470 e 600,000 

DY ee m ee Un usura k = 40 3,621 1,004 6,040 r 5,871 6,547 
New Hebrides.......... 49-55 28,016 r 66,740 73,535 84,040 78,705 

Total ³˙¹“¹.. n aE r 16,249,000 7 17,487,000 7 19,425,000 7 19,141,000 18,650,000 


e Estimate. P Preliminary. r Revised. 


NA Not available. 


1 Czechoslovakia and Sweden report production of manganese ore (approximately 13 to 17 percent manganese 
content), but since the manganese content averages substantially less than 30 percent, the output is not in- 
cluded in this table. Czechoslovakia averages annually around 90,000 short tons and Sweden approximately 


13,000 tons for the last 5 years. 
? Compiled mostly from data available May 1968. 
3 Estimated from reported content. 


4 Grade unstated. Source: The National Economy of the U.S.S.R., Central Statistical Administration 


(Moscow). 
5 Dry weight. 


6 In addition to high-grade ore shown in the table, Egypt produced the following tonnages of less than 30 
percent manganese content: 1963, e 46,000; 1964, © 315,000; 1965, © 174,000; 1966, e 178,000; and 1967, not 


available. 


? Total is of listed figures only (rounded); no undisclosed data included. 
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Chile.—Manganese ore produced in 
each of the years 1964—67 averaged be- 
tween 46 and 47 percent manganese. 


Congo (Kinshasa).—All operations at 
the Kisenge mine of Société Miniere de 
Kisenge (SMK) stopped after an invasion 
of the town in November 1967 resulted 
in considerable destruction and pillage 
and the evacuation of all European per- 
sonnel. The new Afropile Battery Co. 
plant, in which SMK has a large interest, 
was also closed. Mining was not resumed 
before the end of the year, but some prep- 
aration of previously mined stocks for 
shipment began in mid-December. 


Ecuador.—Government approval was 
received by Union Carbide Corp. to erect 
a dry-cell battery plant in Quito. 


Gabon.— Manganese ore exports in 1967 
totaled 1,352,000 short tons, distributed 
(in percent) as follows: United States, 
63; France, 13; West Germany, 12; 
Japan, 9; Norway, 2; Belgium-Luxem- 
bourg and Italy, the remaining 1. All 
production continued to come from the 
Moanda deposits of Cie. Minière de 
l'Ogoué (COMILOG). Improvements 
planned for the aerial tram by 1968, in- 
cluding an increase in speed and replace- 
ment of existing steel buckets with alloy 
buckets of lighter weight, were expected 
to raise its annual capacity to approxi- 
mately 1,500,000 tons. This was believed 
to be the limit for the tram line and 
hence the effective limit of production 
capacity for the entire COMILOG 
operation. The Moanda deposits lie on 
five high plateaus as a horizontal bed 
averaging 12 to 18 feet thick under a 
layer of loosely consolidated earth and 
clay of approximately the same thickness. 
The ore rests on Precambrian black 
schist with occasional thin layers of man- 
ganese carbonate in between, and consists 
for the most part of poorly crystallized 
manganese oxides interspaced with argil- 
laceous siliceous layers. Portions provide 
battery-grade material, and a laboratory 
was built at the mine for regularly testing 
suitability for this purpose. After studying 
the feasibility of manufacturing dry cells 
in Gabon to supply the country's require- 
ments and those of associated African 
States, the Government concluded that a 
$570,000 plant was indicated for annual 
production of 8 million round 1.5-volt 


ground mines 
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batteries. Production of  battery-grade 
concentrate of 82 to 84 percent manganese 
dioxide content was 29,000 tons in 1967 
and 6,400 tons in 1966. 


Ghana.—Operations at the Nsuta mine 
included continuing pilot plant investiga- 
tions looking tcward beneficiation of a 
large reserve of low-grade ore. Union 
Carbide Ghana Limited, jointly owned 
by Union Carbide Corp. and the Na- 
tional Investment Bank of Accra, was 
formed to manufacture flashlight and 
radio batteries in Ghana. 


Greece.—A plant to manufacture dry 
cell batteries was being built near Thebes 
by Union Carbide Hellas S.A., a newly 


formed subsidiary of Union Carbide Corp. 


Guatemala.—Cia. Minera de Guatemala, 
a small lead-zinc mining operation at 
Caquipec, Alta Verapaz, exported 272 
short tons of manganese ore or concentrate 
to the United States in 1966. Manganese 
content exceeded 50 percent. 


Guyana.—Manganese ore exported in 
1967 totaled 215,000 short tons, averaging 
36.1 percent manganese. The ore was from 
the Matthews Ridge mine of Manganese 
Mines Management Limited, a subsidiary 
of Union Carbide Corp. 


India.—Delayed ore contract deliveries 
by the Government-owned Minerals and 
Metals Trading Corp. (MMTC) were 
the result of continuing difficulties with 
road and railroad transport, problems in 
obtaining high-grade ores, and loading 
difficulties at the ports.* Deliveries of 
Indian ferromanganese and ore to the 
United States on the 1963 government- 
to-government barter contract were com- 
pleted by the end of November 1966, 
but some ferromanganese and electrolytic 
manganese metal to be made in the 
United States from this ore remained out- 
standing. Export duties on manganese ore 
containing 10 percent or more manganese, 
put into effect on August 2, 1966, were 
reduced late in May 1967 to 12.50 rupees 
($1.65) per metric ton from 20 rupees 
($2.65). These actions followed devalua- 
tion of the rupee June 8, 1966. Most of 
India’s operating manganese mines in 
1966 were open pit operations. Under- 
of importance were the 


3Bureau of Mines. Mineral Trade Notes. V. 
64, No. 4, April 1967, pp. 17-19. 
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Ukwa and the new Bharweli, Balaghat 
district, Madhya Pradesh; the Gowan 
Wadhona, Chhindwara district, Madhya 
Pradesh; the Mansar, Nagpur district, 
Maharashtra; and the Shivrajpur and the 
Bamankua mines, Gujarat. Cut and fill 
and/or square set mining methods were 
used with little mechanization. The total 
number of workers employed in all man- 
ganese ore mining in 1966 was estimated 
to be 42,500. Domestic consumption of 
manganese ore was estimated to be ap- 
proximately 600,000 tons, of which 400,- 
000 tons was used by the iron and steel 
industry, and the remainder largely by 
the producers of ferromanganese. Large 
annual losses to the Government (MMTC) 
in export of the ores resulted in forma- 
tion of a “Consultative Committee for 
Manganese Ore” to study the industry’s 
problems and suggest remedial measures. 
Mine operators maintained that direct 
negotiation of export contracts between 
themselves and foreign buyers, without 
going through MMTC, would be necessary 
to arrive at a real solution. Exports of 
standard peroxide ore of 86 percent man- 
ganese dioxide content were 110 short 
tons in 1966, none in 1965, and 50 tons 
in 1964; exports of peroxide ore of lower 
manganese dioxide content were 1,300, 
2,300, and 2,000 tons, respectively. Ex- 
ports of ferromanganese were 27,000 tons 
in 1967 and 17,000 tons in 1966. The 
United States took 98 percent of the 
1966 exports of ferromanganese. 


Italy.—Manganese ore produced in 
1967 had an average manganese content 
of 30 percent compared with 28 percent 
in 1966 and 1965. 


Ivory Coast.—A breakdown follows, by 
grades, of the manganese ore produced in 
1967: 50 percent contained 45 to 47 
percent manganese, 32 percent contained 
40 to 42 percent manganese, 10 percent 
constituted fines containing 40 percent 
manganese, and 8 percent was fines of 32 
percent manganese content. Total exports 
were 136,000 tons and consisted entirely 
of the two coarse grades. Total exports in 
1966 were 172,000 tons and had 40- 
percent or better manganese content. 


Japan.—The country’s largest producer 
of synthetic manganese dioxide, Tekkosha 
Co., tripled productive capacity of its 
Hyuga plant to 18,000 tons per year. 
‘Together wtih 6,000 tons at its Yamagata 
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plant, this brought the company’s total 
capacity to 24,000 tons per year, and that 
of the country apparently to 39,000 tons. 
Japanese annual consumption was reported 
to run approximately 7,000 tons with the 
large difference exported.* As of April 1, 
1967, after a survey of 75 metallurgical 
manganese ore mines, and 26 manganese 
dioxide mines, Japan’s total reserves of 
metallurgical ore were stated to be 6,180,- 
000 short tons averaging 24 percent manga- 
nese, while those of dioxide ore were 110,- 
000 tons averaging 62 percent manganese 
dioxide. Production of dioxide ore was 16,- 
000 tons in 1967, averaging 68.6 percent 
manganese dioxide, and 11,000 tons in 
1966, averaging 68.1 percent manganese 
dioxide. Metallurgical ore produced in 
those 2 years averaged 30 and 31 percent 
manganese, respectively. Production of 
manganese metal was 7,000 tons in 1967, 
and 5,100 tons in 1966. A strike of 3 
months duration in the middle of 1966 at 
Tekkosha's Yamagata plant affected that 
year's production and exports. Production 
of manganese dioxide (presumably syn- 
thetic dioxide) was 38,200 tons in 1967 
and 25,600 tons in 1966. 


Kenya.—Through Union Carbide Kenya 
Limited, Union Carbide Corp.'s first dry- 
cell battery plant in Africa started pro- 
duction in late 1967 at Nakuru. 


Mexico.—A $5 million Alliance for 
Progress Loan was authorized by the Ex- 
port-Import Bank of Washington for the 
purchase of equipment and engineering 
services by Cia. Minera Autlan for the 
development of its large deposit of carbon- 
ate manganese ore at Molango, Hidalgo. 
The loan was guaranteed by Bethlehem 
Steel Co. Plans called for development of 
an underground mine, small open pit, 
crushing and blending plant, large roasting 
and nodulizing kiln fired by natural gas, 
and construction of a gas pipeline from 
Pachuca, with production to begin in 
1968. Mexico produced 39,000 tons of 
ferromanganese and 7,300 tons of silico- 
manganese in 1967. 


Morocco.—Production of  chemical- 
grade ore was 97,000 short tons in 1967 
at an average grade of 84 percent man- 
ganese dioxide, and 86,000 tons of the 
same grade in 1966. Sinter produced in 


4 European eu s News (London). V. 11, 
No. 262, Feb. 3, 1967, p. 24. 
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1967 totaled 83,000 tons and came from 
105,000 tons of metallurgical ore that is 
included in the ore production figure of 
table 9. In 1966, there was 99,000 tons of 
sinter produced having a manganese con- 
tent of 56 percent and coming from 125,- 
000 tons of metallurgical ore that is also 
included in the reported ore production 
figure of table 9. The Bou Arfa mines, 
second largest manganese producer in 


Morocco and employing almost 1,000 
workers, closed in spring 1967. 
Philippines.—Ferromanganese produc- 


tion was 273 short tons in 1967 and 685 
tons in 1966; silicomanganese production 
was 105 and 261 tons, respectively. 


Red Sea.—Scientists of the Woods Hole 
Oceanographic Institution reported large, 
rich, underwater accumulations of iron, 
manganese, gold, silver, zinc, and copper 
at depths of 7,000 feet in the Red Sea 
between Port Sudan, Sudan, and Jidda, 
Saudi Arabia. 


South Africa, Republic of.—In each of 
the fiscal years ending June 30, 1967, and 
June 30, 1966, South African Manganese 
Ltd. produced a total of more than 1 mil- 
lion tons of ore from its Mamatwan and 
Hotazel mines in the Kuruman area, and 
the Lohathla mine in the Postmasburg 
area. All are open pit operations. The ore 
at Hotazel lies in two continuous beds 
separated by 70 feet of iron formation. 
The top bed typically is 20 feet thick and 
is reported to analyze consistently 48 per- 
cent or more manganese, 14 percent iron, 
5 percent silica, and 0.05 percent maximum 
phosphorus. The lower bed has a thick- 
ness of 40 feet, or more, and a similar 
analysis except that iron content is lower, 
roughly 9 percent. At Mamatwan the ore 
is also continuous and of consistent quality, 
analyzing 38 to 40 percent manganese, 4 
to 6 percent iron, 4 to 6 percent silica, 12 
to 14 percent calcium oxide (CaO), and 
0.03 percent phosphorus. Diamond drilling 
at the Mamatwan mine has disclosed 200 
million tons of ore. Large earth moving 
equipment is used at both mines and the 
ore is crushed and screened to minus 4- 
plus Lé inch, with no further beneficiation. 
At the Lohathla mine, where the ore oc- 
currences are scattered and irregular, there 
is much hand mining and hand sorting. 
Lohathla ore is generally hard, high in 
iron, and low in silica. Increases in rail 
freight rates averaging 18 percent became 
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effective September 1, 1966, on manganese 
ores for export. The South African Rail- 
ways continued with its electrification 
program of the line from Kimberley to 
north of Postmasburg. Expansion of the 
plant of Electrolytic Metal Corp. (Pty.) 
Ltd., South Africa’s only producer of 
electrolytic manganese, was completed in 
1966 to provide a designed capacity of 
8,400 short tons of metal per year. After 
overcoming some technical difficulties, the 
desired level of operation was reached in 
August of that year. Output reached 8,700 
tons in 1967 after having been 6,940 tons 
in 1966 and 5,550 tons in 1965. 


Thailand.—Battery-grade manganese ore 
produced in Thailand totaled 10,000 short 
tons in 1967 and 8,200 tons in 1966, both 
averaging 75 percent manganese dioxide; 
tonnages for 1965 and 1964 were 4,500 
and 3,400, respectively. 

United Kingdom.—The duty on man- 
ganese metal containing from 96 to 99.5 
percent manganese, not more than 1 per- 
cent carbon, and not more than 3 per- 
cent iron, was suspended late in 1966 and 
remained suspended through 1967.9 This 
was reportedly for the purpose of facilitat- 
ing entry from France of Gimel metal, an 
electrothermally produced alloy that com- 
petes in the United Kingdom with low- 
carbon ferromanganese rather than with 
electrolytic manganese metal. For steelmak- 
ing, United Kingdom practice has prefer- 
red low-carbon ferromanganese to electro- 
lytic manganese metal. The latter, supplied 
by the RepubEc of South Africa, Japan, 
and the U.S.S.R., has been used for non- 
ferrous alloys. Electrolytic manganese im- 
ports were duty free. Berk-Leiner Ltd., 
Treforest, South Wales, stopped producing 
electrolytic manganese dioxide in February 
1966 in spite of the protection of a 10- 
percent import duty. 


Upper Volta, Republic of.— Test drilling 
by the United Nations of the Tambao 
manganese deposit, near the Mali-Niger 
border and 10 miles north of the town of 
Markoye, proved reserves of 6.9 million 
tons of ore with good possibilities for an 
additional 2 or 3 million tons. Indications 
were that the ore would grade from 44 
to more than 54 percent manganese. The 


3 Metal Bulletin (London). Samangan of S. 
Africa. No. 5227, Sept. 1, 1967, pp. 21-23. 

6 Metal Bulletin (London). No. 5195, May, 
5, SCC pp. 15, 24; No. 5164, Jan 18, 1967, 
p. 15. 
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deposit is 220 miles from the terminus at 
Ougadougou of the railroad from Abidjan, 


MINERALS YEARBOOK, 1967 


Ivory Coast, and 600 miles inland from 
Cotonou on the Dahomey coast. 


TECHNOLOGY 


Numerous large rhodonite-quartz-carbon- 
ate veins containing zinc, lead, copper, and 
iron sulfides, with minor gold and silver 
values, fill fissures in Tertiary volcanic 
rocks of the San Juan Mountains near 
Silverton, Colo. The deposits constitute a 
sigificant potential source of manganese 
for an emergency or other period of high 
demand with favorable prices.) They out- 
crop at elevations of 11,000 to 13,000 feet 
with only surficial oxidation. The largest 
vein in the Eureka-Animas Forks district, 
the Sunnyside, carries manganese mineral- 
ization for a length of more than 8,000 feet 
with a maximum width of 200 feet. 
Samples over a 2,000-foot length had a 
weighted average manganese content of 8 
percent. Where intersected by the recently 
completed American Tunnel at a depth of 
2,400 feet below the outcrop, rhodochrosite 
and other manganese carbonate minerals 
were observed to be more abundant than 
rhodonite. An average manganese content 
of 10 percent or more was found in other 
veins of the district. 

The potential of deep-sea manganese 
nodules as a resource received a thorough 
objective analysis. Research has suggested 


that some of these nodules can be effec- . 


tively used to alleviate air pollution by re- 
moving sulfur dioxide from power plant 
and other waste stack gases. The nodules 
were packed loosely as a column in a tower 
through which the gas was passed. Sulfur 
dioxide in the gas reacted with the man- 
ganese of the nodules to form manganese 
sulfate. Even when the gas contained only 
a few parts per million, removal of sulfur 
dioxide was 98 percent efficient. Approxi- 
mately 40 percent of the manganese con- 
tained in the sulfated nodules was then 
recoverable by leaching with dilute sulfuric 
acid.? 

In extensive use tests, the addition of 
methyl cyclopentadienyl manganese tricar- 
bonyl to fuel oil, in the proper proportions, 
reduced the sulfur trioxide content of 
powerplant flue gas by 45 percent at a 
material cost approximating 0.45 cent per 
million Btu." An added benefit was ap- 
preciable reduction of soot deposits. 

By wet grinding a 4-to-l mixture of 
manganese carbonate ore (18 to 27 per- 
cent manganous oxide, 10 to 12 percent 


iron) and ore slimes (22 percent manga- 
nous oxide, 24 percent ferric oxide) and 
subjecting the resulting slurry to power- 
plant flue gases, manganese sulfate was 
obtained. The sulfate solution was purified 
by the addition of "limestone meal," and 
manganese removed with “limewash’’, to 
give MnO-OH which was thickened, 
filtered, and dried, for a product analyzing 
60 to 65 percent manganese with virtually 
no iron or phosphorus. Favorable costs 
were claimed, plus the added benefit of 
air pollution. control, but scale of the 
work was not stated.!! 

In scaling up the cyclic sulfur dioxide 
and sulfuric acid leach processes that have 
been under development for recovering 
manganese from low-grade or offgrade 
ores, the decomposition of manganese sul- 
fate has been a problem. Laboratory-scale 
investigations showed that satisfactory de- 
composition can be accomplished by partial 
reduction, using controlled quantities of 
solid reductants in the absence of air, at 
temperatures of 700° to 800° C instead 
of the higher temperatures required when 
heat alone is used.“? 

To obtain basic data for use in directing 
the nature of manganese research, solid 
state reactions of manganese with silica in 
various proportions were studied by the 
Bureau of Mines. The difficult separation 
of metallic and slag phases was accom- 
plished by bromination with bromine vapor 


7 Young, William E. Manganese Occurrences 
in the Eureka-Animas Forks Area of the San 
Juan Mountains, San Juan County, Colo. 
BuMines Inf. Cire. 8303, 1966, 52 pp. 

8 Brooks, David B. Low-Grade & Noncon- 
ventional Sources of Manganese. Resources for 
the Future, Inc., Washington, D.C., 1966, pp. 
93-108. 

9Zimmerley, S. R. (assigned to Kennecott 
Copper Corp.) Use of Deep-Sea Nodules for 
Removing Sulfur Compounds From Gases. U.S. 
Pat. 3,330,096, July 11, 1967. 

10 Belyea, A. R. Manganese Additive Reduces 
SO3. Power, v. 110, No. 11, November 1966, 
pp. 80-81. 

11 Steel. V. 160, No. 1, Jan. 2, 1967, p. 27; 
Hungarian Journal of Mining (Banyaszati 
Lapok), V. 99, January 1966, pp. 7-17. 

12 Fuller, Harry C. (assigned to the United 
States of America as represented by the Sec- 
retary of the Interior). Process for Decomposing 
Manganese Sulfate To Form Manganous Oxide 
and Sulfur Dioxide. U.S. Pat. 3,301,634, Jan. 
31, 1967. 

Fuller, H. C., and V. E. Edlund. Decomposi- 
tion of Manganese Sulfate by a Partial Reduc- 
tion Process. BuMines Rept. of Inv. 6794, 1966, 


18 pp. 
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under reduced pressure and carefully con- 
trolled rates of heating.? 

A chlorination procedure was developed 
in the laboratory as the basis for a pro- 
posed process for recovery of manganese 
from virtually any manganiferous material. 
Recoveries of 90 to nearly 100 percent 
were obtained from the more important 
low-grade and offgrade domestic resources, 
including siliceous and carbonate re- 
sources.14 

Im laboratory experiments, molten man- 
ganiferous pig iron containing 4 to 5 per- 
cent maganese was injected with oxygen 
to reduce the metal to 1 percent or less 
manganese and make a slag containing 
approximately 40 percent manganese. 
After quenching with water, the slag was 
treated with concentrated sulfuric acid, 
roasted to inhibit gel formation, and the 
soluble manganese and iron sulfates 
leached out with water. These were pre- 
cipitated as hydroxides, converted to oxide, 
and smelted to standard ferromanganese.” 
The work combined the Carosella melt- 
quench-leach process (see Manganese 
chapter, 1959 Minerals Yearbook) with 
the Wright process.’® 

With emphasis placed on iron rather 
than manganese recovery, four Cuyuna 
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range (Minnesota) brown manganiferous 
iron ores, ranging in composition from 
6.0 to 8.1 percent manganese, 36.3 to 46.5 
percent iron, and 8.1 to 32.6 percent silica, 
were investigated in the laboratory by a 
procedure involving a metallizing high 
temperature reduction roast (1,040° or 
1,120°C) and magnetic separation. Man- 
ganous oxide in the nonmagnetic fraction 
was leached with dilute sulfuric acid to 
recover as a byproduct more than 40 per- 
cent of the manganese contained in the 
ore. The magnetic fraction yielded an iron 
product analyzing 68 to 85 percent iron." 


13 Iverson, H. G., and E. L. Singleton. Reac- 
tions of Manganese With Silica. BuMines Rept. 
of Inv. 6905, 1967, 16 pp. 

14 Cochran, A. A., and W. L. Falke. A One- 
Step Operation for Recovery of Manganese as 
Chloride From Ores and Slags. BuMines Rept. 
of Inv. 6859, 1967, 22 pp. 

Brantley, and E. C. 


15 Davis, E. G., F. E. 

Wright. Recovery of Manganese From Slag 
Formed by Selective Oxidation of High- 
Manganese Pig Iron. BuMines Rept. of Inv. 
6728, 1966, 16 pp. 

16 Wright, Edwin C. Method of Making Ferro- 
manganese Having Over 60 Percent Manganese 
From Waste Steel Mill Slags and Low Grade 
Natural Ores. U.S. Pat. 2,764,857, May 22, 
1956. 

17 Weston, P. L., and M. M. Fine. Reduction 
Roasting-Acid Solution Techniques in Laboratory 
Processing of Minnesota Manganiferous Ores. 
BuMines Rept. of Inv. 6775, 1966, 22 pp. 
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Mercury 


By John G. Parker’ 


Decreased imports, especially from Italy 
and Mexico, and lower consumption char- 
acterized the U.S. mercury industry in 
1967. Production from 122 mines was 
higher than the previous year, principally 
because of increased output from Nevcda. 

Secondary production, including Govern- 
ment releases of surplus mercury, provided 


32 percent of the mercury for U.S. con- 
sumption compared with about 23 percent 
in 1966. 


Foreign mercury production, mainly that 
of Spain, was considerably lower despite an 
increased price for the metal (average was 
$489.36 per flask at New York in 1967). 


Table 1.—Salient mercury statistics 


1963 1964 1965 1966 1967 
United States: 
Producing mines 48 72 149 130 122 
Production______. flasks. . 19,117 14,142 19,582 22,008 23 , 784 
Value... 2-222-22222-2- thousands.. $3,623 $4,452 $11,176 $9,72 $11,639 
Exports- ee flasks. . 187 188 , 543 357 2,627 
E el EE do. 40 196 94 476 475 
Imports 
For consumption do.... 42,872 41,153 16,238 81,364 24,348 
General________ anui do 48,126 41,107 17,838 34,757 23 , 899 
Stocks Dec. 31___________-__.--- do.... 12,181 17,362 20,386 20,076 18,243 
Consumption do 77,963 81,354 73, 560 71, 509 69,517 
y a New York, average per flask. ..... $189.45 $314.79 $570.75 $441.72 $489.36 
orld: 
Production flasks. 239,652 254,973 267,713 264,959 242 ,042 
Price: London, average per flask... .__- $171.42 $282.25 $607.85 $447.68 $499.36 


Legislation and Government Programs. 
—Through the Office of Mineral Explora- 
tion (OME) of the Geological Survey, the 
Federal Government offered financial aid 
to qualified applicants searching for mer- 
cury. The offering of 50 percent of total 
allowable exploration costs at eligible 
domestic mercury deposits, in effect since 
1957, was raised in September to 75 per- 
cent. 

The stockpile objectives for mercury, 
which had been changed during 1966 to 
200,000 flasks for conventional war and 


8,600 flasks for nuclear war, remained the 
same in 1967. As of September 30, 1967, 
there were 200,365 flasks in the stockpile. 
Total releases of surplus mercury by Gen- 
eral Services Administration (GSA) during 
1967 were 11,454 flasks, leaving a surplus 
of 22,935 flasks for disposal at yearend. 
This material came from stocks previously 
transferred by the Atomic Energy Commis- 
sion (AEC) to GSA. In 1965 AEC had of- 
fered 38,000 flasks to GSA but withdrew 
the offer in 1966 and instead offered 20,000 
surplus flasks. 


DOMESTIC PRODUCTION 


In response to higher average prices 
for mercury in 1967, compared with those 
of 1966, primary mercury production in 
the United States increased 8 percent 


1 Commodity specialist, 


Division of Mineral 
Studies. 

2 Flasks as used in this chapter refers to x 76- 
pound flask. 
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above that of 1966. Im 1967 the ore proc- 
essed averaged 4.1 pounds of mercury per 
ton. Of 122 operations, the 78 in Cali- 
fornia, where output rose slightly, pro- 
duced nearly 70 percent of the Nation’s 
mercury. Output from 25 operations in 
Nevada increased 40 percent and output 
from Oregon was 35 percent greater than 


Properties producing 1,000 flasks or more: 
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in 1966. A major producer, the Bretz mine 
in Oregon, closed in September 1966 be- 
cause of ore depletion. 

The quantity of secondary mercury, pro- 
duced from battery scrap, reclaimed dental 
amalgams, sludges, and other sources, 
increased. The secondary figures as shown 
include GSA releases. 


Mine 


State: County 

Californian San Luis Obispo Buena Vista. 
DO ies Sam Ü ras Sonoma- o eoe scelus Mt. Jackson 
EI ARR pb San Benito New Idria 

Nevada... `- _----------------- Humbold/wuuee Cordero. 

Properties producing 500 to 1,000 flasks: 

State: County Mine 
California 9 c wi. Helen. 

PJ A ETS. DN E - ³ cee PSU Knoxville. 

DO ie ot Sia cv 8 Santa Clara- ----------------- New Almaden. 
Idaho... l cect eos ee Washington Idaho-Almaden. 
Nevada ee edit s co Done Esmeralda B&B. 

E yT K Pershing Red Bird. 
Oregon. lcu i ee Lad. u puls us uns Black Butte. 

Properties producing 100 to 500 flasks: 

State: Counly Mine 
NIT MM KT up eee te aed White Mountain. 
RE EE Maricopa. akk... Pine Mountain. 
Arkansas 1 ÜÜ¹ ass Zm s sos 8 Great Southwestern Mining. 
California Trinity dE EE Altoona. 

Ons ee ee ete IN AG ose ee EE Corona. 

BOLD o LL LUE. Sonoma___.______...._------------ Crystal. 

)))) 6 N; ĩ˙ mA ĩðê 8 Gambonini. 

Do. Santa Barbara Gibraltar. 

Be EE Santa Clará......... ccc el erger Guadalupe. 

bi EES ENEE Konocti. 

]] Sate E San Luis Obispo. .................. La Libertad. 

| © 1s OLD EE Eingo. B c oes woe Little King. 

DC. leno terree Fe im duce. Guyu Mercy. 

EI EE Sonoma AT Socrates. 
KIEREN ----------------------- ECH EE E Glass Butte. 
KT EE BrewBLOr.-—- n6 SE oes Study Butte. 

| D [> pee ene lee dee Preidese ; Fresno. 


Table 2.—- Mercury produced in the United 
States, by States 


Pro- Value 1 
Year and State ducing Flasks  (thou- 
mines sands) 

1966: 
Arizona 7 363 $160 
California 71 16,070 7,100 
0h 2 1,134 501 
Nevada..............- 29 3,355 1,482 
Oregon 8 700 309 
Alaska, Arkansas, Texas. 13 386 170 
Peet! é 130 22,008 9,722 

1967: 
California 78 16,385 8,018 
Idaho. ce 2 898 439 
Nevada 25 4,703 2,301 
Oregoůn 6 943 461 

Alaska, Arizona, 

Arkansas, Texas... 11 855 420 
Total... 122 23,784 11,639 


1 Value calculated at average New York price. 


Table 3.—Mercury ore treated and mercury 
produced in the United States 1 


Mercury produced 


Ore Pounds 
Year treated Flasks per ton 
(short of ore 
tons) 
1963... .... 113, 589 19,101 12.8 
1964. r 149,907 14,115 7.2 
19 eu r 339,124 r 19,358 4.8 
1966 r 321,080 r 21,993 5.2 
1967 zac 439 , 753 23 , 767 4.1 


, | Excludes mercury produced from placer opera- 
tions and from cleanup at furnaces and other plants. 


Table 4.—Production of secondary mercury 
in the United States 


Flasks ` 

Year: 
1963 EE 10,520 
Jöö K a E N A a 24,519 
KI EES 46,670 
Cr hed te he Slt ct 16,400 
17//Jö˙§%5 ð 22,150 


1 Includes GSA releases. 
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CONSUMPTION AND USES 


Consumption of mercury by industry in 
1967 was nearly 3 percent less than that in 
1966. The increased use of mercury at 
existing chlorine plants, for agricultural 
purposes, and for catalysts in making 
plastics did not compensate for declines 
in mercury usage in pharmaceuticals, in 
paints, and that destined for new or ex- 
panded chlorine and caustic soda facilities. 
The three leading uses, consuming 59 per- 
cent, were in the electrolytic preparation of 
chlorine and caustic soda, in electrical 
apparatus, and in “other uses." Much of 
the “other uses” category includes mercury 
used for expansion and installation of 
chlorine and caustic soda plants. 

In the manufacture of chlorine and 
caustic soda, an advantage of using mer- 
cury cells is that they yield a higher purity 
product. For each ton of chlorine, only 0.4 
pound of mercury is consumed. Conse- 
quently up to a certain undetermined price 
for mercury, cells using the metal are more 
economical, thereby giving the producers 
a price advantage over those using dia- 
phragm cells. About 7.6 million tons of 


chlorine was produced in 1967 compared 
with 6.9 million in 1966. In 1967 26 of 74 
domestic chlorine plants used mercury cells 
and about 25 percent of chlorine produc- 
tion came from mercury-cell plants. Four 
plants, one each in Kentucky, Maine, 
Texas, and Wisconsin, were built during 
1966 and 1967. At the new Texas plant 
facilities already were being expanded 60 
to 70 percent by mid-1968, and three other 
companies, with plants in Louisiana, New 
Jersey, and ‘Tennessee, were building or 
planning expansions. By 1970 it was es- 
timated that the chlorine production 
Capacity would be about 9.8 million tons 
per year with about 9.1 million tons pro- 
duced. 

Most of the mercury consumed in elec- 
trical apparatus applications was used in 
mercury battery cells which provide a 
relatively large quantity of power in small 
volume. They were said to deliver three to 
six times the energy of zinc-carbon batter- 
les of comparable size but cost about four 
times as much. 


Table 5.—Mercury consumed in the United States by uses 


(Flasks) 
Use 1963 1964 1965 1966 1967 

Agriculture (includes fungicides and bactericides for 
industrial pur pose) 2, 538 3,144 3,116 2, 374 3,732 
Amalgams tis 8 306 r 308 r 268 r 248 219 
Catalyste ] à eee Bae Gl 612 656 924 1,932 2,489 
Dental preparations ! .-.-.- 2,346 2,612 1,619 r 1,334 1,359 
Electrical appa;atus !... 2 2 eee 11,115 10,690 13,931 13,339 13,823 
Electrolytic preparation of chlorine and caustic soda. 7,999 9,572 8,753 11,541 14,306 

General laboratory use: 
Commercial........... 2.22222 222222222. 1,241 r 1,583 r 1,119 r 1,563 1,133 
Governmeanntnttndnd -. 3,821 1% % eic 2222- 
asna and control instrument 4,943 4,972 4,628 r 4,097 3,865 
aint: 
AntifOuling <6 624262 beige Seeker S 252 547 255 140 152 
Mildew proo fing 6, 403 4,898 7,534 7,762 6,151 
Paper and pulp manufacture 2,831 2,148 619 612 446 
Pharmaceuticalss 2. l l.l ll cll... 4,081 5,047 3,261 3,668 1,945 
Redistilled "e 9,227 : 11,697 1 12, 131 r 7,267 1,334 
ö;—I: ũ ꝶ d 8 20, 248 7,784 15, 402 15,632 12,563 
TOtal. tc tcc we teet 77,963 781,354 73,560 71, 509 69,517 
r Revised. 


1 A breakdown of the *''redistilled" classification showed averages of 43 percent for instruments, 14 percent 
for dental preparations, 23 percent for electrical apparatus, and 20 percent for all other uses in 1963-66, com- 
pared with 49 percent for instruments, 14 percent for dental preparations, 22 percent for electiical apparatus, 
11 percent for general laboratory and 4 percent for all other uses. 

? Includes mercury used for installation and expansion of chlorine caustic soda plants and vermilion. 
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U.S. percentage of world production 
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Figure 1.— Trends in production, consumption, and price of mercury. 


U.S. industrial consumption 
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I960 


Dollars per 76-Ib flask quoted in New York 


P an T A 


Table 6.—Stocks of mercury, December 31 


(Flasks) 
Year Producer Consumer Total 
and dealer 
ETH ____.-..-- 1,581 10,600 12,181 
19644. 708 r 16,654 r 17,362 
1965 1,432 18,954 r 20,386 
1966 1,976 18,100 20,076 
19677 723 17, 520 18,243 


1965 


1970 
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Table 7.— Average monthly prices of mercury at New York and London 


(Per flask) 
1966 1967 
Month 

New York! London? New York! London 

% cU ee ses LC AE Au d SSD O ee eats $509.29 $545.36 485.76 488 . 48 
n,, zS p ecg es 457.6 496.74 503.70 488.97 
E cues s ss ca ³·¹ du eL rne ana S ee 411.52 448.63 506.14 511.72 
Ne sm sc itte nd ⁊ĩv2tn •rkk y 88 397.15 406.79 488 .50 508. 85 
//////õõĩ⁰]⁰˙ mmm é 368.33 356.02 452. 05 481.07 
JUNG. us Le c T gk y eeu EE 834.09 818.04 480.23 513.02 
JUS uer sac p iei M EE 378.50 859.06 475.35 476.63 
KETTER 427.83 414.88 483.35 476.29 
September EE 463.10 458.84 497.55 501.07 
October.. EE 532.62 499.00 488.18 490.54 
November 536.05 544.26 498.81 508.41 
Denen 8 484. 52 527.38 512.65 529.39 
Average LL sl. ·⁰ dd ee 441.72 447.68 489.36 499.36 


1 Engineering and Mining Journal, New York. 


2 Mining Journal (London) prices in terms of pounds sterling were converted to U.S. dollars by using average 


rates of exchange recorded by Federal Reserve Board. 


FOREIGN TRADE 


Exports, considerably above those of 
1966, were still only about one-third those 
of 1965. Although shipments were made to 
41 countries, the principal recipients were 
India and Japan with 87 percent of the 
total. Sales to India were under an Agency 
for International Development program. 

Imports. of mercury metal into the 


Table 8.—U.S. exports and 
reexports of mercury 


Exports Reexports 
Year Value Value 
Flasks (thou- Flasks (thou- 
sands) sands) 
1965 7,548 $5,081 494 $316 
1966. ....... 357 197 476 280 
19677 2, 627 1,281 475 198 


United States decreased significantly from 
those of 1966 but were still about 50 per- 
cent greater than those of 1965. Compared 
with the previous year, mercury imports 
from Spain in 1967 showed the only con- 
siderable increase while those from Italy 
and Mexico dropped sharply. In 1967 U.S. 
imports for consumption from Spain were 
27 percent of Spanish production compared 
with 9 percent in 1966 and 15 percent in 
1965. 

As a result of concessions granted by 
the United States at the sixth round of 
trade negotiations under the General 
Agreement on Tariffs and Trade (GATT) 
—the Kennedy negotiations completed at 
midyear—the rate on imported mercury 
was reduced to 22 cents per pound or 
$16.72 per 76-pound flask, effective January 
1, 1968. 
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Table 9.—U.S. imports for consumption ! of mercury, by countries 


1965 1966 1967 

Country — — — ————————— 
Flasks Value Flasks Value Flasks Value 
(thou- (thou- (thou- 
sands) sands) sands) 
Bolivia 50 81d 40 $18 
Canada. Ee eelere e dee, 82 1 349 $74 391 97 
hh EE eo ees. ̃ꝶ»mm tects: ĩðͤ 250 80 
Germany, Wett 150 BO” onec ester. . es | abt 
BONY Sct tea en 8 1,208 834 13,942 5,554 4,091 1,831 
J ⁵˙²V. ` ieee ere 50 2 vues 
Mexico__ kh os ek web ee oe 1,290 544 6,030 2,212 1,234 533 
NetherlaBDdN.. ⁵ ⁵ ̃ naaa OOO aaae OO aaa ee 200 84 
OP roca cet, 8 1,868 818 451 149 1,037 427 
PHillppin@S Su EENG 1,150 519 550 238 
S]? ³¹ ALLE SRL I Es 10,995 5,811 6,115 2,524 13,470 5 , 837 
Turkey... oe ee 6. SABE sees ete || eet 
United Kingdom 8 1 (?) (u — "cn ee 
Yugoslavia______.________-_-_-_-_------ 1,101 474 8,277 1,264 3,085 1,590 
Total e rub Iure uasa Lire 16,238 7,614 31,364 12,322 24,348 10, 735 


" ! Data include mercury imported for immediate consumption plus material withdrawn from bonded ware- 
ouses. 
2 Less than 1⁄4 unit. 


Table 10.—U.S. imports 1 of mercury, by countries 


(Flasks) 
Country 1965 1966 1967 

E EEN DÜ. eee 40 
/ ⅛˙¹iàA ³⅛˙¹¹³ſſſſͥſ Ad d ariel Baan hapa hs 32 r 849 391 
))!C!ͥõͤ ³A3ddddſ́Gſ ⁸;ĩ r ³ ³ A 8 250 
Germany, Wee h/ aO a 
MY A EE E E AEE E ETE mw RM 8 1,297 14,485 5,117 
Japan ONE UH ate EE DÜ^  — ZS 2 = 
eee ß Sen ß Z pes 1,825 7,049 1,260 
Nine d 200 
)) CERES ²⁵ↄ ⁵ ( arr a" 1,899 741 1,037 
Philippine 2.2: 2209 aZ eee Ee 1,150 550 
1At i PIE EEE S E ] ⅛ dßdßdßdſ mdr wk... 8 10, 996 7,656 11,969 
TUIKOV. eeh ee iD De 117; b ei 
United Kingdom. nnn 3 „ 
YUFOSIAVIR. d ñ ß s U au G L ELE 1,451 3,277 3,085 
. ³⁰Ü AA OESE Du 17, 838 r 34,757 23,899 


r Revised. 


1 Data are “general” imports; that is, they include mercury imported for immediate consumption plus 
material entering the country under bond. 
2 Less than 14 unit. 


WORLD REVIEW 


Canada.—Canada has had no significant — expected to be over 20,000 flasks per year, 
mercury production in recent years, but or somewhat greater than current U.S. 
Consolidated Mining & Smelting Co. of production. 

Canada Ltd. (COMINCO) expected to Near Gold Bridge, British Columbia, in 
reactivate its Pinchi Lake, British Colum- the Lillooet area, Silverquick Development 
bia, mercury property by January 1969. Co. (B.C.) Ltd. drove a tunnel beneath a 
The mine, near Fort St. James, operated surface-exposed ore body, performed dia- 
during the war years from June 1940 until mond drilling, and planned to construct a 
July 1944 and produced almost 53,000 beneficiation plant and retort. 

flasks of mercury. New installations will Two mercury-cell chlorine plants, one at 
include an 800-ton-p --day concentrator Fort William, Ontario, and the other at 
and a mercury-recovery plant; capacity was ` Lebel-sur-Quevillon, Quebec, went on- 
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Table 11.— World production of mercury, by countries 1 


(Flasks) 
Country 1963 1964 1965 1966 1967 p 

Bolivia (export) 105 2 32 52 4 100 
GG s. us se ee hoe md 8 73 (LEE 
Ghee eeh 613 267 428 rg 184 
China, mainland e... 26,000 26,000 26,000 26,000 20,000 
Gelonb ieee. due E rg e 100 
Czechoslovakia ck 725 r 775 r 825 r 87 900 
ld Iy ne to ee ene oe 54,448 57,001 57,320 53,549 48,066 
TT EE 4,668 4,812 4,536 4,846 4,612 
MGCXICO EE r 17,202 r 12,561 r 19,203 r 22,074 23,874 
Perü.. cl ³oAſſ 869 3,092 3,275 3,117 r 8,166 2, 980 
Philippines.______ 042 2,651 2, 496 2,384 r 2,443 2,612 
Rumania... ³ðV.0y f 8 194 194 191 r 190 190 
S ĩõĩ]70EWwWWĩ u y buna uma 56, 954 78,3822 r 74, 661 r 70,054 e 50, 000 
TuniBlB. s. i ³ y ĩ esas r 87 174 254 e 250 
/ Hee eek 8575 8,042 2,615 2,755 r 8,420 e 8,500 
United States 19,117 14,142 19,582 22, 008 23 , 784 
UL SIS EE 35,000 35,000 40,000 40,000 45,000 
Yugoslavia.. ----------------------------- 15,838 17,318 16,419 15,896 15,890 

%%//ͤĩõĩ?Üö⁵Eù dw sun oe e ee u s aan 239,652 254,973 267, 718 264,959 242,042 

e Estimate. p Preliminary. r Revise NA Not available. 


! Compiled mostly from data available Abri 1968. 
2 Purchases by Banco Minero. 


2 Total of listed figures only; no undisclosed data included. 


stream. Another plant of this type was 
being constructed at Saskatoon, Saskatche- 
wan. 


Italy—In the Monte Amiata area, 
which accounts for two-thirds of the 
Italian output of mercury, extensive ex- 
ploration programs for new deposits of 
cinnabar (mercury sulfide) were underway. 
During 1966, additional reserves had been 
discovered in the Abbadia area and prom- 
ising deposits in a mining area near Tolfa 
in Rome province. Societa Mercurifera 
Italiana of Grosseto, a subsidiary of Monte- 
catini-Edison, planned to acquire Societa 
Mineraria Rimbotti S.p.A., a mercury min- 
ing and distilling company near Monte 
Amiata. 


Mexico.—Mexican mercury production 
in 1967 was reported as 23,874 flasks, about 
8 percent more than the revised figure of 
22,074 flasks produced in 1966. Earlier dis- 
crepancies between excesses of exports over 
production, reported in 1963—65, were be- 
lieved due to legitimate exporters shipping 
out mercury bought from gambusinos 
(prospectors) who did not report output 
from their small deposits, thereby avoiding 
high production taxes and Governmental 
regulations. 

The Government planned to reduce 
production and export taxes, which totaled 
over $75 per flask in 1967, by 50 percent. 
This factor, instituted in the 1968 Federal 
budget, and an agreement between the 


Table 12.—Italy: Exports of 
mercury by countries 


(Flasks) 

Destination 1966 1967 
Australia 20 
e fete 249 ee 
Czechoslovakia 200 — ...... 
France... cnt 1,769 1,300 
Germany 

TT EE 2,425 2,501 
WOeBt. 5 W vec nudo 5,581 8,701 
Indi8 a coe 44 3,124 
Israel EE 21 „ 
Japa- l l. Du 8 4,778 5,834 
Netherlands ` 554 
Poland ed NEE 1,009 . ...... 
Rumania 499 . ...... 
Sweden 360 
United Kingdom 9,886 8,789 
United States 16,561 8,789 
Other countries r 688 2,889 
Pet!!! 2 u 45,427 36 , 927 
r Revised. 


Government of Mexico and the exporters 
to identify the individual sellers, were 
expected to lead to a cessation of smug- 
gling and the reporting of more reliable 
production data. 


Philippines.—Philippine mercury pro- 
duction was expected to be increased to 
3,300 flasks annually with the installation 
of a fourth furnace at Palawan Quicksilver 
Mines, Inc. Reserves here were calculated 
at over 900,000 tons of ore averaging 2.61 
pounds of mercury per ton or about 31,000 


128 


flasks, enough for over 9 years’ production 
at current capacity. Beneficiation methods, 


for large additional resources of lower 
grade ore, were evaluated. 
Spain. — Production dropped  signifi- 


cantly at the Almaden mine, the largest 
mercury deposit and producer in the 
world. À comprehensive article described 
the geology, petrology, morphology of the 
mineralized body, the plant, types of ex- 
tractive equipment, and number of person- 
nel employed. Compared with other mer- 
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cury ores which are generally about 1 per- 
cent, Almaden ore usually runs about 5 
percent mercury. The mine was believed 
to have reserves for 100 years. Explora- 
tion was conducted on three mineralized 
veins to below 450 meters depth.? It was 
believed that cinnabar was emplaced be- 
fore the quartz grains of the enclosing 
quartzite were silicified. This supposedly 
suggests a genetic relationship between 
mercury mineralization and the Gothlandic 
volcanism of upper Silurian time.“ 


Table 13.—Spain and Yugoslavia: Exports of mercury, by countries ! 


(Flasks) 
Exporting countries 
Destination Spain Yugoslavia 
1965 1966 1965 1966 

Australia. o ee 369 10 % oü ⁊ ee 
AA ³Ü¹A1AAA oe 1,078 145 211 53 
Belgium-Luxembourg. ...................- 1,895 529 160 |  ........ 
Canada; . ele iu es ee 3,208 1,551 145 — i 
Czechoslovakia... PS 300 2,927 290 __ . 
Frane aL 6,854 2.928. “heats ë eb 

Germany 
|) "PT 1,401 en 0 ERN 
JJ arana aa a E 3,608 11,822 290 2,375 
C oo ² ͤ rin v. eer 200 1399... usu 
IndiB- o ³⁰Ü¹ſſ 2 2 mm ³ 8 3, 046 23888 848 
Ee ees / St: Shee 
) ͤ v E 12, 295 ER H SEENEN 
Netherlands 4, 766 2, 527 1 72 
Poland. ͥAͥd² ÄO A A le simu SL: 280 1,426 1.160. 222222- 
PC ³o»¹wwmA = us UT usu 239 T ͤ E 
South Africa, Republic of_____ „ 50 hh Haranen 
hn EE 701 1,431 850 142 
Switzerland... eee 248 565 2,161 J| | ....... 
United Kingdom ----------------------- 9,849 6,675 300 2,301 
United States 14,372 7,856 5,251 6,115 
US Se EE 3,191 2,900 
Other countries r 27 286 12 10 
OUR na iter T 64,781 52, 629 13, 803 14,316 

r Revised. 


1 This table incorporates some revisions. 


Turkey.—In Sizma near Konya, a 
rotating kiln, of 175-ton-per-day ore 
Capacity, was being installed to treat ores 
averaging 0.5 percent mercury (about 10 
pounds per ton). When completed this 
will add 750 flasks to the annual produc- 
tion capacity. 


Yugoslavia.— The Suplja Stena area, near 
Belgrade, was the site of a new mercury 
development. The ore is derived from the 
local Avala deposits. Over a period of 4 
years, production was expected to average 
150 tons (nearly 4,000 flasks) annually, 


before the ore grade dwindles below an 
economic level. After that time, other 
deposits in areas such as Ripanj, Topla, 
Cer, Cevljanovic, Mali Zvornik, and 
Bosanski Novi would be available for min- 
ing and processing. 


3 Zucchetti, Stefano. Osservazioni sul giaci- 
mento mercurifero di Almadén in Spagna (Ob- 
servations on the Almaden Mercury Deposit, 
Spain). L'Industria Mineraria, Ser. II, v. 17, No. 
12, December 1966, pp. 529—537 (in Italian). 

4Saupe, Francis. Note préliminaire concern- 
ant la genése du gisement de mercure d'Almadén 
(Preliminary Note Concerning the Genesis of the 
Almaden Mercury Deposit). Mineralium Deposita 
(Berlin), v. 2, No. 1, June 1967, pp. 26-33. 
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TECHNOLOGY 


Efforts to discover new mercury deposits 
in difficult terrain are being facilitated sub- 
stantialy by improved methods of geo- 
chemical prospecting. In one technique 
using a mercury vapor detector, a small 
sample of crushed rock is heated to about 
500 ° C, thereby driving off mercury vapor 
and other volatile materials. Any contam- 
inants pass through a thermoamalgamator 
but the mercury vapor amalgamates with 
silver. It is subsequently released from the 
amalgam into an absorption chamber 
where it is' measured quantitatively. In a 
1-minute analytical period, the device can 
detect as low as one part per billion 
mercury in a l-gram sample.* In another 
instance, a mercury-vapor meter was used 
to investigate primary and secondary dis- 
persion from cinnabar and stibnite deposits 
in Turkey.“ Using geochemical methods, 
researchers stated that mercury mineraliza- 
tion could be expected in the vicinity of 
certain plants, the ashes of which contain 
more than 10 parts per million mercury.’ 


The mercury consumption pattern in the 


chlorine and caustic soda industry could be 
affected by technological innovations in 
equipment. Improvements in mercury-cell 
construction have led to high cell per- 
formance. In cases where rayon- grade 
NaOH is produced along with chlorine in 
electrolytic chlor-caustic plants, capital 
costs for mercury-cell plants were said not 
to differ much írom plants using dia- 
phragms. In the last 2 years mercury in- 
ventory for cells of specified capacity has 
dropped nearly 40 percent. Characteristics, 


including mercury inventory ratings and 
cell voltages, of 14 mercury cells used by 
the industry were described. Cells have 
been developed up to 330,000 amperes 
capacity. This was believed to be the maxi- 
mum size of cell which would receive 
commercial acceptance in any new plants 
of present-day size.“ 

Two new cells were designed to ensure 
the more rapid flow of mercury in process- 
ing and the lowering of mercury require- 
ments. One makes mercury flow evenly and. 
thinly by centrifugal force from the center 
of a horizontal rotating cathode disk to- 
ward the circumference? In the second 
cell, the design of the cell body is such 
that the mercury can electrolyze on both 
directions of flow. In addition, a steeply 
inclined bottom plate accelerates the mer- 
cury flow rate.!? 


5 Vaughn, W. W. A Simple Mercury Vapor 


Detector for Geochemical Prospecting. Geol. Sur- 
vey Circ. 540, 1967, 8 pp. 

€ Koksoy, M., P. M. D. Bradshaw, and J. S. 
Tooms. Determination of Mercury in Geological 
Samples. Trans. Inst. Min. and Met. (London), 
v. 76, No. 726, sec. B, May 1967, pp B121-B124. 

7 Warren, Harry V., Robert E. Delavault, and 
John Barakso. Some Observations on the Geo- 
chemistry of Mercury as Applied to Prospecting. 
Econ. Geol, v. 61, No. 6, September-October 
1966, pp. 1010—1028. 

8 Sommers, Howard A. The Design of Large 
Mercury Cells. Electrochem. Technol., v. 5, Nos. 
3-4, March-April 1967, pp. 108-124. 

9 Murozumi, Masahiko. A New Type of Mer- 
cury Chlorine Cell (Asahi Horizontal Rotating 
Cathode Cell). Electrochem. Technol., v. 5, Nos. 
0-6, May-June 1967, pp. 236-238. 

10 Shibata, Hiroshi, and Yasuo Yamazaki. The 
Flow of Mercury in the Kureha HD-Type Cell. 
Electrochem. Technol., v. 5, Nos. 5-6, May-June, 
1967, pp. 239-241. 
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Mica 


By Benjamin Petkof * 


The sale or use of domestically produced 
sheet mica has remained greatly below the 
output recorded in the years prior to 1966. 
No great significance can be attached to 
the increased production recorded in 1967. 
Scrap and flake mica production increased 


almost 5 percent over that of the previous 
year. Almost all classes of mica imports 
showed significant decreases in quantity. 
Total exports of all classes of mica in- 
creased. 


Table 1.—Salient mica statistics 


1963 1964 1965 1966 1967 
United States: 
Sold or used by producers: 
Sheet mica...... thousand pounds 103 243 716 4 20 
Valüé.. ------------- thousands $13 $58 $185 $1 W 
Scrap and flake mica 
thousand short tons. . 109 115 120 118 119 
Value__ en beets thousands.. $2,776 $3,353 $3,468 $3,732 32, 876 
Ground mica. . thousand short tons 117 116 127 108 97 
Value thousands.. $6,805 $6,902 37,615 36,247 35, 756 
e block and film 
thousand pounds 2,293 2,618 2,659 2,818 1,972 
Valde ucc Se thousands.. $2,782 $3,002 $3,188 $3,642 $2 , 757 
Consumption, splittings 
thousand pounds 6,687 7,608 8,260 7,100 6,188 
CFC thousands $2,588 $3,149 $3,701 $3,221 $2,759 
aporta 5 thousand short tons 4 5 4 6 7 
mports for consumption do 13 8 9 7 8 
World roduction.......... thousand pounds 315, 907 322, 995 345, 759 319,943 NA 


NA Not Available. 


W Withheld to avoid disclosing individual company confidential data. 


DOMESTIC PRODUCTION 


Sheet Mica.—Only a small quantity of 
uncut mica larger than punch and circle 
was produced during 1967. North Carolina 
and New Hampshire were the only pro- 
ducing States. 

Scrap and Flake Mica.—The output of 
scrap and flake mica increased in quantity 
but declined 23 percent in value. North 
Carolina was the major producing State 
supplying 59 percent of domestic produc- 
tion. Nine States produced the remaining 
mica. 


Ground Mica.—Sales of ground mica 
fell below 100,000 short tons for the first 
time since 1961. A decline of 6 percent in 
quantity and 8 percent in value was ob- 
served. Dry ground mica accounted for 85 
percent of total production. Reports were 
received from 20 grinders operating 17 dry 
and three wet grinding plants in 11 States. 


1 Commodity specialist, Division of Mineral 
Studies. 
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Table 2.—Mica sold or used by producers in the United States 


Sheet mica 


Uncut punch and 


Year and State circle mica 


Uncut mica 
larger than 
punch and circle 


Total sheet mica Scrap and flake mica ! 


Pounds Value Pounds Value Pounds Value Short tons Value 
1968... : ¿usha loo. 97,828 $9,206 5,133 33,698 102,961 $12,904 109,323 $2,776,381 
19064... th ee heute be 220,586 37,698 22,076 20,788 242,662 58,481 114,729 3,352,572 
r. / ee 670,506 189,844 45,580 45,142 716,086 184,986 120,255 3,467,701 
.. 2t 4,500 905 ...... .....- 4, 905 113,133 3,732,242 
1967: m si 
Le A EE EE 17,158 290,738 
New Hampshire 16,000 W 16,000 NN; A mre 
North Carolina. „500 W 4, 500 Ww 69,639 1,750.939 
/) eld usc Use cd) due Rl Ard “ieee, IARE 2! ? 81,706 884,472 
M/ uuu eke 20,500 W 20,500 118,503 2, 876,149 


W Withheld to avoid disclosing individual company confidential data. 
1 Includes finely divided mica recovered from mica and sericite schist, and mica that is a byproduct of feldspar 


and kaolin beneficiation. 


2 Alabama, Arizona, California, Colorado, Connecticut, New Mexico, Pennsylvania, South Carolina, and 


South Dakota. 


Table 3.—Ground mica sold by producers in the United States by methods of grinding ! 


Dry-ground Wet-ground Total 
Year Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 
1960... EE 101 , 943 $4,596 15,308 $2,209 117.251 $6,805 
KI asthe ee S ,24 4,897 16,725 2,505 115,970 6,902 
1900 22 ⅛è 110,600 5,316 15,997 2,299 126,597 7,615 
,ö§ÜöÄÜGr vy 8 87,361 4,110 16,089 2,137 103 , 450 6,247 
11 oe eee he ard 82,849 3,842 14, 204 1,915 97,058 5,756 


1 Domestic and some imported scrap. 


CONSUMPTION AND USES 


Sheet Mica.—The consumption of sheet 
mica consisting of block, film, and split- 
tings, reached 8.2 million pounds, a de- 
crease of 17 percent from 1966 consump- 
tion. 

About 1.9 million pounds of muscovite 
block and film was consumed by industry 
for end uses. About 71 percent was con- 
sumed by electronic and electrical uses; the 
manufacture of vacuum tubes alone re- 
quiring 56 percent of the total consump- 
tion of mica block and film. Of the mate- 
rial consumed 3 percent was classified as 
Good Stained or better, 45 percent Stained, 
and 52 percent lower than Stained. Musco- 
vite block and film was used during the 
year by 16 companies in nine States. New 
Jersey had 4 consuming plants during the 
year; North Carolina 3; New York 3; Mas- 
sachusetts 1 and Pennsylvania 1. These 
States consumed 76 percent of the do- 
mestically fabricated block and film mica. 


The consumption of phlogopite block in- 
creased 48 percent. 

Total consumption of mica splittings de- 
creased 13 percent from that of 1966. India 
and the Malagasy Republic supplied the 
bulk of the splittings. Splittings were fab- 
ricated by 12 companies in nine States. Six 
plants, two in New York, two in Pennsyl- 
vania, and one each in New Hampshire 
and Massachusetts, consumed 4.7 million 
pounds of splittings, or about 80 percent 
of the total. 


Built- Up Mica.—Fabricators prepared 
this variety of manufactured mica in 
various forms primarily for use as an elec- 
trical insulating material. Tape was the 
form in greatest demand (33 percent) 
followed closely by segment plate (27 per- 
cent) and molding plate (19 percent). 
Consumption of built-up mica decreased 
slightly from the quantity used in 1966. 


MICA 7 33 


Reconstituted Mica.— General Electric delaminated mica scrap by papermaking 
Co. at Schenectady, N. V., and Samica Corp. techniques. This sheet material continued 
(subsidiary of Minnesota Mining & Manu- to displace built-up mica in various appli- 
facturing Co.) at Rutland, Vt., continued cations. 
to fabricate this material from specially 


Table 4.—Fabrication of muscovite ruby and nonruby block and film mica and phlogopite 
block mica, by qualities and end-product uses in the United States in 1967 


(Pounds) 
Electronic uses Nonelectronic uses 
Variety, form, and Gage 
quality Capaci- glass Grand 
tors Tubes Other Total and Other Total total 
ia- 
phragms 
Muscovite: 
Block: 
Good Stained or 
better 940 10,344 2,155 13,439 5,641 46 5 , 687 19,126 
Stained......... 47,783 774,072 6,822 828,677 2,119 5,584 7,708 886,380 
Lower than 
Stained I 154,286 264,328 31,266 449, 830 19,874 509,156 529,030 978,860 
Total 202,959 1,048,744 40, 243 1,291,946 27,684 514,786 542, 420 1,834,366 
Film: 
First quality..... 6,788 __ / ( _. 6 IRR. ge, K 6,788 
Second quality... 37,453 2222222- _ %% VA 37,453 
Other quality.... 3,050 hh y A vm 3,050 
Total 4T 991 eke ees odana AT 2091. 2-22 AAA 47,291 
Block and film: _ 
Good Stained or 
better 2. 45,181 10,344 2,155 57,680 5,641 46 5, 687 63,367 
Stained ` 50,833 774,072 6,822 831,727 2,119 5, 584 7,708 839, 430 
Lower than 
Stained 154,236 264,328 31,266 449,830 19,874 509,156 529,030 978,860 
Total 250, 250 1,048,744 40, 243 1,339,237 27,634 514,786 542,420 1,881,657 
Phlogopite: Block (all 
qualities 4, 400 4,400 ...... 85,759 85,759 90,159 


1 Includes punch mica. 
2 Includes first- and second-quality film. 
3 Includes other-quality film. 
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Table 5.—Fabrication of muscovite ruby and nonruby block and film mica in 


the United States in 1967 by qualities and grades 


Total 


963,110 
1,779,464 


9,824 
29,328 
15,750 


54,902 


4,088 
35,803 
8,050 


42,941 


(Pounds) 
Grade 
Form, variety, and quality No. 4 
and No. 5 No. 53 No. 6 Other 1 
larger 
Block: 
Ruby: 

Good Stained or better 3,718 1,491 575 3,468 ....... 
Stained BEE 18,214 42,511 103,981 594,685 47,711 
Lower than Stained 92,856 125,192 51,627 356,874 336,561 
Total; EE 114,848 169,194 156,133 955,022 384,272 

Nonruby: 
Good Stained or better 2,563 180 4,181 2,900 ....... 
Stained 506 1, 638 4,410 22,774 
Lower than Stained... ............ 8,600 650 900 4,000 1,600 
J;ö§Ü˙1¹ 8 11,669 2,468 9,491 29,674 1,600 

m: Dco 
Ruby: 

First qualitů 1,188 650 850 1,400 ....... 
Second quality ....... ...........- 17,431 10,082 5,190 8,100 ....... 
Other quality O eem cee! (keke. ` E eege 3,050 
öÄX12[ͤ5601ã ĩ ði U ⁵²md 18,619 10,782 6, 040 4, 500 3,050 

Nonruby: 


First quality 


Second quality___ ------- ------- 1,650 ....... ......- 
Other quality u o 5:952. meque. y ß RII e Rid e 
TOUR rcli ct once 3,150 1,200 ....... 


1 Figures for block mica include all smaller than No. 6 grade and punch“ mica. 


Table 6.—Consumption and stocks of mica splittings in the United States, by sources 


(Thousand pounds and thousand dollars) 


Indian Malagasy Total 
Quantity Value Quantity Value Quantity 
Consumption: 
1963 A" 6,406 $2,413 281 $175 6,687 
1964... t ho nemore 1,26 ,949 347 200 7,608 
J965 7. ee ee we 7,948 3,513 312 188 8,260 
1966.5. ee 6,749 8,005 351 216 7,100 
BOG GEES 5,857 2,566 331 193 6,188 
Stocks Dec. 31: 
IJ 2, 908 NA 172 NA 3, 080 
1904. — — —— m Ps 8,523 NA 245 NA 8,768 
1965: 2. Le oer Dre 9,912 NA 210 NA 4,122 
! 8,669 NA 206 NA 8,875 
i. 8 2, 737 NA 159 NA 2,896 


NA Not available. 


Value 


MICA 


Table 7,—Built-up mica 1 sold or used in 
the United States, by products 


(Thousand pounds and thousand dollars) 


1966 1967 

Product 

Quan- Value Quan- Value 
tity tity 

Molding plate . 1,144 $3,315 994 $2,940 
Segment plate.... 1,607 3,518 1,442 „039 
Heater plate 444 1, 273 332 1,002 
Flexible (cold).... 814 1,961 594 1,270 
Eege „384 5,063 1,740 6,082 
ot C 187 60 234 716 
Total...... 5,680 15,731 65,336 14,999 


1 Consists of alternate layers of binder and irregu- 
larly arranged and partly overlapped splittings. 
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Table 8.—Ground mica sold by producers 
in the United States, by uses 


1966 1967 

Use Short Value Short Value 
tons (thou- tons  (thou- 
sands) sands) 
Roofing......... 26,211 $887 27,161 $920 
Wallpaper W WwW W 
Rubber 7, 356 770 6, 196 676 
Paint 17,192 1,558 22,874 1, 976 

Plastics......... 927 128 908 12 
Welding rods _ 799 89 525 25 
Joint cement. 24,860 1,604 17,063 945 


Other uses 1. 26,105 1,261 22,831 1,089 


Total ?... 108,450 6,247 297,058 5,756 


W Withheld to avoid disclosing individual com- 

pany confidential data; included with “Other uses.” 
1 Includes mica used for molded electric insulation, 

house insulation, Christmas tree snow, annealing, 
well drilling, other purposes and uses indicated by 
sym 

3 Data may not add to totals shown because of 
independent rounding. 


PRICES 


Prices offered by mica fabricators for 
domestic clear sheet mica (roughly trim- 
med) as reported in Metals Week ranged 
from 7 to 12 cents per pound for the 
smallest size (punch) to $4 to $8 per 
pound for 6- by 8-inch sheets. Stained or 
electric mica was quoted 10 to 20 percent 
lower. 

North Carolina scrap mica was quoted 
in Metal Week at $30 to $40 per short 
ton, depending on quality. 

Prices listed for dry and wet ground 
mica changed in June 1966, the first 
change since June 1956. 


Table 9.—Price of dry- or wet-ground mica 
in the United States in 1966 ! 


Cents 
per 
poun 
Dry- 
Paint, 100 ehr -20-0 8X 
Plastic, 100 meg 894 
Rocfing, 20 to 80 meg 2-8 
We s: 
(EE 7 
Biotite, less than carlots 929)w) 8 
Paint or lacquer, 325 meebh ---- 
Paint or lacquer, 325 mesh, less than 
CAMOUN EH 
Rubber... 22222 29cm ec tess Sued 8 
Rubber, less than carlots ....-..---- 9 
Wallpaper................-.....-... 9 
1 In bags at works, carlots, unless otherwise noted. 


? Freight allowed east of the Mississi 
cent higher west of the Mississippi 
higher west of the Rockies. 

3 Ex-warehouse or freight allowed east of the Mis- 
sissippi River. 

Source: Oil, Paint and Drug Reporter. 


i River, 1⁄4 
ver, 1 cent 


FOREIGN TRADE 


Total exports of all classes of mica in- 
creased 31 percent in quantity over those 
of 1966, but decreased slightly in value. 
Exports consisted primarily of ground 
mica. 


Almost all classes of mica imports for 
consumption showed a decline from the 
quantities imported in 1966. Total imports 
decreased 39 percent in quantity and 50 
percent in value. 
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Table 10.—U.S. exports of mica and manufactures of mica, 1967 by countries 
Mica, including sheet, 
waste and scrap Manufactured 
and ground 
Destination — — — o — — 

Value Value 
Pounds (thüu- Pounds (thou- 
sands) sands) 
Argentina... _ LLL LLL Lc L2 22 LL 22222 222222222. 10,600 $1 11,319 $24 
Aer y a 53, 150 5 9, 545 31 
Belgium- Luxembourg . 322, 100 25 1,285 11 
Brasil ⁵ͤÄ³ ³ ↄWMAſſ ĩ ð y ĩ y 8 21,079 66 
Canada. EH 2,176,533 213 233, 562 872 
Chil... ͤ': ie Se ee tm y ð v OURE 6,217 11 
Colombia y wet cuu: 372,178 40 816 6 
CUR EE 95,950 C tees 
Fi EES 19,365 20 
KIBhÓB. ENER 499,401 30 10,583 21 
Germany, We 149,848 22 9,672 19 
Iceland... ⁰ͥꝑqm w . 88 8, 800 | ET 
Ind]... o ũę ff ¾˙ —˙ à˙—ĩ¾ ¼˙ ß c tA md. a irure 2,416 25 
7 ·³ꝙDſſſſſ ĩ¾ . ͤ ee E 291, 400 DAS cuum ates 
IdSrRel. 25: uum omae up iM 10,000 1 90 1 
(TT EE 160,000 6 13,217 78 
CTT TEE 15,853 2 15,721 22 
Japan EEN 2,537,512 74 2,731 13 
EI WEE 881,800 25 8 1 
A uu ee ß ß muu aus om 381,342 26 32,368 130 
Moroec ooo 12, 884 „% ͤ A 
Nethelnnnsdgdgſdgee. LEE 208 , 750 10 1,406 13 
ew Zealand. ee 8,000 (1) 1,216 15 
Nigerin o... oo ĩ0öd e ˙ . E E MIELE 122, 000 C 
e KT, n... ³ h ⁰⁰ʒtwt 8 28,312 1 198 2 
OPN a i ee et Ee 313,950 21 6,907 12 
Philippines 84, 956 9 468 6 
South Africa, Republic of Ee 59,861 3 22,321 66 
TK EE EE 44,000 1 11,223 31 
TE, TEE eee ewe eens 19,800 2 34, 622 42 
Switzerland... 24,727 12 36 1 
Taiwan EENEG 12,710 13 27,805 71 
Trinidad and Tobago 104,539 10 12 (2) 
duc. ETT EE 22, 000 1 616 4 
Uni King donn 3,757, 402 102 5,259 37 
Venezuela. _ eee ee 1,846,047 68 9.043 42 
Other countries 165,124 17 15,156 60 
%% ͥ Sete ͤ eL Lu 14,301,524 781 526,690 1,753 


1 Less than 1⁄4 unit. 


Table 11.—U.S. exports and imports of mica 


(Thousand pounds and thousand dollars) 


Imports for consumption 


Exports 


Uncut sheet and Scrap — Manufactured All classes 
Year punch 
Quantity Value Quantity Value Quantity Value Quantity Value 
LE 2,116 $2,142 3,043 $71 9,942 736,371 8,326 $2,223 
19066... 22 oe 8,247 3,993 2,642 71 7,535 6,670 11,348 2,541 
1987. . 8 1,733 1,990 1,016 25 5,440 3,373 14,829 2, 534 
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WORLD REVIEW 


India.—Total exports of all varieties of 
mica declined from 73 million pounds in 
1966 to 46 million pounds in 1967. This 
may possibly reflect the world’s increasing 
technological independence of this mate- 
rial. 

During 1965-66 mica was produced in 


700 mines in six Indian States. However, 
major production originated from Bihar, 
Rajasthan, and Andhra Pradesh. India also 
consumed mica domestically for the pro- 
duction of items such as micanite from 
waste mica, and sheet mica for electronic 
and electrical items.“ 


Table 14.—World production of mica by countries 1 2 
(Thousand pounds) 


Country 1963 
North America: 
Canada 3 
Block —— ²³ a muecter mcs 16 
Gromd EE AAA 814 
SergD-.... ... A aana 853 
/ ³˖o m eaim urn r 578 
United States (sold or used by pro- 
ucers): 
NCCE // Se E ae 10 
LEE 218,646 
South America: 
Argentina: 
Sheet — nc 2 eU e dec 196 
Waste and splitting ss PT 
e m eue 3,289 
Guatemala____ . nnu 
Europe: 

Ane... ee ewes 881 
Germany, West 11 
Norway, including eran... e 6,610 
Sweden (ground). .................- 44 
Yugoslavia. .......... 2... 2.2... .- 77 

Africa: 
m Republic (phlogopite): $i 
Spies JJC ͤ ͤ (Ä 1,914 
Mozambique, including scrap. ....... ........ 
Rhodesia, Southern: 
Block... oom es 60 
Lë a 225 
South ae, Republic of: ia 
Seas DEE 4,680 
South-West Africa, Territory of 1,197 
Tanzania (exports): 
S EE 236 
SH fꝑf] Lec ve 
Zambia, sheet Tawana tate 8 
Asia: 
maa = orts): 
oak EEN 8,979 
Seius JJ RUD 15,595 
Sb E ce 55,547 
Oceania: Australia: Damourite. ` 1,102 
Totalt e sd ĩ⅛⁰g te eui r 315,907 
e Estimate. P Preliminary. sed. 


1964 1965 1966 1967 » 
89 13 r 4 NA 
616 298 r 340 NA 
494 236 r 201 NA 
r 670 r 1,204 878 NA 
248 716 r4 20 
229,458 240,510 226,263 118, 503 
315 231 er 990 NA 
1,178 260 e 260 NA 
8,241 8,089 r 2.244 NA 
5 22 $T. ccu 
646 430 e 440 NA 
18 26 e 25 NA 
8,818 6,614 e 6,610 NA 
Morc e E NA 
26 119 er 120 e 120 
205 201 141 119 
1,299 1,186 1,440 1,074 
EE NA NA 
15 64 NA NA 
157 181 NA NA 
104 3) 

6,764 5,000 r 4,927 10,181 

831 260 55 N 
211 227 194 201 
324 870 880 278 
4 9 NK 
4,264 8,179 8,662 8,543 
19,378 20,781 14,138 12,185 
42,256 58,781 54,901 80,951 
1,270 r1,728 r 1,193 NA 
r 322,995 r 345,759 r 319,948 NA 


NA Not available. 


! Mica is also produced in China na ag. Rumania, and U.S.S.R., but data on production are not 


available. 
2 Compiled mostly from data available May 1968. 
3 Legs than Le unit. 


Includes condenser film as follows: 1963, 234,000 pounds; 1964, 198,000 pounds; 1965, 176,000 pounds; 


1966, 212,000 pounds; 1967, 203,000 pounds. 


s Total is of listed figures only; no undisclosed data included. 


Rhodesia, Southern.—Commercial mica 
deposits are almost completely confined to 
the Urungwe and Darwin districts in the 
northern part of the country. Mica is 
found on the margins of pegmatite dikes 
along with other associated minerals. Mica 
is mined in open pits and some deposits 


have been followed underground for a few 
hundred feet.? 


2 Bureau of Mines. Mineral Trade Notes. v. 
65, No. 4, April 1968, pp. 25-29. 
3U.S. Consul, Salisbury, Southern Rhodesia. 
TAY Department Airgram A-211, Apr. 26, 
» P. 2. 
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Tanzania.—Production of sheet mica 
decreased 16 percent in 1966 compared 
with that of 1965. Waste mica, however, 
increased 137 percent in both production 
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and exports. Mica production decreased 
during 1967 because of a long rainy season 
and the need for farming to take prece- 
dence over mining in some localities.* 


TECHNOLOGY 


A short paper was published discussing 
the use and manufacture of wet-ground 
mica.? 

The various micas found in the pegma- 


4 Bureau of Mines. Mineral Trade Notes. v. 
65, No. 1, January 1968, p. 22-23. 

5 Skillings’ Mining Review. Tanzania's 
Mineral Industry. v. 56, No. 37, Sept. 16, 
1967, p. 19 


$ Clarkson, Elizabeth. The Wet Ground Mica 


tites of Gunnison County, Colo., were de- 
scribed. A chemical and paragenitic study 
of these micas was described and their 
origin discussed.’ 


Industry. Am. Paint J. v. 51, No. 38, Mar. 
18, 1967, pp. 100, 102. 

7 Heinrich, William E. Micas of the Brown 
Derby Pegmatites, Gunnison County, Colorado. 
Am. Miner. v. 52, Nos. 7 & 8, July-August 
1967, pp. 1110-1121. 


Molybdenum 


By John L. 


The molybdenum short supply situation 
of the past few years reversed itself to one 
of over supply in 1967, despite reduced 
output of byproduct molybdenum from the 
copper industry, caused by labor problems. 
A high production level and reduced 
demand helped to increase the industrial 
inventory to 27 million pounds. Free world 
production capacity continued to increase 
with the startup of two new molybdenum 


Morning ' 


mines and concentrators, the installation of 
molybdenum recovery systems by several 
copper producers, and expansion of 
facilities by other producers. Substantial 
increased production capacity in the next 
3 to 5 years is expected from domestic, 
Chilean, and Canadian mines that will 
recover molybdenum as a byproduct from 
copper operations. 


Table 1.—Salient molybdenum statistics 


(Thousand pounds of contained molybdenum and thousand dollars) 


1963 1964 1965 1966 1967 
United States: 
Concentrate: 
Production....................... 65,011 65,605 77,372 90,532 88,930 
Shipment. 65, 839 65,097 71,310 91,670 81,596 
NV GING o oou ß DU $91,096 $97,121 $120,801 $144,327 $133,604 
Consumption 49,241 56,409 68,112 75, 476 58, 967 
Imports for consumption- nnn  ------- 142 5 1.179 
Stocks, Dec. 31: Mine and plant 2,436 4,303 4,208 8,4933 9,919 
Primary products: 
Production... ................... 48, 756 55, 946 66, 616 74,392 54,922 
Shipment „59 60, 403 71,718 78,811 57,231 
Consumption 37,478 43,119 48,621 52,324 49,506 
Stocks, Dec. 31: Producers.......... 4,504 4,398 3,839 ; 1 
Free world: Production... .................. 75,055 71,829 98,460 124,967 


5, 945 7,156 
125,363 


Legislation and Government Programs.— 
Government stockpile disposal programs 
during the past few years helped to 
terminate the worldwide short supply 
situation in mid-1966. Over the past 5 
years about 27 million pounds of molyb- 
denum has been sold by the General 
Services Administration (GSA). 

In March 1966, the Office of Emergency 
Planning (OEP) revised the national 
molybdenum stockpile objective to 55 mil- 
lion pounds of molybdenum in concentrate. 
This was followed by Congressional action 
and on May 6 the President signed a bill 
(Public Law 89-413) authorizing the 
disposal of 14 million pounds of molyb- 
denum. In January 1967, OEP further 
reduced the objective to 40 million pounds 


of molybdenum and on November 24, 
1967, the President signed Public Law 90— 
151 authorizing the disposal of an addi- 
tional 15 million pounds of molybdenum. 

At yearend under the Public Law 89- 
413 authorization, 2.9 million pounds of 
molybdenum was available to consumers 
and under the program of Public Law 90— 
151, 14.4 million pounds. During 1967, 
sales of molybdenum under both programs 
totaled about 2.8 million pounds. This 
compares with 8.9 million pounds sold 
during 1966. Most of the 1966 and 1967 
stockpile sales were used to reinforce con- 
sumer stocks. 

Early in 1967, OEP announced that 


1 Commodity specialist, Division of Mineral 
Studies. 
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there was no nuclear stockpile objective for 
molybdenum. 

American Metal Climax, Inc., delivered 
about 1 million pounds of molybdenum 
contained in ferromolybdenum to the gov- 
ernment stockpile under a contract to up- 
grade stockpile molybdenum concentrate 
to grade B ferromolybdenum. The original 
contract for 3,475,000 pounds of molyb- 
denum was extended into the first quarter 
of 1968 for completion, owing to a work 
stoppage at Climax Molybdenum Co.’s 
Langeloth plant. An additional 512,138 
pounds of molybdenum due under the 
contract will complete the ferromolyb- 
denum subobjective of the molybdenum 
stockpile program. 
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Table 2.—Molybdenum material in 
government inventories on December 
31, 1967 


(Thousand pounds molybdenum) 


š National 

Stockpile ; 
Type „ (strategic) 
E objective stockpile 
Concentrate 21,250 137,415 
Ferromolybdenum 7, 500 6, 988 
Molybdic oxide 10, 000 12,977 
Total... ` 2 38,750 57,380 


1 Includes 584,325 pounds reserved for upgrading. 
2 Equivalent to 40 million pounds of molybdenum 
in concentrate. 


DOMESTIC PRODUCTION 


The domestic molybdenum industry 
produced at near the record high level of 
1966 despite labor problems in the copper 
industry during the second half of the 
year that limited recovery of molybdenum 
from copper ores. For the first 6 months 
of 1967, the industry operated at a 100- 
million-pound annual rate, thereby easing 
the supply situation for the balance of the 
year. 

Molybdenum was recovered from ore 
mined mainly for its molybdenum content 
in Colorado and New Mexico; from 
molybdenum-bearing copper ores in 
Arizona, Nevada, New Mexico, and Utah; 
from a tungsten ore in California; and 
from uranium- bearing material in New 
Mexico, North Dakota, and South Dakota. 

Domestic production capacity increased 
by about 14 million pounds in 1966 with 
the startup of two new plants and by ex- 
pansions at several byproduct producers. 
Capacity was further augmented in 1967 
with the startup of Climax Molybdenum 
Co.’s Urad mine and the installation of 
molybdenum recovery circuits by the fol- 
lowing Arizona byproduct producers: 
Miami Copper Co. Division, Tennessee 
Corp. (a subsidiary of Cities Service Oil 
Co.), Pima Mining Co.; and Kennecott 
Copper Corp. (Ray mine). Domestic pro- 
duction capacity at yearend was about 110 
million pounds per year. 

According to the annual report of Amer- 
ican Metal Climax, Inc., the Climax mine 
in Lake County, Colo. continued to operate 
at high levels. A record 15.4 million tons 
of ore was mined from which 58 million 
pounds of molybdenum was recovered. 


Production from the oxide plant, completed 
in 1966 (See Technology), contributed to 
the total. Work continued on development 
of the third mining level at the Climax 
mine from which production will be drawn 
in 1971 when the Phillipson level of the 
ore body is depleted. 

Climax’s Urad mine and concentrator, 
near Empire, Colo., was brought into pro- 
duction in September. A total of 325,000 
tons of ore was mined producing 1.5 mil- 
lion pounds of molybdenum. Development 
work on the Henderson project was 
initiated with the first shaft 25 percent 
completed at yearend. After additional 
drilling and reevaluation of the deposit, 
proven and indicated ore reserves were 
estimated to total 303 million tons at a 
grade in place of 0.49 percent molybdenite. 

During its second year of operation, the 
Questa mine of Molybdenum Corporation 
of America produced 9.4 million pounds of 
molybdenum. An extensive development 
drilling campaign significantly added to 
the firm’s ore reserve. 

Duval Corp. produced 4.3 million 
pounds of molybdenum, according to its 
annual report, with increased production 
occurring at its expanded Mineral Park 
facilities. 

Duval’s subsidiary, Duval Sierra Corp., 
entered into a copper production expan- 
sion contract with GSA which provides 
for the development of a large low-grade 
molybdenum-copper deposit adjacent to 
Duval’s Esperanza mine. The concentrator 
was planned for a minimum of 60,000 tons 
daily with molybdenum production 
estimated at 12 million pounds annually. 
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Inspiration Consolidated Copper Co. 
made extensive changes to its molybdenum 
plant and processing procedures to im- 
prove recovery and product quality and 
to reduce operating costs. Labor problems 
shut down operations at the time changes 
were completed. 

Pima Mining Co., Pima, Ariz. expanded 
its concentrating facilities to 30,000 tons 
daily. A molybdenum recovery plant was 
included in the expansion. The concern 


anticipates production of approximately 


900,000 pounds of molybdenum annually. 

American Smelting and Refining Com- 
pany’s Silver Bell mine in Arizona operated 
at full capacity throughout the year, 
whereas the Mission mine in Arizona was 
shut down in July for the balance of the 
year due to labor problems. Expansion of 
Mission’s concentrator to 25,000 tons daily 
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was completed during the first quarter. 
The Anaconda Company's Twin Buttes 
mine and concentrating facilities near 
Tucson, Ariz. was scheduled for production 
by 1970. Although no announcement has 
been made by the company, byproduct 
molybdenum production can be expected 
as nearby mines of Duval Corp., American 
Smelting and Refining Company, and 
Pima Mining Co. recover molybdenum. 
Molybdenum deposits under investiga- 
tion during the year include the Sunrise 
minc near Everett, Wash., by Brenmac 
Mining Co. Ltd., Vancouver, Canada; 
Star Molybdenum mine near Tonasket, 
Wash., by Cambri Mining and Develop- 
ment Co., Vancouver, Canada; and a 


molybdenum- copper deposit near Lincoln, 


Mont., by The Anaconda Company. 


Table 3.—Production, shipments and stocks of molybdenum products in the United States 


(Thousand pounds of contained molybdenum) 


Received from other producers. ...................- 
Gross production during year.....................- 
Used to make other products listed here 
Net produeti cose See 


Shipments: 


Domestic consumers 


Received from other producers 
Gross production during year 
Used to make other products listed bere 
Net production. ---------------------------------- 


Shipments: 


Domestic consumers______......_____----.---- 
EXDOPS.----.-.2 65 cue ⁰⁰ðyd ce E es 


Product 

Molybdic Metal Ammonium 
oxide ! powder molybdate 
1966 1967 1966 1967 1966 1967 
6,057 3,398 133 38 256 218 
68,490 50,891 4,652 2,826 2,660 1,291 
16,730 12,422 1,710 1,186 2,078 739 
51,760 37,969 2,942 


1,190 587 552 


45,493 35,073 2,749 1,537 153 561 
11.315 5,792 2 3 46 249 
56,748 40,865 2,751 1,540 799 810 
2,949 3,211 659 847 229 190 
Product—Continued 
Sodium molybdate Other ? Total 

1966 1967 1966 1967 1966 1967 
65 62 13 35 6,524 8,746 

901 882 18,226 14,401 94,929 69,241 
3 17 21 5 20,537 14,319 

898 815 18,205 14,396 74,392 54,922 
958 780 15,704 12,070 65,597 60,021 

20 25 1,831 1,141 13,214 7,210 

978 805 17,585 13,211 78,811 57,231 

38 110 2,070 3,298 5,945 7,15 


1 Includes molybdic oxide briquets, molybdic acid, and molybdenum trioxide. 


2 Includes ferromolybdenum, calcium molybdate, 


hosphomolybdic acid, molybdenum disulfide, pellets, 


molybdenum pentachloride, and molybdenum hexacarbonyl. 


CONSUMPTION 


Consumption of molybdenum concentrate 
by conversion to technical oxide decreased 
significantly due to labor problems in the 


industry and to a shift in the product mix 
of exports. Since the startup of a roaster 
facility in the Netherlands in 1966, exports 
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of molybdenum concentrate exceed those 
of roasted concentrate (molybdenum 
oxide). 

The major end use category for molyb- 
denum was in the iron and steel industry 
where advantage is taken of unique 
properties molybdenum imparts to various 
iron and steel products. The decline in 
steel production, especially in the output 
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of alloy steels, resulted in reduced demand 
for molybdenum products. 

Other important uses of molybdenum 
were as an additive to nonferrous alloys; 
as pure metal for a material of construc- 
tion; as the purified molybdenum disulfide 
for lubrication applications; and in the 
form of chemical compounds for pigments 
and catalysts. 


Table 4.—Consumption of molybdenum products by end uses, in 1967 


(Thousand pounds, contained molybdenum) 


Molyb- Ferro- 


End use dic 


oxides 1 denum 2 


Steel 
High speed l lll... Ser os 1,830 
Hot work toon 188 
Other tõol l uu i ²⁵²· Noi 8 585 
Stainless 4,164 
Other allo 18,124 
Steel mill rolls 1,203 
Gray and malleable casting 540 
Welding rodls lico coll.o. Lee ee 
High-temperature alloys... ................. 1,654 
Molybdenum powder: wire, rod, sheet, other. ...... 
Chemicals: Inorganic pigmentnn 402 
Organic oigmmentag _------------------ 213 
Sate. seen esd 1,551 
Miscellaneous 8 -2-2-2-2 ----------- „334 
Pr unus ease 33 , 788 
Stocks at consumers plants Dec. 111 6,730 


1 Includes technical and purified oxides. 


Molyb- Am— Sodium 
molyb- denum monium molyb- Other? Total 
metal  molyb- date 
powder date 

882 F 102 2,815 
AZO. closes eerie whe ss 4 312 
140 E EE 2 727 
1,882 FFF 56 6,105 
1,763 S 53 19,942 
ö 88 ... 1,298 
2,601 17 8 17 3,179 
281 ff.. v eee 281 
765 42 doce. m8 1,580 4,041 
15 1:502!" 2-22 Gaana 18 1,595 
NN (4) 6 75 7 490 
React, Cuna z: 13 273 1 500 
F 284 3 . 1,838 
1,798 95 29 45 1.087 6,383 
10,337 1,722 336 396 2,927 49,506 
2,288 209 356 88 653 10,274 


2 Includes molybdenum silicide, and calcium molybdate. 
3 Includes thermite molybdenum and molybdenum pellets, purified molybdenum disulfide, and molyb- 


denite concentrate added direct to steel. 
4 Less than !4 unit. 


5 Includes cutting and wear resistance materials, alloy hard facing rods and materials, permanent-magnet 
alloys, soft magnetic alloys, copper, nickel and titanium-base alloys, metal to glass seal materials, electrical 
contact materials, electiical resistance alloys, friction material, diamond bit matrices, hard facing rods and 
materials, cast carbide dies or parts, ceramic pigments, lubricants, fertilizer, ground coat frit, and unspecified. 


STOCKS 


A high level of molybdenum production 
in 1967 and reduced steel industry demand 
allowed the molybdenum industrial in- 
ventory to increase 35 percent despite loss 
of byproduct molybdenum production due 
to the copper strike. A record molybde- 
num output in the first half of 1967 
together with additional stockpile sales 
boosted consumer's stocks to an unprec- 
edented high of 15.3 million pounds at 


midyear. During the second half of the 
year, inventories were drawn down, 
dropping to 10 million pounds at year- 
end. Due to this plentiful supply in the 
hands of consumers, a 5 months work 
stoppage at Climax Molybdenum Co.’s 
Langeloth plant was not felt by con- 
sumers. Producer stocks at mine and 
plant increased to the highest level since 


the late 1940’s. 


PRICES 


Early in January 1967, the molybdenum 
industry announced price increases on 
molybdenum products that averaged 3.7 


percent. The new prices remained in effect 
throughout the year and essentially repre- 
sented the first price change since April 3, 


MOLYBDENUM 


1964. No objection was interposed by the 
Government for the January increase. This 
was in sharp contrast to the situation in 
1966 when the Government made strong 
objections to a price increase for molyb- 
denum products that averaged 5 percent. 
The industry was informed that this in- 
crease was totally unjustified and added 
unnecessarily to inflationary pressures on 
the economy. Although the industry felt 
the increase was justified and necessary to 
assure an adequate future supply of molyb- 
denum, the price advance was rescinded. 

On November 27, 1967, one producer 
announced selective price increases which 


FOREIGN 


Although total exports of molybdenum 
products in 1967 were about the same as 
those for 1966, value dropped sharply as 
an ample supply eliminated premium 
markets. Reduced exports of ferromolyb- 
denum were offset by increased exports of 
concentrate, powder, and other semi- 
fabricated forms. 

The shift in the traditional pattern of 
exports to European countries was due 
to the startup in 1966 of a new roaster 


facility in the Netherlands. (See World 
Review). Exports to most European 
countries decreased as the Netherlands 


became a focal point for supplying their 
molybdenum product requirements. The 
Netherlands received 16.3 million pounds 
of concentrate in 1967 compared with 11.6 
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were later rescinded when other molyb- 
denum producers failed to support the 
increase. The old and new published prices 
are as follows. 


Per pound contained 


molybdenum 
April 3, January 
1964 11, 1967 
Molybdenite concentrate 
Lob, Climax, Colo $1.55 $1.62 
Bagged molybdic oxide 1. 1.74 1.82 
Technical molybdic oxide 
in cans 1___ 1.75 1.82 
Molybdic oxide briquette 1. 1.77 1.85 
Ferromolybdenum 2. 04 2.11 


1 Molybdenum products, f. o. b. Langeloth, Pa. 


TRADE 


million in 1966 and 1.5 million in 1965. 

No molybdenum ore or concentrate was 
reexported in 1967. This compares with 
164,482 pounds of molybdenum in con- 
centrate reexported in 1966 and 1238, 281 
pounds of molybdenum in 1965. 


Table 5.—Molybdenum reported by 
producers as shipments for exports 
from the United States 


(Thousand pounds of contained molybdenum) 


Product 1966 1967 
Molybdenite concentrate 15,140 22,240 
Molybdic oxide............. 11,315 5,792 
All other primary products... 1,899 1,418 
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Table 6.—U.S. exports of molybdenum ore and concentrates 
(including roasted concentrates), by countries 


(Thousand pounds and thousand dollars) 


1966 1967 
Destination — — 
Molyb- Molyb- 
denum Value denum Value 
(content) (content) 
Astala EE EE 248 $478 73 $121 
KT e ENEE EE 473 935 252 621 
Belgium- Luxembourg 2, 726 4, 955 1,878 3,382 
lg (A EE 14 20 17 39 
GI DRIED 1,014 1,469 3,415 5,312 
Chiles er: easi tui i y 16 28 1) 
REES 1,978 4,008 1,526 2,651 
Germany, West... 8 4,779 10. 160 1,971 3,502 
/) ate en Kd km y 1,084 1. 875 455 787 
C ⁰¹ä² ͥ ͥ ͥ ͥ . Nene a aS ne 3,405 6,782 2,690 4,916 
ee, gu ah , EECH 10 Id — v ë en 
T ³o AB 88 73 192 260 569 
Nethelandſ·ddddsdd ded Aen EE, 11,551 19,317 16,287 27,602 
New Zeslanſqgqgsgcg‚‚õs‚ 8 bug 5 10 3 7 
Philippines- aah usum Ee ⁰yd Ee 10 19 21 48 
South Africa, Republic off 45 73 20 50 
SDA uot oe pm eee aa EEN 2 5 1 (!) 
e BEE 3% KP 1,046 1,979 582 950 
United Kingdo l SS s s s P TX s D ll. . 1,145 2.145 488 775 
\ enezuela ß EE .-. 131 272 55 94 
Oher o pru e ² ] ² 6 ſ a hae ee y Gata iota di ee 13 29 6 7 
i d Z de aes E 29,768 54,765 30,000 51,434 
1 Less than 1⁄ unit. 
Table 7.—U.S. exports of 
molybdenum products 
(Thousand pounds, gross weight) Prcduct and country 1966 1967 
Product and country 1966 1967 Wire— Continued 
deu d eee ee Other countries 2 7 
Ferromolybdenum:! fuos Renee  — 19 34 
Australia. ........ "uer" 200 94 Value (thousands) $624 $661 
Brazil 222 Ft et ee suya 268 8 SSE a ee Ee ss 
Canada ` LL 523 317 Powder 
Germany, West.. 101 ..... Canada...... S 3 3 213 
ndia.. S S C 44 292 Fran neee 5 1 (2) 
III/ ⁵ͤ A 62 Germany, West. 76 1 
Jap,.“ A ---... 72 Dll es ne Es 4 (2) 
Mexico... o 28 47 Mexico_._.__.__._____.._...- 7 10 
Netherlands. 433 388 Sweden 19 15 
South Africa, Republic of 174 160 United Kingdom 8 2 
Spain... ²Ä m 8 9932 Other countries... .. |... ... 2 (?) 
nited Kingdom............ 107 20 — 
Other countries. 167 62 Total TE E 120 241 
— Value (thousands) `` $502 $434 
Total `, ETERS — 2,200 1,533 SSS 
Value (thousands) $4,085 $2,436 Semifabricated forms not  else- 
„„ === == where classified: 
Metal and alloys in crude form Canada. l l os ess eS 24 4 
and scrap: France_______________-_.-.- 2 4 
Germany, West 16 15 Germany, West 1 1 
ADAM u et 20 9 Itdly cect ey thee shea (2) 2 
Mexico. `... 10 18 Japan . 8 227 
United Kingdom 5 (2) Mexico. -222a aaa aaa 2 14 
Other countries 8 8 Netherlands 2 2 
— United Kingdom 13 9 
lf A I 59 50 Other countries . 20 29 
Value (thousands) $251 $131 
Ee === Total . |... .. ... ..... 2 292 
Wire Value (thousands) $398 $702 
Bra! es 6 10 
Canada 3 13 
l eh TS ee 2 (2) ! Ferromolybdenum contains about 60 to 65 
Germany, Wes ttt. 4 2 percent molybdenum. 
Mexico... o 2 2 2 Less than V unit. 


MOLYBDENUM 


There was no transaction for molyb- 
denum ore or concentrate in 1967, how- 
ever in 1966, 8,729 pounds of concentrate 
was imported which contained 5,000 
pounds of molybdenum, valued at $13,750. 
In addition, during 1966, imports of 
molybdenum compounds (mainly technical 
oxide) totaled 430,195 pounds containing 
266,673 pounds of molybdenum valued at 
$453,219. During 1967, 437,166 pounds 
of . molybdenum compounds containing 
30,601 pounds of molybdenum valued at 
$25,219 were received from the United 
Kingdom. The low molybdenum content 
of these imports indicates that no tech- 
nical oxide was imported under this 
classification. Technical oxide was imported 
in 1967, under material in chief value 
molybdenum, and totaled 1,895, 313 
pounds containing 1,179,077 pounds of 
molybdenum valued at $1,967,643. During 
1965 and 1966, technical oxide was im- 
ported as molybdenum compounds. 
Although the tariff rate is the same for 
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both, the proper classification for technical 
oxide is 603.40, material in chief value 
molybdenum, whereas tarif classification 
419.60, molybdenum compounds, is re- 
served for manufactured molybdenum 
chemical products. 


In both years, wrought molybdenum 
was received chiefly from Austria, whereas 
unwrought molybdenum was received 
mainly from Canada in 1966 and West 
Germany in 1967. Over 60 percent of 
waste and scrap imports was received from 
West Germany in 1967 while the balance 
was imported from three countries. In 
contrast, the U.S.S.R. supplied about one- 
half of waste and scrap imports during 
1966 with the balance supplied by seven 
countries. 

Under the Kennedy Round of Tariff 
Negotiations which were completed during 
the year, the duties on molybdenum 
products were to be reduced by 50 percent 
over a 5-year period. 


Table 8.—U.S. import duties 


Item Articles Rate of duty, January 1, 1968 ! 
601.33 Molybdenum ore 21 cents per pound on molybdenum content. 
603.40 Material in chief value molybdenum.. 18 aod per pound on molybdenum content plus 5 percent 

ad valorem. 
607.40 Ferromolvbdenunm mm Do. 
Molybdenum: 

628.72 Unwrought... . -- Do. 
628.74 Wrought t 22 percent ad valorem. 


Molybdenum chemicals: 


417.28 Ammonium molybdate 


18 cents per pound on molybdenum content plus 5 percent 


ad valorem. 


419.60 Molybdenum compounds 
420.22 Potassium molybd ate PONE 
421.10 Sodium molybd ate 
473.18 Molybdenum orange 


! Not applicable to Communist countries. 


o. 
Do. 


o. 
9 percent ad valorem. 


WORLD REVIEW 


Australia.—M ost of Australia’s small 
molybdenum production in recent years 
has been from the A. W. Molybdenite 
mine, operated by Canadian Key Molyb- 
denum Pty. Ltd. in the Deepwater Mining 
Division. Considerable interest was shown 
by numerous mining concerns in explora- 
tion for molybdenum mineralization in 
Australia. A general exploration program 
on a number of concession areas totaling 
2,000 to 3,000 square miles in the northern 
part of Western Australia was conducted 
by Westfield Minerals ( W. A.) Ltd. Drill- 


ing was initiated on an interesting molyb- 
denum showing. 

Freeport of Australia, Inc., a subsidiary 
of Freeport Sulphur Co. of the United 
States, entered into a joint venture with 
Metals Exploration N. L. to explore an 


extensive molybdenite occurrence near 
Bathurst. 
Kennecott Explorations Pty.  Ltd., 


signed an option on a new copper prospect 
200 miles north of Perth. Kennecott holds 
exploration rights for molybdenite, copper, 
lead, zinc, and tin on a 4,800-square-mile 
area. 
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Metals Exploration N. L. continued to 
investigate a complex molybdenum-tung- 
sten-bismuth deposit at Wolfram Camp, 
North Queensland. At least nine pipe-type 
ore bodies have been located by under- 
ground exploration. The concern was ex- 
pected to begin production of molybdenite 
and tungsten concentrate in the third 
quarter of 1967. 

Canada.—Canada continued to improve 
its position as the free world’s second 
largest producer of molybdenum. New 
mines brought into production in 1965 and 
1966 operated at a high production level 
in 1967. Canada’s production capacity 
was increased with the startup of the mine 
and concentrator of British Columbia 
Molybdenum Ltd., subsidiary of Kennecott 
Copper Corp. Initial operation of the 
6,000-ton-per-day concentrating plant be- 
gan in October and full capacity operation 
was expected by yearend. The ore reserve 
was estimated at 40 million tons grading 


MINERALS YEARBOOK, 1967 


0.23 percent molybdenite. 

Red Mountain Mines, Ltd. planned to 
expand its 400-ton concentrator to 800 to 
1,000 tons per day. The ore reserve was 
reported at 1 million tons grading 0.45 
percent molybdenum disulfide. 

Endako Mines Ltd. (N.P.L.), British 
Columbia, Canada’s largest molybdenum 
producer, continued its extraordinary 
production performance. Since the initial 
startup in May 1965, about 34 million 
pounds of molybdenum has been produced. 
In 1967, a total of 6.8 million tons of ore 
was treated in producing 14.3 million 
pounds of molybdenum. Average grade of 
ore treated was 0.212 percent molybdenite 
of which 83.3 percent was recovered. The 
concentrator was expanded during the year 
and at yearend was treating over 25,000 
tons per day. The ore reserve at yearend 
was reported at 239 million tons grading 
0.15 percent molybdenite with a cutoff 
grade of 0.08 percent molybdenite. 


Table 9.—Free world production of molybdenum in ores and concentrates by countries ! 


(Thousand pounds molybdenum) 


Country ! 1963 
Australian r 13 
Canada 2: 834 
P ˙¹—wm ne —ommb!.!. E 6, 400 
ff ³ĩV5Wi ke en oe 732 
Korea, South ` l 154 
Mees See EE 90 
Norns Se eA Deis r 463 
Ff v eed uku un oh oy aes r 1,122 
Dhiiippines -------------------- 236 
United States 65,011 

/; aoaaa r 75, 055 
p Preliminary. r Revised. e Estimate. 


1964 1965 1966 1967 P 

SE 26 d — 
1,225 9,557 r 20,419 21,526 
,99 r 8,142 r 10,430 10,752 
619 611 r 54 558 

265 448 659 613 

117 108 r 289 e 300 

r 503 r 527 r 500 570 
871 r 1,499 r 1,484 2,087 

231 170 r 108 77 

r 65, 605 r 77,872 90,532 88,930 
r 77,829 r 98,460 r 124,967 e 125,363 


! Molybdenum is also produced in Argentina, Bolivia, Nigeria, South-West Africa, and Spain, but pro- 


duction is negligible. 
? Shipments. 


Bethlehem Copper Corp. Ltd., British 
Columbia, a small byproduct molybdenum 
producer, removed its molybdenum circuit 
that had proved unsatisfactory. At year- 
end, consideration was being given to the 
reinstallation of a molybdenum circuit 
based on new laboratory test results. Cur- 
rently about 1,000 pounds per day of 
molybdenum is lost in copper concentrate. 

Canada’s oldest molybdenum producer, 
Molybdenum Corporation of Canada Ltd., 
Lacorne, Quebec, suffered a disaster when 
its concentrator was destroyed by fire in 
October. 

Possible future molybdenum producers 
are Brenda Mines Ltd., Highmont Mining 


Corp., and Lornex Mining Corp. Brenda 
completed financial arrangements required 
to further develop its low-grade molyb- 
denum-copper deposit in the Peachland 
area of British Columbia. Ore reserves are 
said to be 167 million tons grading 0.19 
percent ‘copper and 0.087 percent molyb- 
denite. A milling rate of 20,000 tons per 
day has been proposed. Highmont con- 
structed a bulk sampling plant to treat ore 
from underground exploration. Ore reserves 
to a depth of 250 feet indicate 45 million 
tons grading 0.098 percent molybdenite and 
0.30 percent copper. Twelve million tons 
of lesser grade material was also reported. 
Japanese capital is interested in the ven- 
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ture. Lornex carried out bulk sampling 
and milling tests during the year. An ore 
reserve of 330 million tons grading 0.031 
percent molybdenum and 0.44 percent 
copper has been reported. 

Other interesting potential molybdenum 
deposits under investigation are those of 
Bell Molybdenum Mines Ltd., Mayfair 
Molybdenum Mines Ltd., and Silurean 
Chieftain Mining Co. All three properties 
are in the Alice Árm area of British 
Columbia in the vicinity of the operating 
plant of British Columbia Molybdenum 
Ltd. Amax Exploration Co. continued 
underground exploration on its Smithers, 
British Columbia, prospect. 

Chile.—In April, the Chilean Govern- 
ment purchased a 51-percent interest in a 
new corporation, Sociedad Minera El 
Teniente S. A. (El Teniente Mining Com- 
pany, Inc.), that acquired the El Teniente 
property of Braden Copper Co., subsidiary 
of Kennecott Copper Corp. Kennecott 
retains the 49-percent interest and will 
operate the new concern. Financial ar- 
rangements were made to expand opera- 
tions by 60 percent. 

In 1966, Chile became a leading con- 
sumer of its own molybdenum concentrate 
output, utilizing about 25 percent of total 
deliveries with the balance being exported. 
Carburo y Metalurgia S. A., the molybdic 
oxide and ferromolybdenum producer, 
was considering expansion of conversion 
capacity at yearend. 

Chilean molybdenum concentrate 
deliveries for 1967 were as follows: Chile, 
25 percent; West Germany, 23 percent; 
United Kingdom, 17 percent; Sweden, 13 
percent; Netherlands, 11 percent; Japan, 
6 percent; France, 4 percent; and Bel- 
gium a small quantity. 

Denmark.—Exploration of the Mesters- 
vig molybdenum deposits in Greenland 
was delayed with the announcement of 
the new molybdenum occurrence in 
Colorado by American Metal Climax, Inc. 
(AMAX). AMAX is a partner in the 
Arctic Mining Co., Inc., the holder of a 
Danish concession for the exploration and 
exploitation of Greenland’s large low-grade 
molybdenum deposit. 

Germany, West.—American Metal Cli- 
max, Inc., formed a wholly owned sub- 
sidiary Climax Molybdenum, G.m.b.H. 
which was to market molybdenum products 
in West Germany, Switzerland, Austria, 
and the Netherlands. A subsidiary in Paris 
will continue to handle orders for France, 
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Italy, and Spain, while another subsidiary 
will be responsible for the British and 
Scandinavian markets. 

Japan.—During the year, the Japanese 
Ministry of International Trade and 
Industry studied the feasibility of stockpil- 
ing molybdenum, cobalt, tungsten, and 
vanadium. The stockpile aim would be to 
hedge against short supply situations with 
the venture financed 50—50 by the Govern- 
ment and the specialty steel industry. 

Malaysia.—Geochemical anomalies 
found during a United Nations survey in 
1965 resulted in the first discovery in 
Borneo of a porphyry copper desposit. 
Minor quantities of molybdenum, zinc, 
and mercury were also present. Diamond 
drilling by the Geological Survey, Borneo 
Region, Malaysia indicated that the size 
and grade of the deposit are sufficient to 
encourage further exploration. 

Mexico.—A joint mineral exploration 
program of the Government agency 
Consejo de Recursos Naturales no 
Renovables and the United Nations re- 
sulted in the discovery of a potential cop- 
per molybdenum deposit in northern 
Sonora. 

Netherlands.—In May 1966, a new 
roaster to convert molybdenum concentrate 
to technical molybdic oxide was placed 
in operation by Climax Molybdenum N. 
V., the Dutch subsidiary of Climax Molyb- 
denum Co. The new plant was designed 
to produce 12 million pounds of molyb- 
denum annually as technical oxide. The 
facility was constructed for a highly auto- 
mated process from receipt of concentrate 
to final packaging. 

Peru.—Southern Peru Copper Corp.’s 
open pit mine and concentrator at 
Toquepala produced 1,855 tons of molyb- 
denum concentrate during the year, which 
compares with 1,634 tons produced in 
1966 and 1,450 tons in 1965. Process 
changes to improve molybdenite recovery 
are continuously evaluated since overall 
recovery of molybdenum from the ore in 
1966 was only 37.1 percent. (See Tech- 
nology). 

In 1966, a small operation began produc- 
tion of hand cobbed molybdenite in the 
Department of Piura for direct shipment. 

An agreement was reached between the 
Peruvian Government and France’s Bureau 
de Recherches Geologiques et Minieres for 
a joint mineral study for a variety of 
minerals including molybdenite. The agree- 
ment also provides for joint Franco- 
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Peruvian exploitation in event that com- 
mercial minerals are found. 


Philippines.—The sole producer of 
molybdenum concentrate, Marinduque 


Mining and Industrial Corp. planned to 
increase its milling capacity to about 9,000 
tons per day by mid-1 968. 

Sweden. A potential resource of molyb- 
denum was indicated when the Geological 
Survey revealed that the Billingden shale, 
mined for its uranium content, contained 


320 grams of molybdenum per metric ton 
of shale. 
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Yugoslavia.—The Institute for Nuclear 
and Other Mineral Raw Materials, of 
Belgrade reported that significant amounts 
of rhenium occurs in the molybdenite ore 
at the abandoned Mackatica mine near 
Surdulica. It was estimated that 40 tons of 
rhenium was present in the known ore at 
the mine and much more in the as yet 
unexplored deposits of the surrounding 
area. Rhenium content of molybdenite 
ranges from 1 to 2,500 grams per ton. If 
this deposit is exploited for rhenium, a 
significant amount of molybdenum could 
be produced as a by-or coproduct. 


TECHNOLOGY 


Recovery of molybdenum, formerly lost 
in tailings was made possible with the 
startup of a new plant in mid-1966. Cli- 
max Molybdenum, a Division of American 
Metal Climax, Inc., developed a process 
for chemically recovering the molybdenum 
oxide content of ore from the upper zones 
of the Climax mine which was not recover- 
able by conventional flotation processes, 
thereby conserving a valuable molybdenum 
resource. À simplified flow pattern of the 
process was described by Climax as fol- 
lows: 


Selected ore containing both sulfide and oxide 
molybdenum, and sufficiently enriched in the oxide 
molybdenum, is kept separate from the regular 
sulfide ore throughout the mining, crushing, grinding, 
and flotation operations. The tailing or residual 
pulp from the flotation units constitutes the feed to 
the oxide recovery plant. 

The feed to the new process facilities is received 
as a mixture of finely ground solids in water. Most 
of the oxide molybdenum values occur in the very 
fine slime particles: accordingly, it is possible to reduce 
the 5,700 tons per day of material for chemical 
processing to 1,650 tons per day by first making a 
concentrate based on particle-size separation. 

The oxide molybdenum is dissolved from this 
concentrate in large rubber-lined vessels with sulfuric 
acid and sulfur dioxide held at 140? F. The leach 
pulp is then agitated through granular activated 
charcoal in another series of tanks. The charcoal 
absorbs practically all of the molybdenum, but only 
a very small amount of other constituents, from the 
leach liquor. Waste slurry is separated from the 
loaded charcoal by screens and is discarded to the 
tailing pond. 

Molybdenum is dissolved from the charcoal in an 
ammonia solution, and the charcoal is returned to 
the adsorption circuit to be loaded with molybdenum 
again. To maintain its adsorbing power through 
many cycles, the charcoal must be regenerated 
periodically by a high temperature (1475? F.) heat- 
treating process. 

he molybdenum-bearing ammonia solution is 
evaporated to produce crystals of ammonium 
molybdate. These crystals are then heated to 1075? 
F. in a gas-fired rotary kiln and converted to molybdic 
oxide (MoOs) which is the final product for shipment 
to the Climax conversion plant at Langeloth, Pa. 


Additional information concerning the 


process, including a flow diagram, was 
published. 


Mineralization of the Urad (Climax 
Molybdenum Co.) ore body consists of 
molybdenite (Mos: ) associated with pyrite 
and trace amounts of lead and zinc sulfide. 
Milling technology follows that developed 
at the firm's Climax mine with the major 
exception of a leaching step to control the 
lead and zinc content of concentrate.“ In 
order to meet a lead specification of less 
than 0.05 percent, flotation concentrate is 
leached with a solution of hot ferric 
chloride followed by hot pressure filtration 
and hot water washing. Ammonia is added 
to the final wash water to neutralize 
residual acid. More than 80 percent of the 
lead and about half of the zinc is removed 
from the concentrate. The development of 
this technology, along with large scale 
mining, made possible the economic devel- 
opment of this long-known resource. 

The recovery of molybdenum as a by- 
product from copper porphyry ore is 
generally poor, ranging from 40 to 70 per- 
cent depending on the refractoriness of the 
ore and individual company practices. 
Kennecott Copper Corp. was issued a 
patent * for a method of recovering small 
quantities of molybdenum usually lost in 
the waste slag in smelting copper con- 


2 Engineering and Mining Journal Carbon 
Adsorption Is Key to Recovery of Molybdenum 
Oxide at New Climax Plant. V. 168, No. 1, 
January 1967, pp. 106-109. | 

Guccione, Eugene. First Chemical Route for 
Molybdenum Processing. Chem. Eng., v. 74, 
No. 2., Jan. 16, 1967, pp. 140-142. 

World Mining. Oxide Molybdenum Recovery 
at Climax. V. 3, No. 1, January 1967, pp. 22-25. 

3 Seeton, Frank A. Urad Mine. Deco Trefoil, 
v. 81, No. 4, August, September, October 1967, 
pp. 11-22. 

4 Kennecott Copper Corp. Process for the 
Recovery of Molybdenum Values from Fer- 
ruginous, Molybdenum-Bearing Slags. U.S. Pat. 
3,314,788, April 18, 1967. 
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centrate. Although the method appears 
uneconomical under today’s costs and 
economy, the technology developed may 
result in supplementing domestic supply 
in the future. 

Large-scale mining operations require 
long-range planning for effective mine 
development to assure an adequate supply 
of ore to meet production schedule;. Two 
publications describe š computer program- 
ing criteria at the Climax molybdenum 
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mine. Although both reports are directed 
toward solving technical problems, the 
computer programs could be refined to in- 
clude a financial analysis. 


5 | Mathias, Adrian J., A Mine Production- 
Scheduling Model and Critical Path Analysis of 
Mine Development Work for Long-Range Mine 


Planning. BuMines Rept. of Inv. 6987, 1967, 48 


pp. | 

Sheinkin, Moshe, and Douglas E. Julin. 
Computer Simulation Aides in Mine Production 
at Climax. Min. Engr., v. 19, No. 4, April 
1967 pp. 76-81. 
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Natural Gas 


By William B. Harper and Leonard L. Fanelli* 


The marketed production of natural 
gas in 1967 totaled 18,171 billion cubic 
feet. Production for the year was up 965 
billion cubic feet above 1966 levels, and 
Louisiana accounted for almost 66 per- 
cent of this increase. There were produc- 
tion declines reported for 19 of the 30 
producing States. Primarily due to in- 
creased offshore production, Louisiana 
now accounts for 31.5 percent of total U.S. 
production compared with 26.9 percent 
in 1964, while Texas' share declined from 
42.0 percent in 1964 to 39.6 percent in 
1967. The wellhead price of gas increased 
0.3 cent to an average of 16.0 cents per 
thousand cubic feet (Mcf), the highest 
level since 1963. 

There were 718 fewer gas wells com- 
pleted in 1967; the average depth per 
well declined from 5,928 feet in 1966 to 
5,898 feet in 1967. Gas wells in operation 
were fewer in number at yearend, totaling 
112,321 compared with 112,491 on De- 
cember 31, 1966. | 

In 1967, a west Texas well was ac- 
claimed the world's new record holder for 
a depth producing well. The well, (the 
Perry R. Bass, Inc. and Champlin Petro- 
leum Co. No. 1 Roxie Neal, Section 2 
Block 142, T & STL Survey)? was com- 
pleted flowing gas from the Ellenburger 
Group at 21,812 to 22,447 feet. The new 
well located in the Gomez Field, Pecos 
County, flowed gas at the rate of 10.1 
million cubic feet daily between these 
depths. 

Industrial consumption continued to 
dominate gas demand. Much industrial 
use occurs in Texas and Louisiana where 
gas holds a strong competitive margin 
because of its proximity to large industrial 


complexes. Interstate shipments of domes- 
tically produced gas in the Southwest 
were beginning to decline because more 
of this gas is being consumed internally, 
particularly for petrochemicals. Total 
consumption for the year increased 5.7 
percent, and industrial use, the largest 
segment, was up 6.2 percent. Intrastate 
gas usage has the added attraction of a 
shorter reserve life requirements (15 in- 
stead of 20 years) than interstate gas, 


and the time interval between contract 


negotiations and gas delivery is far 
shorter. These advantages tend to offset 
the narrowing price gap between the two 
gas supplies. The best prospects for inter- 
state gas development appear to be in 
gas from the Outer Continental Shelf of 
the Gulf of Mexico. 

There was 15.6 trillion cubic feet of 
gas processed at plants in 1967, and from 
this, 21.6 billion gallons of natural gas 
liquids and ethane was recovered. After 
some processing loss most of the re- 
mainder was directed to transmission 
companies and consumers. 

According to the American Gas Asso- 
ciation (AGA), there were 828, 270 miles 
of gas pipelines at the end of 1967. This 
includes 225,360 miles of main transmis- 
sion lines, 63,710 miles of gathering lines, 
and 539,200 miles of distribution lines. 
Compared with 1966 figures, main trans- 
mission lines increased 8,380 miles, gath- 
ering lines, 730 miles, and distribution 


lines, 19,590 miles. 


1 Mineral 
Studies. 

2 Survey statistician, Division of Statistics. 

3 Texas and St. Louis R. R., Survey. 


specialist, Division of Mineral 


153 


754 


MINERALS YEARBOOK, 1967 


Table 1.—Salient statistics of natural gas in the United States 


1963 
Supply: 
Marketed production 1 
million cubic feet. 14,666,559 
Withdrawn from storage... do 911,741 
Imports... iem do.... 403,997 
err Es do.... 15,982,297 
Disposition: i 
Consumption do.... 14,560,953 
Exports do 16, 865 
EE do 1,041,802 
Lost in transmission, ete do 362, 677 
Total eile do.... 15,982,297 
Value at wellhead: 
Total. thousand dollars ` 2,328,030 
Average cents per Mel ` 15.9 


1964 1965 1966 1967 


15,462,143 
880,498 
440,918 


16,783,559 


16,039,753 
959, 865 
456,394 


17,456,012 


17,206, 628 
1,141,614 
479, 780 


18,828,022 


18,171,325 
1,132,534 
564,226 


19,868,085 


15,451,979 16,033,189 17,191,711 18,172,894 
19 2 2 24,639 81,614 


1,009,302 1,077,980 1,210,469 1,317,363 
302,781 318,711 401,203 296,214 
16,783,559 17,456,012 18,828,022 19,868,085 


2,387,689 2,494,542 2,702,759 2,898,741 
15.4 15.6 15.7 16.0 


1 Comprises gas sold or consumed by producers, including gas loss due to natural gas liquids recovery, losses 
in transmission, quantities added to storage, and increases of gas in pipelines. 


SCOPE OF REPORT 


In this chapter, gas volumes are re- 
ported or converted to a pressure base of 
14.73 pounds per square inch absolute 
(psia) at 60° F instead of base of 14.65 
psia used previously. This change was 
adopted in response to the Bureau of the 
Budgets request to establish uniformity 
in reporting between Federal and indus- 
try gas statistics. 

Data on natural gas production, con- 
sumption, and value are collected by an- 
nual surveys of oil and gas producers, 
natural gasoline plant operators, gas pipe- 
line companies, and gas utility companies, 


with separate reports obtained for each 
State in which they operate. 

These reports reflect approximately 80 
percent of gross natural gas production. 
The large number of respondents and the 
difficulty of canvassing each small pro- 
ducer has made direct acquisition of total 
production impractical. Most of the out- 
put of nonreporting producers has been 
shown in purchase listings of reporting 
companies. Marketed production for each 
State equals consumption in the State, 
plus losses in transmission, gas placed in 
storage, and shipment from storage and 
receipts from other States. 


LEGISLATION AND GOVERNMENT PROGRAMS 


Permian Basin Decision.—The Federal 
Power Commission (FPC) decisions re- 
garding Opinion No. 468 (and 468-A) 
fixing gas producer rates for interstate 
sales for resale in three of the FPC’s 
23 pricing areas, was handed down 
August 5, 1965. The three areas which 
supply 10 percent of the Nation's nat- 
ural gas, include the southwest corner 
of New Mexico and southwestern Texas. 
The decision involved a dual price sys- 
tem based on national costs, including a 
12-percent rate of return. The Commis- 
sion set the following ceiling prices: 16.5 
cents per thousand cubic feet for gas 
placed under contract since January 1, 
1961 from new gas wells, nonassociated 
gas in the Texas portion of the Permian 


Basin; 14.5 cents per thousand cubic feet 
(Mcf) for pre-1961 gas including gas 
well gas, oil well gas, and residue gas 
in Texas (including production taxes); 
15.5 cents per Mcf for new gas well gas 
in New Mexico plus production taxes, 
and for all pre-1961 gas in New Mexico, 
13.5 cents per Mcf which includes gas 
well gas, oil well gas, and residue gas in 
New Mexico. 

The Commission also set a minimum 
rate of 9 cents per Mcf for Permian gas 
of standard quality. The ceilings set by 
FPC applied only to the 336 producers 
who were parties to the Permian proceed- 
ing instituted in 1960. The new prices 
applied to all gas dedicated to the inter- 
state market while applicable area prices 
are in effect. 


NATURAL GAS 


Subsequently, on January 20, 1967, the 
U.S. Court of Appeals for the Tenth 
Circuit remanded Opinions 468 and 
468-A in the Permian Basin Area Rate 
Proceeding (AR 61-1 et al) to the FPC 
for further hearings to equate group 
revenue requirements and to determine 
the effect of quality adjustments on 
revenues under area rates. The Court 
directed the Commission to make appro- 
priate findings on these matters and also 
to devise a more adequate savings clause 
covering special exemption from area 
rates. 

The Supreme Court on May 1, 1968, 
however, handed down a decision (7-1) 
upholding FPC Opinion 468 in the 
Permian Basin case in all respects. The 
Court overruled all of the grounds on 
which the Tenth Circuit had reversed 
Opinion 468. There were four aspects 
upon which the Court based its decision: 

1. The statutory and constitutional au- 
thority of the Federal Power Commission 
to employ area regulations. 

2. The validity of the rate structure 
adopted by the Commission. 

3. Questions relating to the accuracy of 
the cost and other data on which the 
FPC derived maximum area prices. 

4. Matters relating to the validity of re- 
fund obligations established by the Fed- 
eral Power Commission. 
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At the same time, however, the Court 
observed that it had given consideration 
to “unusual difficulties of this first area 
case and the present experimental stage 
of area rate regulation.“ However, this 
weight must significantly lessen as the 
Commission's experience with area reg- 
ulation lengthens." 


Pipeline Safety.—In November 1967 the 
U.S. Senate passed and sent to the 
House of Representatives a bill establish- 
ing safety regulations for pipelines. The 
bil was passed by the House on July 2, 
1968, but with several amendments or 
modifications. These included an exemp- 
tion of gathering lines in rural areas 
(but not in populated places); restric- 
tions of the Secretary of Transportation's 
authority to require replacement of exist- 
ing facilities found to be "potentially 
hazardous"; exemption of State or local 
facilities upon “annual certification" by 
the appropriate State agency that it had 
adopted the Federal safety standards; 
reduction of civil penalties; and reduc- 
tion of authorized funds for the first 3 
years from $38 million to $6.5 million. 

The House and Senate adopted a con- 
ference report on the Natural Gas Pipe- 
line Safety Act of 1968 (S 1166) and 1s 


awaiting action by the President. 


CONSUMPTION 


A total of nearly 18.2 trillion cubic 
feet of natural gas was consumed in the 
United States during 1967. This was an 
increase of 981.2 billion cubic feet, or 
5.7 percent, above the volumes con- 
sumed in 1966. About 12.1 trillion cubic 
feet, or two-thirds of the gas consumed, 
is for industrial purposes; nearly one- 
half of the volume is consumed in the 
West and South Central States. Texas 
produces more gas than any other State 
but uses an amount equal to 54.5 percent 
of the volumes produced within its 
borders. Louisiana's consumption of 
about 1.5 tnllion cubic feet was equal to 
26.4 percent of the 5.7 trillion cubic feet 
produced in that State. 

Reflecting a continued growth in the 
demand for natural gas, the United 
States gas industry spent $2,252 million 
for new plant and equipment in 1967. 
Included were $1,006 million for new 
transmission facilities, $848 million for 


outlays related to distribution, $186 
million for production and storage, $91 
million for underground storage facili- 
ties, and other general expenditures total- 
ing $121 million. 


Industrial Uses.—In the industrial use 
category, the electric power utilities in 
the West South Central region used 1.2 
trillion cubic feet of natural gas for 
steam generation, and this accounted for 
43.9 percent of the 2.7 trilion cubic 
feet used for this purpose in the entire 
United States. This is readily under- 
standable, because no other fuel can 
compete in price with natural gas in the 
Southwest. Natural gas is also used ex- 
tensively in California for steam genera- 
tion. In this instance, however, air 
pollution controls and restrictions on fuel 
use in California precludes the likeli- 
hood of any noticeable competition from 
residual fuel oil in that State. 
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The industrial use of natural gas is 
extensive in the chemical and allied 
product industries; the metals group, in- 
cluding nonferrous metals; the building 
materials group; and also in foods, paper 
and allied products. Second in impor- 
tance in terms of consumption oÍ nat- 
ural gas is the field use of gas for steam 
power generation for drilling and pump- 
ing; as fuel used in petroleum refineries 
and for use as pipeline fuel in pumping 
stations. The combined petroleum-related 
uses in 1967 added to 3.4 trillion cubic 
feet or 28.3 percent of the entire in- 
dustrial use in the United States. 

The uptrend in the price of natural 
gas for residential commercial and in- 
dustrial applications has made gas un- 
attractive as a raw material for carbon 
black manufacture. 


Residential and Commercial Uses.—The 
number of gas consumers continues to 
increase. There were 39.5 million con- 
sumers of natural gas in the residential 
and commercial sectors at the end of 
1967. Included in the residential ac- 
counts are consumers who use all or any 
part of applications such as cooking, 
water heating, air conditioning, and 
house heating. There was a net increase 
of 307,000 in the consumer total in 1967, 
with a gain of 350,000 in residential ac- 
counts offset in part by a loss of 43,000 
commercial users. 

This increase was smaller than the 
indicated gain in house-heating accounts 
reported by the American Gas Associa- 
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tion for 1967, which suggests that for 
applications other than  house-heating 
competitive fuels have made some in- 
roads into the overall gas consumer de- 
mand. 

Results of the AGA Heating Survey 
show a net increase of 978,000 customers 
who installed gas heating in 1967, bring- 
ing the total number of gas individual 
house-heating customers to over 28.8 
million, a gain of 3.6 percent over the 
1966 figure. New homes accounted for 
579,000 or 59.2 percent of this increase; 
conversion from other fuels in existing 
dwellings represented 40.8 percent. In 
addition to these, 2,863,000 dwelling 
units in multifamily structures received 
gas heat from a central or master 
metered source, bringing the total num- 
ber of families served by gas heating 
to 31,671,000, a gain of 3.8 percent 
over the 1966 figure. 

The East North Central region leads 
the Nation in house-heating customers 
and the Pacific region ranks second. The 
AGA forecasts that in the 3 year period 
ending 1970, 3.0 million additional 
heating customers will be recorded. 

In terms of over-all gas volumes used, 
residential and commercial uses absorbed 
33 percent of gas consumption in 1967. 
Field use accounted for nearly 11 per- 
cent of the natural gas used. Electric 
utilities use of gas amounted to 15 per- 
cent, while petroleum refineries and 
other industrial plants made up the re- 
maining 41 percent. 


RESERVES 


The AGA Committee on Natural Gas 
Reserves estimated that the total proved 
recoverable reserves of natural gas in the 
United States as of December 31, 1967, 
were 292.9 trillion cubic feet. This in- 
cludes estimates of offshore reserves, but 
separate figures are shown only for the 
Gulf of Mexico (34.2 trillion cubic feet). 

The change in reserves for the year 
was an increase of 3.6 trillion cubic feet. 


Most of the addition to the reserves in 
1967 was the result of the extension of 
old fields and revisions of previous esti- 
mates. The number of gas well comple- 
tions continued to decline, dropping 
from 4,377 in 1966 to 3,659 in 1967. 
The ratio of reserves to annual produc- 
tion declined from 16.5 years in 1966 to 
15.9 in 1967. 


PRODUCTIVE CAPACITY 


The AGA Gas Reserves Subcommittee 
and the American Petroleum Institute 
(API) Reserves Subcommittee have pre- 
pared estimates of the productive 
capacity of the natural gas industry as 


of December 31, 1967. The capacity for 
nonassociated reservoirs is estimated at 
84,732 million cubic feet per day, and 
from associated-dissolved, 23,344 million 
cubic feet per day. The productive ca- 
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pacity of natural gas from nonassociated 
reservoirs is defined as the maximum 
sustainable rate at which existing gas 
wells completed in such reservoirs can be 
produced under present conditions to an 
unlimited market without specific regard 
to the capacity of existing producing 
equipment and pipelines or established 
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allowables. The productive capacity of 
associated-dissolved natural gas from 
both oil and gas wells is directly related 
to the productive capacity of crude oil. 
It represents the producing gas-oil ratio 
at the increased rate of crude oil produc- 
tion. 


STORAGE 


The development of underground gas 
storage facilities continued to expand, 
but at a more moderate rate than in 
the past several years. The additions for 
the year were less than 100 billion cubic 
feet and 76 percent was in States located 
in the heavy consuming Great Lakes 
region. The ability to store gas in these 
underground facilities close to major 
markets during off-season periods has 
been a dominant factor in the industry’s 
growth. The gas transmission system 
would be hard pressed to meet peak de- 
mands without these supplemental 
stocks. 

The industry added 1.3 trillion cubic 
feet to underground storage in 1967 and 


withdrew 1.1 trillion cubic feet. 

In addition to underground storage, 
there is the growth in aboveground stor- 
age for liquefied natural gas (LNG). At 
present most of this type of storage is 
associated with peak shaving facilities of 
gas distributing utilities. The continued 
growth and expansion of the natural 
gas industry has created a need for 
large volume storage near metropolitan 
areas to meet the winter peak loads. 
Storage of large volumes of natural gas 


can be accomplished in its liquefied 
state. By lowering the temperature to 
approximately —260° F, the gas will 


occupy 1609-atmosphere pressure. 


VALUE AND PRICE 


The average value of natural gas at 
the wellhead increased 0.3 cent to 16 
cents per thousand cubic feet (Mcf) 
while the cost at the point of consump- 
tion declined 0.4 cent to 51.9 cents per 
Mcf. The average cost of natural gas 
at the point of consumption varies great- 
ly because of transportation costs (from 


a high of 170.7 cents per Mcf in Maine 
to a low of 24.1 cents Mcf in Texas). 
Costs to residential consumers remained 
the same in 1967, but commercial con- 
sumers price increased 1.6 cents per 
Mcf and industrial consumers benefited 
by a 0.4-cent reduction. 


FOREIGN TRADE 


Exports of natural gas to Canada 
were increasing rapidly, with shipments 
primarily from Michigan to the Windsor- 
Sarnia area of Ontario. This export 
market is expected to continue to ex- 
pand as additional transmission facilities 
are installed. Exports to Mexico in 1967 
were 11,159 million cubic feet. 

Imports of natural gas from Canada 
also have been increasing steadily while 
the volumes imported from Mexico have 
remained at a rather constant level of 
about 50 billion cubic feet annually. 
Total imports in 1967 amounted to 564.2 
bilion cubic feet which was 84.4 billion, 
or 17.6 percent higher, than the 1966 


level. Of the increase, 98.5 percent, or 
83.1 billion cubic feet, represented addi- 
tional imports from Canada. Between 
1959 and 1967, the volume of gas im- 
ported annually from Canada increased 
from 81.9 billion to 513.3 billion cubic 
feet. Most of this imported gas is mar- 
keted in States within the Pacific North- 
west area, including 394 billion cubic 
feet in 1967. "m 

The first large-scale commercial export 
of liquefied natural gas (LNG) from the 
United States will be a joint venture of 
the Phillips Petroleum Company and the 
Marathon Oil Company. They are devel- 
oping a liquefied natural gas project to 


758 


market Alaskan gas reserves. À sale has 
been negotiated in Japan for about 139 
million cubic feet per day (MMcfd) of 
liquefied natural gas to the Tokyo Elec- 
tric Power Company, Inc., and the Tokyo 
Gas Company for an initial 15-year term. 
Shortly after the contract was signed, 
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construction schedules for the producing 
facilities, liquefaction plant, ships and 
receiving facilities were prepared and 
coordinated. First deliveries are scheduled 
for the third quarter of 1969 so as to be 
ahead of the 1969—70 heating season. 


WORLD REVIEW 


The United States, U.S.S.R., Canada, 
Rumania, and Italy were the leading 
countries in marketed production of 
natural gas in 1967. Since 1964 the 
Netherlands has more than doubled pro- 
duction each year; for 1967 the gain was 
115 percent. Marketed production in the 
United Kingdom increased from 123 mil- 
lion cubic feet in 1966 to 16,527 million 
cubic feet in 1967 when that country be- 
gan producing from some North Sea wells. 


Natural gas is rapidly becoming an 
important factor in the energy patterns of 
many nations in Europe. Natural gas is 
now, or soon will be transported by large- 
diameter pipelines from the Soviet Union 
to Italy Austria, and possibly France. 
France also has agreements to purchase 
LNG from Algeria. The United Kingdom's 
needs are being supplied in part by 
liquefied natural gas shipped from Arzew, 
Algeria to Canvey Island in the Thames 
Estuary. Gas from the North Sea gas- 
fields is now entering the British market. 
The Netherlands has become the focal 
point in gas as it has the world's largest 
gas reserve at Groningen. Some of the gas 
from the Netherlands is moving into mar- 
kets in Germany, Belgium and France. 


Nations in Eastern Europe, including 
Poland and Czechoslovakia, are entering 
into agreements to expand imports from 
the Soviet Union over the next decade.“ 

In addition to its arrangements with 
United Kingdom and France, the Algeria 
State Company has signed an agreement 
to supply Spain with Algerian natural gas 
(LNG) over a 15-year period beginning 
in 1970.5 

Another important development in the 
transport of LNG is the Esso Libya ven- 
ture which involves the sale of 345 mil- 
lion standard cubic feet daily of 1,350- 
Btu Libyan natural gas (the energy 
equivalent of 465 million standard cubic 
feet daily of 1,000-Btu natural gas) to 
Italy and to Spain, with deliveries to 
commence late in 1968. Most of the gas to 
be liquefied is produced in association 
with oil. The gas will be liquefied at 
Marsa el Brega, Libya, and then trans- 
ported in LNG ttankers to La Spezia, 
Italy, and to Barcelona, Spain. Nearly 
all of the gas to be liquefied is associated 
gas from the Zelton field and the Raguba 


field in the Libyan Desert. 


aa and Gas Journal V. 65, No. 25, 1967, 
p. 117. 
5 Page 111 of work cited in footnote 4. 


NATURAL GAS 759 


Table 2.— Quantity and value of marketed production 1 of natural gas in the United States 


1966 1967 

Average Average 

State Quantity Value wellhead Quantity Value wellhead 

(million (thousands) value, (million (thousands) value, 
cubic feet) cents cubic feet) cents 

per Met per Mef 
Alsabama ll... 25 $32 12.8 248 $31 12.7 
REG 11,267 2,794 24.8 14,438 3,610 25.0 
Arizona... 3,161 436 13. 8 1. 255 193 15.4 
Arkansas 105,174 16,407 15. 6 116, 522 17, 828 15.3 
Californian 689, 607 204, 059 31.0 681,080 202,290 29.7 
Colorado... 136,667 17,767 13.0 116,857 15,542 13.3 
Florida: c; suu gee usss 212 30 14.2 123 14.8 
Mine? 8 7,230 860 11.9 5,144 602 11.7 
Indiana 215 23.7 98 23.4 
Kansas... ot 847, 495 114,412 13.5 871,971 116, 844 13.4 
Kentucky. ...............- 76,536 18,139 23.7 89, 168 21,400 24.0 
Louisiana 5, 081, 435 929, 902 18. 3 5, 716, 857 1,057,619 18.5 
Marvland ............... 696 181 26.0 159 25.6 
Michigan 34, 120 8, 598 15.2 33, 589 8,296 24.7 
Mississippi 156, 652 27,257 17.4 139, 497 24, 133 17.3 
MISSOURI REES 121 30 24.5 
Montana. 30, 685 2, 547 8.3 25, 866 2,173 8.4 
Nebraska -_------------- 10,196 1,621 15.9 53 1,454 17.2 
New Mexico 998,076 124,760 12.5 1,067,510 138,776 13.0 
New ok 2, 699 837 31.0 3,837 1,201 31.3 
no Dakota. 46, 585 7,547 16.2 40, 462 6, 636 16.4 
ENEE ENEE 43,133 10,223 23.7 41,315 9,957 24.1 
A EE 1,351,225 189,172 14.0 1,412,952 202,052 14.3 
Pennsylvania 90,914 25,820 28.4 ; 25,280 28.1 
Tennessee. EE 58 11 19. 0 
KT EEN 6,953,790 903, 993 13.0 7,188,900 948,935 13.2 
Utah. to sse 69,366 8,809 12.7 ,965 ,46 13.2 
Meili 4,249 1,275 30.0 3,818 1,149 30.1 
West Virginia 211,610 49,940 23.6 211,460 50,962 24.1 
Wvoming. g 243,381 35,290 14.5 240, 074 35,051 14.6 
ell 17, 206, 628 2, 702, 759 15.7 18, 171, 325 2, 898, 741 16. 0 


1 Comprises gas either sold or consumed by producers, including gas loss due to natural gas liquids recovery, 
losses in transmission, quantities added to storage, and increases of gas in pipelines. 
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AVERAGE WELLHEAD PRICE MARKETED PRODUCTION 
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Figure 1.—Marketed production of natural gas by regions and average wellhead prices 
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Net 
Region and State and receipt (+) 
State abbreviation or 
delivery (—) 
New England: 
Connecticut (CT)..... -+51.7 
Massachusetts (MA)...  +130.6 
Rhode Island (RI) +19.1 
Mame S mont, 
N. H amps hire....... +7.0 
(ME) (VT) (NH) 
Total; sss Re +208.4 
Middle Atlantic: 
New Jersey EL —à +252.6 
New York (NY)...... +591.2 
Pennsylvania 123) SES +617.5 
Total.............- +1,461.3 
East North Central: 
Illinois (IL)) +1,011.2 
Indiana (IN)......... ＋ 442.7 
Michigan (MI)........ + 658.1 
Ohio (OH)............ 925.1 
Wisconsin (WI) ＋ 252.9 
Total.............. +3,290.0 
West North Central: 
Iowa (IA) +290.9 
Kansas (KS)) — 390.8 
Minnesota (MN)...... +283.3 
Missouri (MO +369 .9 
Nebraska (NB)....... +183.0 
North Dakota (ND)... — 3.1 
South Dakota (8D) +27.9 
Total... ` ＋ 761.1 
South Atlantic: 
Delaware (DEB) +21.9 
Florida (FL)) +227.4 
Georgia (Ga) +258.0 
Maryland and D.C. 
(MA) EE 149.7 
North Carolina (NC) +99.2 
South Carolina (SC)... +104.5 
Virginia (VA)) 114.9 
West Virginia (WV)... — 34.2 
Total... .22:22 2. ＋ 941.4 
East South Central 
Alabama (AL) 255. 0 
Kentucky (KY). ......- 121.0 
Mississippi S MER +146.6 
Tennessee (TN)....... ＋238.2 
( Se ＋ 760.8 
West South Central 
Arkansas (AR)........ ＋ 197.8 
Louisiana (LA)........ — 4, 146.1 
Oklahoma (OK)....... — 881.6 
Texas (TRX) —3,204.5 
Total. a T; sZ —8,034.4 
Mountain: 
Arizona (A2) +158.7 
Colorado (CO)........ +125.4 
Idaho (ID). ........-. +34.7 
Montana (MT)....... +55.0 
Nevada (NV): +35.6 
New Mexico (NM).... — 752.8 
Utah (UT)........... +60.1 
Wyoming (WY)....... — 153.4 
Total: 222222265588 — 436.7 


See footnotes at end of table. 


Table 4.—Net interstate pipeline movements 
(Billion cubic feet 


Receipts State, quantity 


1.6 NY 133. ga . 
73.9 RI 64.7 .... ......- 3 
CU. MERECE 3 „ 
0.6 MA O U onim. uisus ENEE 
207.8 CN 0. n 
672. ge.. „ . 
420.3 PA 404.6 CN 4. «as. 
531.8 OH 633.2 WV 553.4 4 
531.8 OH 633.2 WV 553.4 CN 4.0 
567.8 KY 372.9 MO 1,081.5 .... ....... 
844.9 KY 827. .... ......- „ 
196.5 OH 487.9 WI 14.1 -222 2a- 
1,033.6 KY Lupp, WEE 
166.1 M . „ 
567.8 KY 2,311.3 MN 100.9 MO 1,081.5 
209.9 NB 963.2 .... ....... eed "aes 
1,662.7 .... „ 5 ee 
804.4 SD .3 CN 83.7 s 2.2-2 
791.4 KS 859.2 OK I00˖öo 8 
2.9 KS 1,135.6 WY IL aai. piaou 
10.0 MT 29.1 NB 9.4 - ....... 
1,678.4 CN 83.7 AR 791.4 WY 16.8 
J ö aa a 
218.4 GA 9.0 .... ___-_-- 5 
1,055.2 3 a 
675.2 WV 4.8 DE Lib reso EE 
673.9 .... ....... ä a 
178.4 .... ......- EEGEN 6 
574.7 TN 3.0 WV 218.0 .... ......- 
639.1 OH 97.9 .... ......- 535 AEn 
1,273.5 K 638.5 OH 97.9 .... ......- 
2,506. .... ....... 3 3 
3,070.8 VA V PITE OR 
1,461.1 LA 3,516.8 .... ....... PODES 
977.8 GA 9.7 MS 2,324.55 
1,461.1 LA 3,516.32 55 
1,740.1 OK 70.1 TX 640.1 .... ......- 
1.11009. gees, massiu EE NER NOE Sar 
929.2 ____ ....... eat, eee „55 E 
I uoa DER NEUES 353000 
51.0 3hh „4 . 3 
1,298.2 UT N _...... 5 
58.7 NM 23.1 OK 67.3 WY 59.7 
61.9 CN 253. ùꝶh99Q—. ....... 3 
7.3 WY 26.1 CN 90.7 scos Sate 
19.8 ID 15.8 2222 22a- 33 
568.5 BONES 5 
80.5 WY 50.8 2222 22.2- EEN 
V' . E 

58.7 OK 67.3 CN 284.6 ND 7.3 
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of natural gas in the United States in 1967—Continued 
at 14.73 p.s.i.) 


Deliveries State, quantity 
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Table 4.—Net interstate pipeline movements 
(Billion cubic feet 


Net 
Region and State and receipt (+) Receipts State, quantity 
State abbreviation or 
delivery (—) 
Pacific: . 
Alaska (AR)) Ree E E 5 See. pase 73 
California (CA) ＋ 1,329.3 AZ 1,125.2 OR 204.1 sss e 3 
Oregon (OR).......... ＋ 71.6 ID 19.5 WA 256.2 S 35 
Washington (WA) ＋ 129.8 ID 245.8 CN 140; ie RO 
Total... oe +1,530.7 AZ 1,125.2 ID 265.3 CN 140.2. -ias unen 
Total United States 482.6 222. — mieu 5 5 S 
Foreign: 
anada (CW) Eher 70.5. che dole. Yee ndo M EU 3 
Mexico (MX) DEER 11.2.2) hehe 


Note: Detail figures may not add to totals due to independent. rounding. 
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of natural gas in the United States in 1967—Continued 
at 14.73 p.s.i.) 


Deliveries State, quantity 
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Table 8.—Estimated proved recoverable reserves of natural gas in the United States as of 


December, 31, 1967 


(Million cubic feet at 14.73 psia at 60° F) 


State Nonasso- Associated- Underground Total 
ciated dissolved storage 1 

RS Ee 3,383,695 251,559 ........... 3,635,254 
Arkansas 2, 528, 883 261, 405 20, 963 2,811,251 
California 2.___ 8 3, 078, 508 4,455, 124 190, 165 7,723,797 
il d, HEEN 1,503,440 246,'154 19,069 1,769,263 
Le TEE 536 25,361 232,707 258, 604 
Indigena Ee 1,830 8,394 64,557 74,781 
7)7J7))CCCö0000A00000VVVVVTVCV0TCw QOEM NR RR 14,760,620 432, 647 90,390 15,283,657 
Ff ³Ü¹¹ ee ient ecu 848,533 57,978 47,472 53,983 
Louisiana f... uu oun cuc crecer Lec i xn 70,899,751 15, 310, 629 79, 629 86, 290, 009 
Michigan 90, 774 87,7 582, 427 760, 912 
Mississippi. .. ..............- 1,268,380 322, 557 6,070 1,597,007 
ONTANG EE 550, 681 138 , 454 148,583 837,718 
Nebraska ee 30, 762 17,083 15,947 63 , 792 
New Mexic ooo 11. 689, 327 3, 387, 979 15, 159 15, 092, 465 
New f; ¹˙ iA. 8 24, 809 213 96,064 121,086 
North Dakota... 6,219 875,913 ....-...  ... 882,132 
I).”˖„„˖˖ 88 239, 989 100, 006 422, 736 762, 731 
Oklahoma 15, 246, 259 3,976,013 181, 534 19, 403, 806 
Pennsylvania 887, 066 14,717 490,387 1,392,170 
JJ77//%%öÜ˙5¹4 CD 88, 507, 297 36, 822, 517 85, 250 125, 415, 064 
f! ͥ ⁰ . h Sm s 2, 69 462, 750 1,070 1,226,517 
VIFEIDIB. oo ohare eo h 8 WEE 37,798 
eier 2,174, 935 58, 602 346, 449 2, 579, 986 
Wyoming 3, 202, 901 455, 635 26, 923 3, 685, 459 
Other States 333 25, 585 10, 255 212, 621 248, 461 
F ·˙»ꝛm ⁰ . Ous QS see 221,751,275 67,780,256 3,376,172 292, 907, 703 


1 Gas held in underground reservoirs (including native and net injected gas) for storage. 


2 Includes offshore reserves. 


3 Includes Alabama, Arizona, Florida, Iowa, Maryland, Missouri, Tennesse, and Washington. 


Source: 


Committee on Natural Gas Reserves, American Gas Association. 


Table 9.—Estimated productive capacity of natural gas in the United States !, 


Productive capacity 


State Nonasso- 

ciated 
Alaska 255 
Arkansas 1,484 
California 2. 1,591 

Colorado 49 
Ilinois- 2-2- 
Indiannaaasss 
sas___ ͤ —. 9,161 

Kentucky............-. 2 

Louisiana 242 26, 785 
Michigan 121 
Mississippi. ............ 592 
Montana 160 
Nebraska. 25 


December 31, 1967 
(Million cubie feet per day) 


Assoc- 

iated Total State Nonasso- 
dis- ciated 

solved 
100 355 New Mexico 3,552 
101 1,585 New Vork 7 
1,112 2,703 North Dakota 2 
93 585. Ohio- 88 
14 14 Oklahoma 9,214 
6 6 Pennsylvania 261 
525 9,686 Texas iii: 28 , 736 
1 297 Mahn eae 149 
5,314 32,099 Virginia 10 
5 179 West Virginia 620 
95 687 Wyoming 1,144 
52 212 Other States? 5 

14 39 

e 25s 84,732 


Productive capacity 


Assoc- 
iated Total 
dis- 
solved 
1,668 5, oe) 
156 158 
32 120 
2,877 12,091 
265 
10,789 39, 525 
243 
EN 10 
17 637 
200 1,344 
4 9 


23,844 108,076 


1 Productive capacity represents potential production rather than immediate or instantaneous production 
and is an estimate of the maximum rate of production which can be obtained at any time and from time to 
time during the heating season of the subject year, estimated to extend about ninety days from January 1, 
without regard to limitations of markets, transportation and processing facilities, Capacity estimates include 
natural gas from reservoirs now being cycled as well as gas from fields which are presently not producing, but 
do not include gas that may be available from underground storage reservoirs. 


? Includes offshore. 


3 Includes Alabama, Arizona, Florida, Iowa, Maryland, Missouri, South Dakota, Tennessee, and Washington. 


Source: Committee on Natural Gas Reserves, American Gas Association; Committee on Productive 
Capacity, American Petroleum Institute 
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Figure 3.—Trends in annual gross additions to natural gas reserves, 
trilloin cubic feet 
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Table 10.—Gas wells and condensate wells in the United States 


Completed Producing Completed Producing 


State during Dec. 31,1966 during Dec. 31, 1967 
1966 1 1967 1 
Alapan T. uu: ͥͥͥ .mmſ ie ee Ten ee eae y p SSS 
eebe E 8 5 19 4 21 
J EENEG 9 2 7 
RSA s aee 0ł!ͤ k 8 56 818 70 909 
California 63 1. 068 72 1,059 
eeh i: To TEE 53 45 
III ⁵ðDꝗi ⁵ĩᷣ b ĩðâ a a a a 3 1 3 
Indiana... ĩõĩ[%] ð ⅛ꝶ,-t k w hte 12 275 5 271 
Kansas um d hr0;o᷑ . 8 130 8, 608 147 8, 603 
Kentucky ekkek‚kk 8 168 6, 020 200 6,215 
FI ³⁰· wr. 500 8,977 465 9,036 
E o EENEG 3 8 13 
Michigan 44 250 26 244 
Mississippi. ...... 2. 2-222 LLL 22 2222222222222. 41 876 15 360 
117i ³ wd ft a a a aa 11. 11 
Montana. ee eee ee eee eee 11 184 22 648 
INCU FRG EE 1 37 
New Mexico... ee eee 342 8,017 257 8,274 
New York eee 19 1,164 13 1,159 
North Dakota 333 A 
Jö T ED OCEAN RP OE OS 236 r3,'790 214 3,865 
Oklahoma. ________.._____._____.___- „„ 561 7,841 443 7,726 
Pennsylvania 306 17, 808 271 17, 700 
Tennesse 1 20 1 
//%%%%—§öé%w kd d ß yy 88 1,170 23,907 952 23, 760 
tah. 4 Se S A A ices ae ĩͤv 8 156 10 
Virginia ͥͥͥ luci ⁰ r ĩð - ʒ aes 104 ee 104 
West Virginia 594 20, 830 384 20, 500 
e e ene ei Sek e ees 51 741 39 749 
OCR ea sc tuy ] ð »- ere yy a as 4,377 r 112,498 3,659 112,321 


r Revised. 
1 From data compiled by the American Association of Petroleum Geologists and American Petroleum In- 


stitute. 


Table 11.—Underground storage statistics, December 31, 1967 
(Million cubic feet at 14.73 psia at 60° F) 


Number Number of Total gas in Total reservoir 


State of pools active wells storage capacity 
reservoirs 

CC ⁰ĩ˙ͤiN ZZZ 7 28 16, 949 23, 182 
/ ³ð Ay y 6 155 114,749 287, 852 
S %%%ã dete ⁰⁰⁰⁰⁰yd eae a 3 38 11,221 22,168 
tee 21 891 222,209 413,584 
Indiana. ke ee m m Lic dE 23 715 49,621 73,125 
ai. m NN MMC PH 204 128,558 167,571 
CJ7J77Eĩõĩ. lots see ͤ ͤ Ku ³»¹-w eee EcL c. 16 745 76,513 103, 428 
Fee 16 625 27, 146 61,493 
õĩ2?0ꝗdꝙũd/ꝙ/.ͤÿ♂·Vt ¼eeſ.tr E 44 59, 129 104, 000 
Maryland; u õĩ]⁰˙.ll!l.ll. LL AC ses 1 53 20, 262 64, 770 
Michigan: L Z ꝶñ cee oes ss F 28 1,960 304, 242 659, 429 
III)); ⁰ ee e S 2 23 5, 564 6,933 
IJ ³˙Wm»ü³a e 1 66 26, 380 45, 000 
MOohtahH- rt ¶⁰yd ⁰ydd 6 168 108, 578 163, 831 
N AAddſſddddddddddddddd € — 1 15 , 888 39,270 
Nei 3 34 2, 405 58, 650 
New Yorke «˙ . y tes EE 15 892 87, 839 110, 330 
I ͥ ³⁰w-w-.rr ĩðé y 8 21 2., 658 329, 923 502, 513 
Oklahomü.. 22.222255 cnv ⁰ 8 11 184 164, 402 308,922 
Pennsylvania em mr . 88 64 2,092 470, 653 695, 543 
/// ³⁰ ³ / 17 170 65, 740 104, 844 
17 ³˙dGd]ſſſſſ0ſ0ꝗ5—(n: 8 1 8 1, 070 1, 160 
Wr y y A ee Ed 1 40 4, 965 25, 000 
West AE Al AAA Beebe soe 35 1,263 324, 563 414,654 
Wyoming oo e oue ⁰ d e Li ed he 2 8 19,988 62,628 
Ir ³ĩð2AA ³ ü ĩðͤĩ au lm 308 13, 079 2, 647, 557 4, 519, 880 


Source: American Gas Association. 
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Table 12.—Natural gas stored underground in and withdrawn from storage fields 
(Million cubic feet) 


1966 
State Total Total 
stored withdrawn 
PT PHONES RES TER E 
"Tu o 007 WEE est 1,259 852 
PG 45, 634 79,417 
PPTP 11,284 2,718 
b l X Q Y. MAG EE one wate ede aman 83 664 
PPP 104,189 84,789 
G 19, 363 20,831 
olor CE LIES AA 43,587 45,909 
T. ˙ A RIIE SEREI 43,887 43,189 
een, beer 22,718 27,332 
eee 31,240 2,303 
ee , . Moumddsae 
. ͤ U U AAwVww.. ]ð⅛¾ A . am aia nx 
PPP ³˙ Q 244, 103 214,456 
/ AA AA 3, 930 3,8 
M MF ͤ ( ee ae dd 8,034 8,287 
TTT AA ARO ET 19,812 6,610 
. A ua rai a EE 4,246 3,487 
0 OOO 3 
Ce e REH EE 586 738 
Cd EEN 36,553 41,504 
PTC. NL, Mn RAO 132,647 133,822 
DEDE A ˙ ee eo 33,836 23,527 
Ge T G u, u S n M add hoic 201, 827 210, 732 
RS ite A T „012 3,456 
PPV 1,018 1,154 
Lu, EEN 104 148 
CCC ( R 
CC 156,731 159, 249 
.,, nce eege 198 46 
C EC EE 8,270 2,586 
PPP 1,210,469 1, 141, 614 
1,400 
1,300 
JÀ Withdrawn from storage 
1,200 — 
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Figure 4.—Trends in net gas stored underground in U.S. storage fields. 
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Table 13.—Gross withdrawals and disposition of natural gas in the United States 


(Million cubic feet at 14.73 psi) 


Gross withdrawals 


State From gas 
wells 1 
1966: 
Alaska. 28,441 
Arkansas 63, 100 
California 263, 163 
Colorado 134, 065 
Illinois 8,090 
Indiana 130 
Kansas. 821, 960 
Kentueky.. . 76,43 
Louisiana 4, 168, 820 
Maryland 696 
Michigan. 26, 868 
Mississippi 148, 005 
Montana 28,730 
Nebraska --------- 10,096 
New Mexico 684,710 
New York 2,659 
North Dakota. ........ 430 
Ohio... A ee See 36,156 
Oklahoma 1,051,593 
Pennsylvania 90, 
Texas 5, 784, 515 
Ul! AA ese 27, 32 
Virginia 4, 249 
West Virginia 210, 060 
Wyoming 225, 238 
Other States 5. 2, 668 
Totdl-2: vc See 13,893,921 
1967: 
Alaska 42, 688 
Arkansag. -.----------- 81,491 
California 287, 681 
Colorado- .-_---------- 89,866 
Illinois 1, 630 
Indians 8 106 
Kansas. 730, 762 
Kentuck )))) 88,817 
Louisiana. 5, 070, 825 
Maryland............- 621 
Michigan 22,709 
Mississippi. . . 139, 608 
Montana 10, 308 
Nebraska .--------- 6,180 
New Mexico. .......... 114,007 
New York ------ 3,740 
North Dakota 265 
Gio ee 34,291 
Oklahoma 1, 133, 163 
Pennsylvania 89, 75 
// ˖•˙ AAA 6, 280, 148 
BN EE EE 21,685 
Virginia 3, 
West Virginia 209, 545 
Wyoming 221, 850 
Other States 555. 1,298 
Total. 2 22 inuuna 15,846,853 


From oil 
wells ! 


13,879 


2,150,348 


41,758 
1,068 


23,129 


5,139,918 19,033,839 


Total 2 


42,320 


3,736 


Marketed 


11,267 


17, 206, 628 


14,438 
116,522 


4,904,923 20,251,776 18,171,325 


production 3 Repressuring 


1 Estimated from the Bureau of Mines annual Supply and Distribution Natural Gas Survey. 
2 Marketed production plus quantities used in repressuring, vented and flared. 
3 Comprises gas sold or consumed by producers, including gas loss due to natural gas liquids recovery, losses 
in transmission, quantities added to storage, and increase of gas in pipelines. 
4 Partly estimated; included direct losses on producing properties and residue blown to the air. 


5 Alab 


ama, Arizona, Florida, Missouri, South Dakota, and Tennessee. 


Disposition 
Vented 
and 

flared ‘4 
28,613 2,440 
15,196 1,209 
181,871 5, 782 
14,073 4,078 
Ecg 230 
EES 42 
1,689 2,586 
EE 25 
182,734 101, 108 
B 8,353 516 
36,491 14,437 
320 5,048 
1,100 23 
2,175 5,302 
nn 27,721 
EE 220 
61,132 89,206 
85 . 98 
871,427 109,646 
,486 1,925 
D 794 6 
19,751 3,864 

2 8 
1,451,516 375,695 
39,989 11,390 
10,010 997 
176,675 3,565 
8,501 2,656 
. 126 
ig 1,752 2.630 
208,719 161, 849 
— 7,642 1,861 
34,714 7,098 
7722 5,022 

1.629- 2:5. 
1,508 5,992 
. 25,795 
81,755 126, 629 
815 see 
973,206 129, 403 

26, 319 e 

e 630 ........ 
16,393 1,498 
35 360 
1,590,574 489,877 
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Table 14.—Marketed production of natural gas by countries ! at 60° F. (15.56? C.) and 
normal atmospheric pressure ? 


(Million cubic feet) 


Country ! 1963 1964 1965 1966 1967 P 
North America: 
Barbados 102 NA 
anada__ . . . . . ⁵¼ͥU 8 1,111,478 1,827,664 1,442,448 1, 341, 888 1,465,372 
J/é»éb EEE E E 05,944 234,636 249,844 255,128 275, 502 
Trinidad.. 29, 365 38,452 41,456 53,406 7,0 
United States 14,666,559 15,462,143 16,039,753 17,206,628 18,171,325 
South America: 
Aen. uses 125,254 136,795 149,111 e 160,000 e 172,000 
Bolivia. cereo E ,853 „145 458 ; 3,508 
d a ucu mt 8 20,051 18,777 24,125 27,844 80,888 
lll 8 67, 800 63, 000 61,000 55,800 e 54,000 
Colombia... ... ... — 17,243 26,919 31,738 35,922 NA 
OP ot A ee u m e 15,000 15,501 14,978 e 15,000 21,975 
e Venezuela... 217,819 237,419 249,815 263,894 292,651 
urope: 
UNCCId EEN 59,998 62,289 60,872 66,163 63,468 
Czechoslovakia. 35, 243 32, 842 30,017 50,000 e 50,000 
PANOO.. o. EE 171,664 179,751 178,268 182,258 196,455 
Germany, Weat . ----- 45,732 69,322 98,104 119,646 153,194 
Hungary 3._ cs .. 21,590 27, 702 89,128 54,843 72,183 
e . a 256, 666 271,357 275, 524 310, 626 330, 791 
Netherlands 18, 964 27,015 57,244 117, 878 253, 731 
Poland £... u z. l USOS 83,372 41,706 46,333 45,556 e 52,000 
Rumania 356,711 403, 186 454, 39 497, 196 559, 525 
VSS: EE 3,231, 277 3, 891, 658 4, 569, 696 5, 110, 008 5, 600, 880 
United Kingdom 20 200 44 12 16, 527 
m Yugoslavia.............-.....-- 6,745 9,676 11,653 14,196 16,313 
rica: 
e ²˙·⸗AAA A Ds 13,914 28,569 64,943 72,712 76, 209 
BDOlR- s dece ci a e err E 318 318 388 888 600 
Morocco 412 412 402 389 379 
RTE TEE 1,059 1,766 3,531 6,357 e 6,000 
unb... ceu .. . . ..........- r 253 277 290 296 828 
BCE Ch EE EE %6 
NEEN 1,800 1,800 1,800 2,000 2,000 
Brunů e 7,390 6, 460 7, 870 10, 000 e 14,000 
, et oe SU ne 597 NA NA NA NA 
I... 88 5, 000 5, 000 5, 300 5, 700 16,439 
Indonesia 11, 000 13, 000 13, 000 13, 000 13, 000 
IC NEES 40, 884 42,102 43,423 48,957 51,784 
Ee WEE e 11,500 13,500 12,900 21,419 e 23,000 
e E EA N 347 1, 069 2, 559 3,371 3,859 
E TEEN 59,845 65,640 62,861 64,509 66,734 
Kuwait... mt 88 53, 532 57,761 63, 356 66, 200 e 70, 000 
Kuwait-Saudi Arabia Neutral 
f oe ae ta 6,000 7,500 8,000 8,300 8,500 
Pakistan 49, 459 59, 100 66, 194 76, 000 e 85,000 
Rb EEGEN 8,092 2,789 2,850 e 2,900 e 3,000 
Saudi Arabig -------- e 82,000 86,072 86,331 e 40,000 e 45,000 
TT els ace he deere 1,789 5,982 10,932 15,507 18,616 
Oceania: 
Australia...........-.- Ls s ~~. 96 106 144 143 152 
New Zealand 5 5 5 4 4 
Total uu Stel a bee eee 21,018,948 22,931,477 24,536,581 26,445,895 28, 384, 031 


e Estimate. 
! Natural 

2 Compil 

3 Including gas for repressuring. 
* 'Total is of listed fi 


P Preliminary. 
as is 


NA Not available. 
roduced in mainland China and other countries, but data are not available. 
mostly from data available July 1968. 


res only; no undisclosed data included. 


NOTE: The data relate, as far as possible, to natural gas acually collected and utilized as fuel or raw ma- 


terial. They exclude gas used for repressuring (except where otherwise noted), as well as 


as flared, vented, 


or otherwise wasted, whether or not it has first been processed for the extraction of natural gas liquids. Data 
for countries reporting in cubic meters have been converted using the standard factor of 35.8145 cubic feet 
per cubic meter. This is a change from the previous policy of using a factor reflecting differences in pressure and 
temperature conditions. This explains many of the revisions on this table. 
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Natural Gas Liquids 


By William B. Harper and Leonard L. Fanelli’ 


Reflecting the continued growth in the 
demand for natural gas, production of 
natural gas liquids in 1967 totaled 21,607 
million gallons, exceeding the production 
of the preceding year by 9.8 percent and 
establishing a new peak. The total value 
was $1,179,936,000, an increase of 132.6 
million or 12.7 percent, over 1966 values. 
The average value per gallon produced 
was 5.5 cents as compared with 5.3 cents 
in 1966. 

Natural gas liquids are products ob- 
tained from natural gasoline plants, cycling 
plants, and fractionators after separating 
the natural gas. Included in these products 
are ethane, the liquefied petroleum (LP) 
gases (propane, butane, and propane- 
butane mixtures), isobutane, and other 
mixed gases. Also included in the output 
of these plants are natural gasolines, plant 
condensate, and finished products such as 
gasoline, special napthas, jet fuel, kerosine, 
distillate fuel oil, and other finished 
products. 

Shipments from plants and refineries of 
liquefied petroleum gases and ethane for 
fuel and chemical uses totaled 14,440.7 
milion gallons in 1967, an increases of 
6.7 percent for the year. Natural gas 
liquids used as blending material in motor 
fuel (excluding finished gasoline and 
naphtha) totaled 10,302.7 million gallons 
in 1967 compared with 9,886.3 million in 
1966, a gain of 4.2 percent. 

These data presented in this chapter 
are compiled from reports submitted by 
natural gasoline plants, cycling plants, 
and fractionators that handle natural gas 
liquids, and include all natural gas liquids 
except the small volume recovered at 
pipeline compressor stations and gas 
dehydration plants. Such recovery is con- 
sidered to be of little significance in the 
national and State totals. Plant condensate 
is included in the category of natural gas 
liquids. Field condensate, however, is 
reported with crude oil and is excluded 


from the total for natural gas liquids. 
Liquefied refinery (LR) gases and ethane 
produced at petroleum refineries are not 
natural gas liquids, but to obtain complete 
data on distribution of liquefied gases, 
tables are included in this chapter cover- 
ing the production and stocks of liquefied 
refinery gases. 

Annual reports were received from all 
producers and distributors and from most 
of the dealers that sell more than 100,000 
gallons of LP gases annually. To reflect 
total shipments, the sample of dealer ship- 
ments was expanded by Petroleum Ad- 
ministration for Defense (PAD) districts 
on the basis of domestic demand in the 
districts. 

Data on shipments of liquefied petro- 
leum gases, normally reported in this 
chapter, were not available at the time 
of publication and will be published in 
the Mineral Industry Survey “Liquefied 
Petroleum Gas Shipments, Annual,” 
“Shipments of Liquefied Petroleum Gases 
and Ethane in 1967.” 

For the purpose of this chapter, liquefied 
gases and ethane, whether obtained from 
natural gas or from processing in refineries, 
are defined as follows: 

Ethane.—Includes ethane only. All 
other LP gases mixed with ethane are 
reported in their respective product classi- 
fication. 

Propane.— Includes all products covered 


by Natural Gas Processors Association 
(NGPA) specifications for commercial 
propane. 


Butane-propane.—Includes all products 
covered by NGPA specifications for com- 
merical butane propane mixtures. 

Butane.—Includes all products covered 
by NGPA specifications for commercial 
butane, except those that contain 60 per- 
cent or more isobutane. 


1Mineral specialist, Division of Mineral 
Studies. 
2 Survey statistician, Division of Statistics. 
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Isobutane.—Includes all products 
covered by NGPA specifications for com- 
merical butane that contains 60 percent 
or more isobutane. 


Other Mixtures of Liquefied Petroleum 
Gases.—Includes mixtures that cannot be 
classified within the five classifications 
mentioned, such as mixtures containing 
less than 50 percent ethane but more than 
50 percent propane and butane. 

Isopentane.—Includes segregated isopen- 
tane. 

Natural Gasoline.—Breakdown by vari- 
ous Reid vapor pressure classifications in- 
dicated. 

Plant Condensate.—Includes condensate, 
raw or deenthanized stream. 

Gasoline.—Includes all products within 
the gasoline range for shipment as motor 
or aviation fuel. 

Special Naphtha.—Includes all hexanes 
and heptanes. 

Jet Fuel.—Includes all aviation turbine 
engine fuel for both military and com- 
mercial use. 

Kerosine.—Includes all grades of kero- 
sine or range oil. 

Distillate Fuel Oil.—Includes all light 
oils for shipment as fuel. 

Other Products.—All 
otherwise classified. 

Production of natural gas liquids is 
reported by States, although data for 
Louisiana and Texas are also reported 
by districts. 

Louisiana is divided into an Inland 
district and a Gulf Coast district. The 
Gulf Coast district includes Veron, Rapides, 
Avoyelles, Pointe Coupee, West Feliciana, 
East Feliciana, Tangipahoa, St. Helena, 
and Washington Parishes (counties), and 
all parishes in the State south of these. 
All parishes not included in the Gulf Coast 
district are in the Inland district. 

The Bureau of Mines producing districts 
in Texas correspond, with one exception, 
to grouping of the Texas Railroad Com- 
mission districts: 


Bureau of Mines districts 
Railroad Commission districts 


products not 


Gulf Coast. Nos. 2 and 3 
West Texas Nos. 7C, 8 and 8A 
East Proper Part of No. 6 (East Texas 


field in Cherokee, Smith, 
Upshur, Rush, and 
Gregg Counties) 


Pan handle No. 10 

Rest of State: 
NortLnn `: Nos. 7B and 9 
Central......... No. 1 


South. .......... No. 4 
Other East Texas. Nos. 5 and 6 (exclusive 
of East Proper) 
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Refineries are also grouped by the 
Bureau of Mines into a set of refining 
districts. These refining districts may be 
combined to correspond with the Petro- 
leum Administration for Defense districts 
(PAD districts). 


PAD district Refining district 

1.—East Coast District of Columbia, 
Maine, New Hampshire, Vermont, 
Massachusetts, Rhode Island, Con- 
necticut, New Jersey, Delaware, 
Maryland, Virginia, North Carolina, 
South Carolina, Georgia, Florida, 
the following counties of New 
York: Cayuga, Tompkins, Che- 
mung, and all counties east and 
north thereof, and the following 
counties of Pennsylvania: Brad- 
ford, Sullivan, Columbia, Montour, 
Northumberland, Dauphin, York, 
and all counties east thereof. 

1.—Appalachian No. 1—West Virginia 
and those parts of Pennsylvania 
and New York not included in the 
East Coast district. 

2.—Appalachian No. 2—The following 
counties of Ohio: Erie, Huron, 
Crawford, Marion, Delaware, 
Franklin, Pickaway, Ross, Pike, 
Scioto, and all counties east thereof. 

2.—Indiana-Illinots-Kentucky—Indiana, 
Illinois, Kentucky, Tennessee, Mich- 
igan, and that part of Ohio not 
included in the Appalachian dis- 
trict. 

2.—Oklahoma-Kansas-Mtssourt — Okla- 
homa, Kansas, Missouri, Nebraska, 
and Iowa. 

2.—Minnesota-Wisconsin-North Dakota- 
South Dakota Minnesota, Wiscon- 
sin, North Dakota, and South 
Dakota. 

3.—Texas Inland—Texas, except Texas 
Gulf Coast district. 

3.—Texas Gulf Coast—The following 
counties of Texas: Newton, Orange, 


Jefferson, Jasper, Tyler, Hardin, 
Liberty, Chambers, Polk, San 
Jacinto, Montgomery, Galveston, 


Waller, Fort Bend, Brazoria, Whar- 
ton, Harris, Matagorda, Jackson, 
Victoria, Calhoun, Refugio, Aran- 
sas, San Patricio, Nueces, Kelberg, 
Kenedy, Willacy, and Cameron. 
3.—Louisiana Gulf. Coast The follow- 
ing parishes of Louisiana: Vernon, 
Rapides, Avoyelles, Pointe Coupee, 
West  Feliciana, East  Feliciana, 
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Tangipahoa, St. Helena, Washing- 
ton, and all parishes south thereof; 
the following counties of Missis- 
sippi: Pearl River, Stone, George 
Hancock, Harrison, and Jackson; 
and Mobile and Baldwin Counties, 
Alabama. 

3.—North Louitsiana-Arkansas—Arkan- 
sas and those parts of Louisiana, 
Mississippi, and Alabama not in- 
cluded in the Louisiana Gulf Coast 
district. 

3.—New Mexico—New Mexico. 


4.—Rocky Mountains—Montana, Idaho, 
Wyoming, Utah, and Colorado. 

5.—West Coast—Washington, Oregon, 
California, Nevada, Alaska, Arizona, 
and Hawaii. 

Some data in the chapter are based on 
the Bureau of Mines refining districts, 
while others refer to the PAD districts. 
Maps showing the PAD and Bureau of 
Mines refining districts appear in figure 2 
of the Crude Petroleum and Petroleum 
Products chapter of this volume. 


221 209 13 22L'289'6I 


——— 


959 993 ot 100269 6 207 208 01 892'988'6 718 8801 895 661 


MINERALS YEARBOOK, 1967 


184 


888 Dr 99 8 919 "777777 688 2 GEN LIZ‘ bY 811999 1830, 
687.99 Ien eg 777 7 7 70700000077 295 981 — T69' 99 952.18 )) 8 12430 
113.91 ——A9 —xv——wÿA 0700000777 293 — LO? 626,71 496% )) 8 lto jen aan 
911.87 C. 8 692'9 She's 228.79 98889 )) 8 9utS019 J 
119.1 Logis m—U——r ! 7000000077 892 296— 626, J Sob See len] yer 
21 8 0 e 18 — 102 — 15212 008.7 ) 8 sey ydeu [eroodg 
618 ‘608 88 | 77777 7 7777 7777777777 L62'*— 29 280 908 „ E s= auljoses pəustulsN 
3494390 pug pəustuLI 
FCC E M v92'699'1 198.027 J 603 93 051. 1— 81,569, (tegt "TTT TT" C 9ysuəpuoo qusld 
F 3288 be Iss 0659 IFS— 39888 — lr sel 6909 % ù//c/h;ͥ x œ᷑ĩ?]?]˙l: 120. 
d DOMUS OSg'GPP'Il  IST/298'T 130, 1 94,9'91— 10, 08 1 9gg'Ipg8'[ 7777777777700 spunod 92 449 
))) ee pant ne 968 868 987.988 9288 — 896 7 097. L88 688,888 "77777777777 spunod gg Zufpnbuf spunod 3g 440 
C 899,221 STS‘ TOT 06 — 91— 895,181 009, TOT ...... spunod gg 3utpnbut spunod 81 440 
eee E Leg 889 L8L‘ LES 68 26L— 969' 889 966 98S "7777777777777 spunod 81 3ulpniout spunod yT 1940 
NEE 218,081. 210,288 428 890.1 — 090,082, 759618 . - 8punod yT Zurpnput spunod CT 4% 
C LO OY YS 097 988 Z 262 5 PLL‘ 2 — 99g'bPb'a  9L9'810'8 ng el pue spunod ZT 
8 ulos u [BINIBN 
„ß 008,931. 091,01, 089 06 — 088,981, OLO' SOT, TTT" -eusQuedosT 
8L0'808'8: 880988 L 900'888'2 936 528 2 890586 898 ‘SLT GEI ger 938588 0 ᷣ PDD enn nee eens 104. 
FFF 979 961 1 278.060 1 56262 093.82 051.928˙1I[ 869,8I[I[TTTLTDLDw.r. əuse)nqosI 
vI6 teg  9IO' PD 8579 121 ggg get  — 992 .9— 593,01 Log eng  329‘399, angxiu euedosd-oueyng 
598.288. 1 500891 286,877 1 869 89 1 Lë eng $92/69— 899 0 zl € 5 2 76•ům—mU U 2 dung 
os 868 ' 9 210 ˙696˙3 08998 989 III 657 099 LTO'S0c 68 081 T 999 La Hh „7 əusdoiq 
Sage? urno[o1jed pəgənbrI 
Org'SIG'I  vS8'L6T'T 777 77777777 SL0 LZ TL Sg 31. ig 890'000'T nnn 777777 uey 
:Sptnbi] Ses j mas N 
2961 9961 2961 9961 2961 9961 2961 9961 
əsn [eorurouo pus J[yonpo.dg 
Jenj Jo} Sjueuiditus SƏLIƏGUƏ9: 01 SƏLIƏA1]Ə(GT 8312038 UI aZusyo 39 N uotjonpoJq 
(suol[e3 pussnou,L) 


sowei Domm ou) ur sos d AJOUYOI payonby pus spmbi sv? [enjeu jo sjuouldiys pue ‘asuvyd -e “'uononpoid— 1 9mqe . 


785 


NATURAL GAS LIQUIDS 


2961 ut suollg83 puesnou? Q^I'gTy PUL 9961 ut poi, sem sSuol[[e3 pussnoq? 889“0FF uontppe UI r 


3889 888 Fl SLG6'ILO'PI 30“. 208 01 S92'988'6 2199011 989 981 988 088 98 88 PI vB spnpoid je [e30 ], 

V69 OFF FI 098'809'81 900.888.  926'2.8'2  SL8'LLO'T 591. 512 929, to gt 09F'969'9I "99863 umeo[orjod poyenbi[ pue əuvu3ə [870 L 

916 919 f DLE FLY LS EE 86L 99 818 81— VIL 889 f 99ST I p ^ soses Alouyal pəuənbll [830 L 

0F9 099 1 08s 889 777777777 77770007077 288 — 09L'IL- 892˙679˙1I 09 08ůovmm hh ao, 

529.99 092.92 HOD CA s s 58 — 921— 06$ 99 581.95 VCC 8 ougjnqos[ 

904 $66 ko 686  — 1 5 777777 E CR — 90L 862 POP GË. 0 TOS Resse Sas ee əmrmxttur ougdoud-ouejng 

909 937 88993 — 7 509 — 709 996535 SE, uli “οj˖minꝗ 

006 F O9 6L | ^" 77 7777777777 562 — 599 1— 909 ‘PLL e ee re ne ee a aua|Adoid-ousdolg 
:89892 payenbry 

098 96€ g90 888 77777000077 35 — 958 91 — 818962 „ ..... enge əuə[Ku1ə-əusq1 

:82038p99] [gSo°turəouoo d 10, 

9.0 TILL $ 269 Ol ̃ 7777777777 077000000077 299 19 98181 SEL 888 Z OBL 889g hh 5 1830 L 

————— 00000000080 — — —— — — — — 0 ccc--c--2 — — — — . pce 3737. ounandosI 

299 : 891 866 à DII. Ree cum 911 F 812. I— 899 291 OIL ; OT ee qu as s ass ərnjyxtur əusdoid-əus)ng 

616 80v. CUS 860, MARGE EMT eT 026 LI 096 9— 261.927 eege euo[43nq-euejng 

819 802 2 287 960 % ^ ^77 928 97 999 61 , e renee S Meme ee aua[Adoid-susdoig 


sjanj 10g 
"Sage? Arougol pəgənbrI 


786 


MINERALS YEARBOOK, 1967 


DOMESTIC PRODUCTION 


The upward trend in production of 
natural gas liquids, which began in 1959, 
was even more pronounced in 1967. Pro- 
duction of natural gas liquids and ethane 
at natural gas processing plants in the 
United States totaled 21,607 million gal- 
Jons, topping production of the preceding 
year by 1,924 million gallons, an increase 
of 9.8 percent. By way of comparison, the 
1966 production was greater than that 
for 1965 by 1,137 million gallons, an in- 
crease of slightly over 6 percent. The 
production of the liquefield petroleum gases 
and ethane has been increasing at a faster 


30,000 


MILLION GALLONS 


— 


— TESI 
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rate than that of natural gasoline. 

Strong demand and improved processing 
methods have encouraged efforts to maxi- 
mize yields of the liquefied petroleum 
gases and the ethane as well as the finished 
products from the gas stream. 

Propane, which represented 58.6 per- 
cent of the liquefied petroleum gases pro- 
duced in 1967, amounted to 7,130 million 
gallons, an increase of 13.6 percent over 
the preceding year's total. Ethane pro- 


duction amounted to 1,543 million gallons 
in 1967—293 million gallons, or 23.4 per- 
cent more than in 1966. 


Figure 1.—Production of natural gas liquids in the United States. 


RESERVES AND CAPACITY 


Proved reserves of natural gas liquids 
in the United States totaled 8,614 million 
barrels as of December 31, 1967, according 
to estimates of the Committee on Natural 
Gas Reserves of the American Gas Associa- 
tion (AGA). Compared with 1966 levels, 
this was a net increase in reserves of 285 
million barrels. Although there were net 
decreases in the reserves of 14 of the 21 
States that are reported by the Committee, 
the sum of these decreases was much less 
than the extraordinary gain of 325 million 
barrels of natural gas liquids in Louisiana's 


proved reserves. In addition, Kansas had 
a substantial gain, and smaller gains occur- 
red in a few other States. The principal 
declines were in California and Oklahoma. 

The Committee also, estimated that the 
daily productive capacity of the natural 
gas liquids industry in the United States, 
as of December 31, 1967, was 132,552,000 
gallons. Since natural gas liquids become 
avalable solely by separation from the 
produced natural gas, their rate of avail- 
ability depends on the rate of production 
of gas from crude oil or natural gas 
reservoirs. 
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DEMAND AND USES 


Demand for natural gas liquid at plants 
and terminals in 1967 was 20,568 million 
gallons, compared with 19,483 million gal- 
lons in 1966; one-half of the total was 
directed to refineries for use in gasoline 
blending. Shipments of natural gas liquids 
for blending totaled 10,303 million gallons 
in 1967 as compared with 9,886 million 
in 1966. 

Shipments of ethane for use primarily 
in the manufacture of chemicals totaled 
1,515.6 million gallons in 1967, which was 
26.6 percent greater than in the preceding 


year. Shipments of the liquefied petroleum 
gases including propane, butane, and iso- 
butane for fuel and chemical use were 
8,308 million gallons. In addition, 442 mil- 
lion gallons of other finished products was 
shipped from natural gas processing plants 
during 1967. Finished gasoline represented 
70 percent (or 309.3 million gallons) of 
those products. The other products (in 
million gallons) were special naphthas, 
2.3; jet fuel, 1.7; kerosine, 48.1; distillate 
fuel oil, 15.2; and other miscellaneous 


products, 65.2. 


PRICES AND VALUE 


The total value at the plant for natural 
gas liquids and ethane in 1967 was 
$1,179.9 million, or an average of 5.5 
cents per gallon. Table 11 shows the pro- 
duction value, and average value per gal- 
lon for the various natural gas liquids 


products in 1966 and 1967. The increasing 
demand of the petrochemical industry for 
natural gas liquids for use as feedstocks 
is reflected in the rise in market prices as 
shown in table 12. 


STOCKS 


The stocks of natural gas liquids and 
ethane at the end of 1967 totaled 2.76 
billion gallons, which was 1.06 billion 
gallons, or 62.6 percent greater than the 
stocks on hand at yearend 1966. Most of 
this increase was in the inventories of bu- 
tane and propane, both of which were at 
the highest levels on record. 

Part of this rise reflected the expansion 
in natural gas processing capacity which 
has resulted in production of larger 
volumes of propane, n-butane, isobutane, 
and butane and propane mixtures. Another 
important factor was technological devel- 
opments in refinery processes, which had 
a decided impact on supply and demand 
patterns for natural gas liquids. 

The largest market for butane and iso- 
butane is in gasoline blending, and the 
natural gas processing plants are the 
principal source of supply for refineries. 
But both the hydrocracking process and 
the catalytic reforming processes used at 
refineries yield propane, n-butane, and 
isobutane; hence, as capacity for hydro- 


cracking grows so will the refinery pro- 
duction of some of the natural gas liquids 
used for upgrading gasoline. Hydrocracking 
on a modest scale began in 1960. By 1967 
(March) there were 20 units operating in 
the United States with a total capacity of 
270,000 barrels-per-stream day. It is esti- 
mated that hydrocracking capacity will 
reach 585,000 barrels-per-stream day by 
the end of 1968. “Barrels per stream day” 
refers to the throughput or output of a 
unit operating for a full day with no allow- 
ance for downtime; that is, when a 
unit is shut down for repairs and 
maintenance. 

Underground storage of natural gas 
liquids continued to expand in 1967. At 
yearend, 1,465 million gallons of liquefied 
gases was in underground storage, an in- 
crease of 350 million gallons, or 31.4 per- 
cent, for the year. Over 59 percent of the 
stocks of LP gases and ethane were held 
in underground storage facilities as of 
December 1967. 
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Table 2.—Estimated proved recoverable reserves of natural gas liquids 1 in the 
United States 


(Thousand barrels) 
Changes in reserves Reserves as of 
during 1967 December 81, 1967 
Reserves 
State as of Exten- Dis- 
Dec. 31, sions coveries Net Non- 
1966 and of new pro- associated Associated- Total 
revi- fields duction with oil dissolved 
sions? and new 
pools 

Arkansas. ...............- 16,174 (79) x 1,521 9,477 5,097 14,574 
California 3... 242,163 (845) 350 23,066 9,081 209,521 218,602 
Colorado 25, 647 (418) 18 2, 327 5,208 17,717 22,920 
Illinois 2, 870 (112) 3 468 3 2, 295 2,298 
Indiana 63 4 5 13 9 50 59 
Kansas 256,848 32, 615 695 18,206 262, 779 9,178 271,952 
Kentuck / 94 2,032 1,016 3,704 351,638  ......... 51,638 
Louisiana 2,282,394 482,676 27,885 185,217 2, 195, 735 411,458 2, 607, 188 
Michigan 4,041 (76) 479 900 „461 „08 : 
Mississippi. ..............- 17,015 2.192-. zu 1,895 12,186 5,126 17,812 
Montana 10, 638 66° — 948 , 189 7,617 9,75 
Nebraska................- 2,474 887  ....... 595 1,211 1,055 2,266 
New Mexico 559,788 40,411 1,844 46,336 391, 308 164, 894 555, 702 
North Dakota 66,974 (15) ᷣ2 2,6828282 64, 277 64,277 
AA 3420 ⁵ĩðͤK 8 1,298 (600) ....... po WË 582 
Oklahoma. ..............- 475,605 14,726 6,765 41,843 296,653 159,100 455, 753 
Pennsylvania // ͤ ees 73 1.102 eee S. 1,162 
Terai EE 4,101,622 242,242 57,878 298,747 2,205,917 1,897,078 4,102,995 
Utah se ee 708 1,964 ....... ,924 776 41,972 „748 
West Virginia 80, 760 5,017 2, 509 6,624 481,662 ......... 81,662 
Wyoming 86,865 8,650 24 7,798 47,556 39, 685 87,241 

Dees! 8,828,966 880,887 98,921 644,498 5,575,956 3,038,275 8,614,231 


1 Comprises natural gasoline, Lp gases, and condensate. 

2 Parenthesis denotes decrease. 

s Includes offshore reserves. 

Not allocated by types but occurring principally in column shown. 


Source: Committee on Natural Gas Reserves, American Gas Association. 


Table 3.—Estimated productive capacity of natural gas liquids in the United States, 
December 31, 1967 


(Thousand barrels per day) 
Productive capacity Productive capacity 
State Non- Asso- State Non- Asso- ' 
asso- ciated Total asso- ciated Total 
ciated or ciated or E 
dissolved dissolved 
C 4 2 6 Nebraska. 1 1 2 
California 2zq .. 4 73 77 ew Mexico 89 81 170 
Colorado 2 6 8 North Dakota 
Illinois.. 1 Oklahoma 10 174 
DENS. te 180 18 193 Texas 2222222. 853 596 1,449 
Kentucky............ 13333 13 f te. chee 
Louisiana ?........... 860 122 982 "West Virginia......... 2L mg 21 
Michigan 2 8 2 5 Wyoming 21 9 30 
Mississippi 5 2 7 — — — 
Montana 1 2 3 Total 2,168 998 8,156 


1 The productive capacity of natural gas liquids is defined as the amount of hydrocarbon liquids that would 
be produced coincident with the estimated productive capacity of natural gas based on unit recoveries at 
normal producing rates. Such estimated capacities are not limited by lack of capacity of processing plants or 
other surface facilities and it is emphasized that adequate facilities would be required to effect the recovery 
of liquids from the natural gas produced at these rates. It should also be recognized that such facilities cannot 
be enlarged quickly. Therefore, the estimated natural gas liquid capacities, which relate to increased pro- 
duction of gas from oil and gas wells operating at their productive capacities, are theoretical. In the event of 
an emergency requiring capacity production of hydrocarbon liquids, both oil and natural gas liquids, the ca- 
pacities of existing processing plants would limit the amount of natural gas liquid capacity realized. 


2 Includes offshore. 
Source: Committee on National Gas Reserves, American Gas Association. 
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Table 9.—Liquefied petroleum gas and ethane (LR gas) produced at refineries for fuel 
and chemical use in 1967 


(Thousand gallons) 


Butane- 
States by petroleum district Propane Butane propane Total 
mixture 
District 1: 

East Coaett LL. 552,006 67,620 546 620,172 
West New vork -2200an 21,462 420 21,882 
PF EE 5B LL ZS 5,586 
N e uoc ieee ele elena! piu i. Seton Muhu. uuo LAE 

T'ot8|- EENEG 579,054 68,040 546 647,640 
District 2: MM 

UE REN ee a a a RR REPRE T 208,950 148100 223, 566 
(KL Kr EES 54,096 8,106 ......... 62,202 
, e . er si a S s 140,028 6,930 84 147,042 
KGNtucky ß 34,776 259822 3 37,758 
Mie ere) s Bh a an SEE es eater 55,356 4 158 ¿o Su 59,514 
Minnesota . 53, 046 1,386 10,500 64,932 
. 8 186, 606 17302 2252 187,908 
Oklahhomnmaannakd 124, 866 44, 856 64,260 233,982 

TOUR) ² eo need: usce ia Kcd ee Spe Let 857,724 84,336 14,844 1,016,904 
District 3: 

P ͥͤQ—— Ded eeu EE te eiie 24,654 9 912 34, 566 
Louisiana: 

/) IO EE uw escent ee 414,918 60, 480 123,942 599,340 
F. EE REN 11,466 7,728 1,092 20,286 
OUR th ou A 8 426,384 68,208 125,034 619,626 

Mississippi 3_____._______.__._.____________-- 62,958 4,662 2,604 70,224 
New Mexieo 2 222222 aa aaan 5,922 4,452 1,176 11,550 
Texas: 

EC ß ⁊ coe 911,778 436,128 130,704 1,478,610 
Inland... e dd c UU mcd 106,302 55,104 210 161,616 
js MECH 1,018,080 491,232 130,914 1,640,226 
J;ö˙ö*—ĩ⁵ 8 1,537,998 578, 466 259, 728 2,376, 192 
District 4: 

Ge EE 5,838 8,694 c. . ue 14,532 
Montana 22 ee 11,256 3,9900 15, 246 
Utah... .... Oe A Miura en Sete eer 21,000 9.198: 22h 30,198 
WYOMING ee ee i ĩðâ2 8 7,140 21.942. zn 94,482 

OCA sae est %˙Ü¹-¹·ãu-.ü/ 45,234 49,224  ........- 94,458 
ET of E EES 304, 752 126 ,294 117,474 548 ,520 
Total United States 43,324,762 5 906,360 452 , 592 4,683,714 


1 Excludes Pennsylvania. 

2 Missouri, Nebraska, North Dakota, Tennessee, and Wisconsin included with Minnesota. 
3 Alabama included with Mississippi. 

4 Includes 295,218 thousand gallons of ethane. 

5 Includes 56,490 thousand gallons of isobutane used for petrochemical feedstock. 


Table 10.—Values and volumes of natural gas liquids and ethane produced in the 
United States 


Thousand gallons Per- Thousand dollars Per- Cents per Per- 
— .. eent — !.̃ĩ V cent gallon cent 
1966 1967 change 1966 1967 change ——— change 
1966 1967 


LP gases and 


ethane 12,134,294 13,717,861 +13.1 527,223 632,994 +20.1 4.3 4.6 77.0 
Natural gasoline 
and isopentane... 5, 564, 139 5,850,271 ＋5.1 366,332 389,156 +6.2 6.6 6.7 +1.5 
Plant condensate... 1,419,111 1,594,773 +12.4 107,292 119,943 +11.8 7.6 7.5 —1.3 
Finished gasoline 
and naphthas. ... 380,135 307,268 — 19.2 33,380 28,044 —16.0 8.8 9.1 +3.4 
Other products..... 185,043 136,954 — 26.0 13,134 9,799 —25.4 7.1 7.2 4741.4 
Total....... 19,682,722 21,607,122 +9.8 1,047,361 1,179,936 +12.7 5.3 5.5 +83.8 
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Table 11.—Average monthly prices, liquefied petroleum gas (propane) in the United States ! 
(Cents per gallon) 


January February March April May June July 
New York Harbor: 
LEE 8.13 8.13 8.13 8.13 8.13 8.14 8.25 
1967. es oe ei 9.21 9.25 9.25 9.25 9.25 9.10 8.75 
Oklahoma: 
193k ee ebe 5.00 5.00 5.00 5.00 5.00 5.00 5.00 
II/ 8 5. 94 6.00 6.00 6.00 6.00 5.87 5.75 
Baton Rouge: 
1968. E 5.25 5.25 5.25 5.46 5.50 5.50 5.50 
KEE 6.19 6.25 6.25 6.25 6.25 6.25 6.25 
August September October November December Average 
for year 
New York Harbor: 
6 e ES 8.25 8.25 8.58 8.75 8.75 8.30 
Kn EE 8.75 8.75 8.75 8.75 8.75 8.98 
Oklahoma: 
1966 8 5.00 5.08 5.48 5.50 5.52 5.13 
EES 5.57 5.75 5.75 5.75 5.73 5.86 
Baton Rouge: 
OGG on he eh 5.50 5.5 5.75 5.75 5.77 5.50 
19067 1 8 6.25 6.25 6.25 6.25 6.25 6.24 


1 Producers’ net contract prices (after some discounts and summer-fill allowances) for propane, tank cars/ 
transport trucks. 


Source: Platt’s Oil Price Handbook. 
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FOREIGN TRADE 


The United States imported 239,190,000 
gallons of butane and 175,980,000 gallons 
of propane in 1967. Canada was the source 
of 99 percent of these imports. No break- 
down between butane and propane is 
available for previous years, but the total 


imports of liquefied gases in 1966 were 
440,538,000 gallons. 


Exports of liquefied gas, principally 
butane-propane mixtures, increased from 
343,171,000 gallons in 1966 to 389,372,000 
gallons in 1967. Mexico is the principal 
market for liquefied gases exported from 
the United States and accounted for over 
81 percent of the total volume shipped in 


1967. 


Table 13.—LP gases 1 exported from the United States, by countries 


(Thousand gallons)? 


1967 3 
1965 1966 Butane- 
Butane Propane propane Total 

mixtures 
Argentina. .............. ll... 15,247 (4) 3 9 298 u. uu. 22. 3,301 
Australia. dees hess best 11 65 | | 9 ........- 97 106 
Bahamas 1,046 1,307 242 2,896 26 2,664 
Belgium- Luxembourg 468 2 959 962 
Brži osooso J 8 2 15 2, 803 481 1 3,284 
f ·˙·w betes 2, 496 7, 355 9,625 938 4,708 15,271 
Dominican Republic............ 234 202 2 93 25 120 
Guatemala... 517 11 7 1, 147 1,154 

l. ĩðLK 2 ĩ hes 2 . 51 
Sr nS e 53 316 A 247 254 
Mexico... ;; 8 260, 129 307,103 17,914 32,192 267,024 817,130 
Netherlands 116 E 1. 225 1,226 

New Zealand 39 77 25 10 39 
South Africa, Republic o. 58 126 ` HENG 33 42 
United Kingdom- -------------- 33,682 24,357 7,447 35,565 34 43,046 
Others. occ tbh e esse 1,357 596 168 319 199 686 
ge BEE 315,464 343,171 38,258 75,300 275,814 389,372 


1 Data include LR gases. 
2 4.5 pounds =1 gallon. 


3 Eeffetive Jan. 1, 1967, LP gases shown separately, no longer one class. 


4 Less than Le unit. 


Nickel 


By Horace T. Reno’ 


The nickel industry in 1967 had not 
fully recovered from the strikes of 1966 
and experienced a shortage of skilled labor. 
Nevertheless, primary plant production was 
the third largest quantity on record. There 
was a worldwide shortage of nickel, and 
substantial quantities produced in Com- 
munist countries reached the free market. 
In the last half of the year nickel prices 
were raised 10 to 15 percent in the United 
States and the consumption rate decreased. 

There was unusually high activity in 
nickel exploration in Canada and Austra- 


lia. Australia joined the major nickel-pro- 
ducing countries of the world. Widespread 
exploitation of laterites as a major nickel 
source moved closer to fruition in Indone- 
sia and the Philippines as these govern- 
ments asked for and received bids from 
private concerns for concessions to mine 
laterites in their countries. 

Laboratory research in nickel extractive 
metallurgy leveled off in 1967, but research 
in nickel processing methods and in physi- 
cal metallurgy continued at the high level 
of the last decade. 


Table 1.—Salient nickel statistics 
(Short tons) 


1963 
United States: 
Mine production 18,394 
Plant production: 
Prima osokiedoseenainuk 11,432 
Secondary 18,996 
Exports- cauce oa 60,927 
Imports for consumption. ......... 119,000 
Consumption... ..... 2... 2... 124,478 
Stocks Dec. 31: Consumer 17,191 
Price cents per pound 79 
World: Production 373, 986 


r Revised. 


Legislation and Government Programs. 
— General Services Administration sold ap- 
proximately 18.6 million pounds of nickel 
from government stockpiles, principally in 
the form of nickel cathodes during calen- 
dar year 1967. This disposed of all the sur- 
plus nickel available under current author- 
izations. Government stocks of nickel on 
December 31, 1967, were as follows: 


Total inventory Net weight 

(short tons) 

National stock pille 69,536 

Supplemental Stock pille 
Defense Production Admin- 

istration Stocks 3,492 


The nickel stockpile objective was re- 
duced from 50,000 to 20,000 short tons on 


1964 1965 1966 1967 
15, 420 16,188 15,036 15,287 
12,185 13,510 13,237 14,615 
23,114 19,407 26,777 20,731 
68,502 20,935 r 26,387 31,537 
129,000 163, 000 141, 000 143, 000 
146,920 172,084 187, 833 173,798 
17,185 14,047 r 31,288 30,907 
79 79-773 7784-854 8514-94 
408,953 468 ,270 440,108 481,269 


January 13, 1967; however, Congress had 
not authorized disposal of the stockpile 
nickel in excess of the objective by year- 
end. 

The suspension of duty on ferronickel, 
unwrought nickel, and nickel powders was 
extended to September 30, 1967 by Public 
Law 90—48. After that date however, a 
duty of a 1.254 per pound applied to these 
items. 

The Federal Government's Economic 
Development Administration granted the 
Knox Mining Corp. of Alexandria, Va., 
$85,555 for exploration of copper-nickel- 
cobalt deposits in the Crawford Pond area 
of Knox County, Maine. 


1 Mining engineer, Division of Mineral Studies. 
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DOMESTIC PRODUCTION 


All primary nickel produced in the 
United States in 1967 was in the form of 
ferronickel. The Hanna Mining Co. mine 
and smelter at Riddle, Oreg., was the sole 
producer. Nickel salts were produced as a 
byproduct at copper and other metal refin- 
ing plants. Part of the byproduct nickel 
orginated from scrap. 

The outlook for expanding domestic pri- 
mary nickel production was greatly en- 
hanced in 1966 and 1967 by activity in the 
Duluth grabbro complex of northern Min- 
nesota. This complex is a multiple intru- 
sive of basic igneous rocks, extending 
northward from Duluth roughly parallel- 
ing the shoreline of Lake Superior to the 
Canadian border. The Bureau of Mines, 
the Geological Survey, and the Minnesota 
State Mines Experiment Station and Univ- 
ersity, studied and explored the area for 
many years attempting to interest private 
industry in exploiting its low grade copper 
and nickel ores. This work, the nickel scar- 


city, and the increasing price trend tipped 
the balance to favor possible exploitation. 
On June 14, 1966, International Nickel 
Co. (Inco) entered a mining lease agree- 
ment with the Department of the Interior's, 
Bureau of Land Management to explore 
4,894 acres in the Superior National Forest, 
Lake and St. Louis Counties, Minn. On 
December 29, 1966, Minnesota awarded 
mineral exploration leases to 11 concerns 
which covered 88,000 acres of State-owned 
land in the same area. 

In 1967 Inco started sinking a 1,100-foot 
preliminary development shaft and began 
engineering studies to assess the economic 
and technologic feasibility of mining these 
lcw-grade copper-nickel sulfide deposits. 
The other concerns holding leases in the 
area began exploratory sampling, mapping, 
and driling. Reportedly, none was far 
enough advanced by the end of the year to 
indicate more than a possibility of profit- 
able operations. 


Table 2.—Primary nickel produced in the United States 
(Short tons, nickel content) 


1963 


Byproduct of copper refining. gg 
Domestic ore ----------------------- 


707 
10,725 


1964 1965 1966 1967 
949 844 1,006 1,579 
11,236 12,666 12,231 13,036 


Table 3.—Nickel recovered from nonferrous scrap processed in the United States, 
by kind of scrap, and form of recovery 


(Short tons) 


Kind of scrap 1966 1967 
New scrap: 
Nickel base ` ` 3,126 1,457 
Copper-base. ...... 6,476 6,334 
Aluminum base 595 540 
Totaal. 10,197 8,331 
Old serap a í í í í í 
Nickel- base 15,297 11,260 
Copper-base....... 893 840 
Aluminum-base. _ ` 390 300 
Total, 16,580 12,400 
Grand total. W 286,777 20, 731 


Form of recovery 1966 1967 
As metall 1,814 2,393 
In nickel-base alloys. ... 3,048 2,688 
In copper-base alloys... . 8,020 7,810 


In aluminum-base alloys. 1,031 885 
In ferrous and high-tem- 


perature alloys !...... 10,550 6,019 
In chemical compounds. - 2,314 936 
Total........... 26,777 20,731 


1 Includes only nonferrous nickel scrap added to ferrous and high-temperature alloys. 
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. CONSUMPTION AND USES 


A shortage in nickel supply resulted in 
decreasing use of metallic nickel, ferro- 
nickel, and nickel-bearing salts in the last 
half of 1967. Nevertheless, the year's total 
domestic consumption was the second 
highest on record. 

Although Bureau of Mines’ nickel con- 
sumption data in 1967 were expanded to 


include total shipments to the plating in- 
dustry, nickel's use pattern in 1967 was not 
substantially different from that in 1966. 
The apparent wide variation shown in 
table 6, is due to changing reporting prac- 
tice and the last half-year adjustment de- 
scribed above. 


Table 4.—Stocks and consumption of new and old nickel scrap in the 
United States in 1967 


(Gross weight, short tons) 


Stocks, Consumption Stocks, 
Class of consumer and beginning Receipts end of 
type of scrap of year ew Old Total year 
Smelters and refiners: 
Unalloyed nickel 127 997 645 970 1,015 109 
Monel omecal -2-2-2 ----- 523 1,894 260 1,728 1,988 429 
Nickel silver . 893 5, 576 615 4, 888 5, 503 966 
Miscellaneous nickel alloys. ....... 7 5,314 59 5, 256 5,315 6 
Nickel residues 86 233 DN 244 244 75 
M m LEES 743 8,438 964 7,598 8,562 619 
Foundries and plants of other manufac- a 
turers: 
Unalloyed nickel 320 8,285 411 8,042 8,453 152 
Monel metaaaallllllll n. 29 158 79 168 19 
Nickel silver jj 7,512 24,515 22, 404 100 22,504 9,523 
Miscellaneous nickel alloys. ....... 8 MONS Miam 8 3 ae 
Nickel residues 605 399 310 349 659 945 
Totals c he ees 957 8,842 800 8,483 9,283 516 
Grand total: =~ n 
Unalloyed nickel --_------------ 447 9,282 1,056 8,412 9,468 261 
Monel metal... ..............-.- 552 2,052 339 1,817 2,156 448 
Nickel silver )))) 8, 405 30, 091 23,019 4,988 28,007 10,489 
Miscellaneous nickel allo ys 10 5,314 59 5,259 5,318 6 
Nickel residues 691 632 310 593 903 420 
r §·˙·»»»A A 1,700 17,280 1,764 16,081 17,8465 1,135 


! Excluded from totals because it is copper-base scrap, although containing considerable nickel. 


Table 5.—Nickel (exclusive of scrap) consumed in the United States, by forms 
(Short tons) 


Form 1963 
z . eh heh on adiit 110,365 
Ferronicke“lll . 
Oxide powder and oxide s inter 12, 461 
Måtte -t coear Eanna %ðù 8 2 
Salts? EE 1,650 
d eo: EEN 124,478 


1964 1965 1966 19671 
123,443 146,357 132.573 124,639 
21,090 23,041 22,845 19,349 

2,385 2,677 2,741 4,582 
146,920 172,084 187,833 173,798 


! Metallic nickel salts consumed by the plating industry are estimated. 
2 Figures do not cover all consumers for 1963 through 1966. 
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Table 6.—Nickel (exclusive of scrap) consumed in the United States, by uses 


(Short tons) 


Use 1963 1964 1965 1966 19671 
rough I J 18,780 
/ ee T n ha Du ots te | ; 
)) 88 19,727 24,679 21,009 27, 807 l 4,881 
Cast IFOHB.- t ð d Er ol iE 5,901 6,605 6,937 7,286 6,596 
Copper base alloys: 
Wrought (including eoinagei. )) f adeani ë Sendnk ix 9.987 4, 555 
J))!!! ⁵ð y ³ ͤ xy ĩͤ / ð EE j , | 3,853 
Electrical resistance alloys .. 13,505 15,291 18,464 5,423 4,311 
Electroplating: 
hh... ð;uĩ ⁰ʒ we aso 18,621 19,446 19,450 13,828 23 , 721 
Sor. 8 1,050 1,645 2,037 1,925 4,041 
CE PONE: , "m 
rr s cR he up d EE e à 
Cau ee ee de d j 24,794 23,639 37,082 247,366 l 4.217 
Permanent magnett ss 777 664 828 807 896 
"o um heat resisting steels: , | 88,882 
l ð-v ns ee : 
^ P MP PROC OMNI Ubi M ME SEENEN J 34,140 48,301 51,700 65, 910 ` 14,054 
%%% h ³ Dac A 5, 963 6,650 8,577 7,544 6,019 


1 Metallic nickel salts consumed by the plating industry are estimated. 
2 Copper base and nickel alloys formerly published together as nonferrous. 
3 Betore 1966, included high-temperature alloy, now shown under nickel alloy. 


Includes metallic nickel used in baskets. 


5 Catalysts, ceramics, chemicals (other than electroplating), iron-nickel alloys. 


Table 7.—Nickel (exclusive of scrap) in consumer stocks in the United States, by forms 


(Short tons) 


(LE o EE 


! Incorporates some revisions. 


1965 1966 ! 1967 
— — — 11.320 20,968 24,380 
EE 821 5,819 2,455 
„ E 1,622 4,118 3,679 
„ MEC DOR 283 388 358 
SE 14,047 31,288 30. 907 


PRICES 


Domestic nickel prices, which were last 
increased in the fall of 1966, were un- 
changed until September 15, 1967, when 
the Canadian Company, Sherritt Gordon 
Mines Ltd. raised its quoted U.S. price for 
nickel powder from 85.25 cents to .98 cents 
per pound. This instigated price increases 
in essentially all nickel-bearing raw mate- 
rials. By October 1, 1967, prices asked for 


all the principal nickel material had been 
increased 10 to 15 percent. 


Cents per pound 


January- October- 

Type of nickel September December 
Nickel powder. 85% 98 
Cathodes ..... 85 74 94 
Sinter-90 81% 89 


FOREIGN TRADE 


U.S. consumers reacted to the worldwide 
shortage of nickel by establishing new 
points of supply in the Soviet Union, Re- 
public of South Africa, and Finland. Trade 


with Canadian producers was modified by 
allocation to consumers. The Bureau of 
International Trade, U.S. Department of 
Commerce, withheld licenses for export of 
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nickel alloys and nickel-bearing stainless revised but trading continued as in the 
steel scrap for about 4 weeks, mid-June to past, governed principal by prices 
mid-July. After that, export rules were charged for U.S. scrap. 


Table 8.—U.S. exports of nickel and nickel alloy products, by classes 
(Short tons and thousand dollars) 


1965 1966 1967 
Class — FP ii ⁊0ẽ— AäæiH— 
Quantity Value Quantity Value Quantity Value 

Unwrought.  -_--- 5,307 $8,155 111,456 17, 592 7,453 $14,347 

Bars, rods, angles, shapes, and sections 2,937 7,851 2,828 8,689 2,595 8,697 

Plates, sheets, and striͥ z 1,310 5,711 1,104 5,718 1,997 9,292 

h.... ot ee 276 552 194 403 232 558 

Wie eh de 8 380 1,914 475 2,203 565 2,530 

Powders and flakes__ l -2-22-22 253 1,356 334 1,376 533 2,144 

ROl once A ln cies 4 15 13 71 6 26 

Catalysts EE 2,547 6,064 3,135 6,589 3,441 9,387 
Tubes, pipes, blanks, and fittings there- 

for, and hollow bar gs 1,198 4,748 972 3,214 823 3,417 

Waste and eceran. 22. cL... 6,723 4,168 5,876 6,229 13 , 892 20,331 

TOtA nese leblanc xz. LS 20,935 40,534 26,387 *52,084 31,537 70,729 


Table 9.—U.S. imports for consumption of nickel products, by classes 
(Short tons) 


Class 1965 1966 1967 

Ore and Matte. ico connue cuente ⅛ K ote uE 81 (D... . — eise 
Unwrought (ingots, pigs, eto. 132,559 r 112,886 113,860 
Oxide and oxide sinter_________ l... . c cilc lA esee 13,600 7,711 6,208 
SI o a ANETE EE EEA E E E E E EN S E S E E 24,057 20 , 400 23,006 
Bars, plates, sheets___ ð ( ↄ d ee dec 80 103 135 
Rods iin e a ENS aSE M 267 340 428 
Shapes, sections, and angles 4 1 1 
Pipes, tubes, and fitting 35 14 107 
POWGOP-. c ordin end Sees Sk ee 2,640 4,123 3,716 
| EY CL o À ee PERRO 2 18 (1) 
Waste and scrap... uc. cece be oe trees Sota cece 1,163 941 1,104 
Frech ³ 8 32 11, 898 9,020 

Total: Gross i ſfh! 8 174, 520 r 158,435 157, 585 
Nickel content (estimated) ------------------------------------ 163,000 141,000 143,000 

r Revised. 


1 Less than 1⁄4 unit. I 
2 Nickel-containing material in powder, slurry, or any form, derived from ore by chemical, physical, or any 
other means, and requiring further processing to recover nickel or other metals. 


Tariff reductions negotiated during the TSUS No. Item New rate 
Kennedy Round of the General Agreement 607.25 Ferronickel Free 
on Tariffs and Trade (GATT) went into 620.03 Unwrought nickel Free 
effect January 1, 1968, under authority of 620.04 Nickel waste 1 cent per 
Presidential Proclamation 3822. The stat- and scrap ! pound 
utory rate of 3 cents per pound for the 620.32 Nickel powder Free 
following was reduced as follows: 1 Duty suspended until June 30, 1969 as pro- 


vided by Public Law 90-45. 


The duty on nickel waste and scrap will be 
lowered progressively each year until free 
on January 1, 1972. 
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Table 10.—U.S. imports for consumption of new nickel products, by countries 


(Short tons) 


Metal Oxide and Slurry and other 2 
oxide sinter 
Country 1966 1967 1966 1967 1966 1967 

Gross Gross Gross Gross Gross Nickel Gross Nickel 

weight weight weight weight weight content weight content 
Australia 2 mr NR BEEN DEEN TE Dogs TS 
Canada 104,433 104,157 7, 700 6,208 17,898 13,581 19,899 16,594 
Finland............... 9 1 oe c Dues rer ys ree. kus "Tu 
Fran ee ee 66 OM e ae Se = TTA 
Germany, West (3) 53 EEN (3) 10 3 SE NM 
Netherlands 21 85 DEA? TA NS NT 44 9 

Norway r 7, 861 8,516 8 ne ns — 
South Africa, Republic of 36 272 TAE AE 2,491 1,322 3,063 1,413 
Sweden um 11 10 fx EU Se CES 8 
U. S. S. .. m 176 xc epe a Se 8 E 
United Kingdom....... r 506 398 1 (3) 1 (3) Tu eae 
Other countries AEN 12 PEE RN sha t SE E ER 
Totaal. r 112,886 113,860 7,711 6,208 20,400 14,906 23,006 18,016 


r Revised. 


! Ore and matte, 1966, Australia, less than }4 unit: 1967, no transactions. 
2 Nickel-containing material i in powder, slurry, or any form, derived from ore by chemical, physical, or any 
other means, and requiring further processing to recover nickel or other metals. 


3 Less than Le unit. 


WORLD REVIEW 


European industrial concerns  experi- 
enced a shortage of nickel probably more 
serious than that in the United States. To 
meet this shortage, nickel was bought from 
Communist countries and the European 
Economic Community suspended the cus- 
toms tariff on ferronickel, effective until 


June 30, 1968. 


Australia.—Since Western Mining Com- 
pany reported sulfide mineralization at 
Kambalda, 30 miles south of Kalgoorlie in 
1966, Western Australia has been experi- 
encing a nickel rush reminiscent of many 
of the gold rushes of the past. The interest 
in nickel spread to Queensland, and 
throughout the year most of the major 
international metal mining concerns had 
exploration crews in the field. Geologists 
who had worked in the iron ore deposits 
of Western Australa during the recent 
boom in that industry joined the search 
for nickel. Nickel finds were reported in 
several areas, but the reports were not 
adequate to evaluate the significance of the 
discoveries. 

Western Mining Company progressively 
increased the rate of exploitation of its 
deposit at Kambalda, and by the end of 
the year was producing at the rate of 
100,000 tons of ore annually. Its reserves 


in the area reportedly totaled more than 
10 million tons of 3.8 percent nickel. 

Botswana. — Bamangwato Concessions 
Ltd. a subsidiary of Roan Selection Trust 
Ltd. announced that it discovered copper- 
nickel ore in the Pikwe-Sedibe area 60 
miles southeast of Francistown. The metals 
occur in sulfide minerals. The deposits and 
metallurgy problems attendant to exploit- 
ing it had not been fully delineated by the 
end of the year. 


Canada.—Canadian nickel companies 
actively sought new properties in all the 
metal mineral provinces of the country. 
Most exploration was in the Sudbury dis- 
trict of Ontario and near existing nickel 
mines in Manitoba and British Columbia, 
but exploration crews worked the field 
season in Quebec, New Brunswick, north- 
ern British Columbia, and in the Yukon 
and Northwest Territories. Several discov- 
eries were reported, but none was proved 
of immediate economic significance. 

Canadian nickel mines were plagued by 
a shortage of skilled labor throughout the 
year. However, they managed to produce 
almost 250,000 tons of nickel, the second 
best year on record. 

The nickel-bearing sulfide ores of Can- 
ada have been the mainstay of the free 
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Table 11.—World production of nickel, by countries ! 


(Short tons) 


Country 1963 1964 1965 1966 1967 P 
North America: 
(2s Bo ulmo c Rc . es i taire 217,030 228,496 267,308 7223,610 246,954 
uba: 
Content of oxide: `- ` 22- ---------------- 16,100 16,200 20,200 717,500 | e 26.000 
Estimated content of sulf ideen 5,700 8,500 9,900 11, 100 d 
United States: 
Byproduct of copper refining............. 707 949 844 1,006 1,579 
Nickel recovered from domestic ore 10,725 11,236 12,666 12,2831 13,036 
South America: Brazil (content of ferronickel ) 1,135 e 1,100 1,228  *71,525 1,180 
ged oe 
inland: 
Content of nickel sulf ate r 183 162 180 r 204 e 200 
Content of eopncenttrates ----------- 3,230 r 3,532 r 3,295 r 3,254 e 3,300 
Poland (content of orel LL c lc... 1,218 1,328 1,214 e 1,400 e 1,400 
is U.S.S.R. (content of ore) Llc... r 75,000 780,000 790,000 795,000 105,000 
rica: 
Morocco (content of cobalt ore) .. 302 370 397 430 e 410 
Rhodesia, Southern (content of ore)-__ _ ` ` 131 173 e 770 e 770 e 440 
South Africa, Republic of (content of matte 
ia and refined nickel) ------------------ 2,700 2,700 3,300 6,000 6,300 
sia: 
Burma (content of speiss)))))7))))) 112 78 e 55 e 75 NA 
Indonesia (content of ore)._____________-__-- 1,764 1,874 r 3,858 r 4, 519 6,614 
Korea, South (content of ore) 29 20 E/ NA 
New Caledonia (recoverable) 43323. 87,920 52,285 r 53,054 *61,484 67,856 
Oceania: Australien ñ ] i „„ e 1,000 
JͥͤĩÜĩÜĩ1ͤ ˙ md once eee r 373,986 408,953 468,270 1440, 108 481,269 


e Estimate. 


P Preliminary. r Revised. 


NA Not available. 


! Nickel is also produced in Albania and East Germany but production data are not available. 
? Refined nickel and content of oxides and salts produced plus recoverable nickel in matte and concentrates 


exported. 


3 Nickel-cobalt content of metallurgical plant products plus recoverable nickel-cobalt in exported ores. 
* Total is of listed figures only; no undisclosed data included. 


world's nickel production in this modern 
industrial era. Laterite ores, which have 
been of interest since the price increases 
of 1966 and 1967, will supplement these 
deposits not displace them. Canadian firms 


mining sulfide ores and their 1967 nickel 
production or deliveries to customers as 
given in their annual reports to stockhold- 
ers were as follows: 


Company Type of operation Pounds 
International Nickel Co. Ltd................ T , Delivery ...... 463,450,000 
Falconbridge Nickel Mines Ltd..................... . Delivery ...... 74,754,000 
Sherritt Gordon Mines Ltd......................... Production 22,224,172 
Consolidated Canadian Faraday Ltd................... Production 3,906,731 
Marbridge Mines Ltd (Subsidiary of Falconbridge) ....Production . * 2,211,000 
Giant Mascot Mines LtP!Pk l Recovery ..... 4,752,936 
Lorraine Mines (McIntyre-Porcupine Mines Ltd)..... Production 1,477,548 


International Nickel Company operated 
nine mines in Ontario and one in Mani- 
toba in 1967 and was developing five new 
mines in Ontario and three in Manitoba. 
The company also was exploring the North 
Range property in the Sudbury district of 
Ontario and the Shebandown property in 
northwest Ontario. 


Falconbridge Nickel Mines Ltd. operated 
six mines in the Sudbury district and was 
developing the Strathcona and Longvack 
mines in the same district. 


International Nickel, Falconbridge, and 


Sherritt Gordon were engaged in large- 
scale plant expansion programs to increase 
Canadian nickel productive capacity 150 to 
200 million pounds by 1970. 


Dominican Republic.—Falconbridge Do- 
minicana C. por A., subsidiary of Falcon- 
bridge Nickel Mines Ltd. of Canada, ex- 
plored two adjoining lateritic deposits in 
its mineral concession and developed at 
least 62 million tons of ore containing 1.55 
percent nickel. The ore begins at the sur- 
face and ranges to 180 feet thick, but aver- 
ages about 30 feet. The company operated 
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a 140-ton-per-day pilot plant on the prop- 
erty for 9 months. The product, ferro- 
nickel, proved satisfactory. Falconbridge 
proposed a plant to be operational in late 
1971 capable of producing annually 50 mil- 
lion pounds of nickel in ferronickel and 
costing upwards of $150 million. The 
method of financing had not been decided 
by the end of the year. 


France.—France imported more than 
6,000 long tons of nickel-bearing materials 
from Cuba and exported substantial quan- 
tities of nickel products to mainland 
China. 


Greece.—Société Minére et Metal- 
lurgique de Larymna Larco S.A. the joint 
venture of Hellenic, Chemical Products 
& Fertilizers Co. and Société Le Nickel 
which began operating in 1966 produced 
electrolytic nickel and ferronickel through- 
out the year. At yearend the new plant 
had not yet achieved smooth operation. 


Guatemala.—The International Nickel 
Company subsidiary, Exploraciones y Ex- 
plotaciones Mineras Izabal S.A., continued 
development of deposits near Lake Izabal. 
The company proposes to install mining 
and processing facilities capable of produc- 
ing 50 million pounds of nickel annually, 
but the project was delayed pending resol- 
ution of financial matters with the Guate- 
malan Government. In the meantime, the 
company started exploration of lateritic 
ores in two other areas. 


Indonesia.—Early in 1967 the Ministry 
for Mining of the Republic of Indonesia 
asked interested concerns around the world 
to submit proposals for developing nickel 
deposits in the ultrabasic rock formations 
on the Island of Sulawesi. Five bids were 
received. One each from Canadian, United 
States, Japanese, French, and United 
States-French concerns. International 
Nickel Co. of Canada and the combination 
of Kaiser Aluminum and Chemical Corp. 
of the United States/Société Le Nickel of 
France were chosen by Indonesia’s Foreign 
Investment Committee for Mining to enter 
a final competition for a government-ap- 
proved nickel concession. The concession 
will be awarded on the basis of the orig- 
inal proposal; the proposer’s views on cor- 
porate taxes, land rent and royalties, and 
depreciation; the time required for explo- 
ration and construction; and the apparent 
benefits to the Indonesian economy. 
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Japan.—Tokyo Nickel Company, owned 
jointly by International Nickel Company 
of Canada, and Mitsui and Company and 
Shimura Kako Co. of Japan, inaugurated 
its nickel smelter at Matsuzaka early in the 
year. The smelter was operating at full 
capacity of 375 tons of nickel oxide sinter 
per month by the end of June. To control 
fumes sulfuric acid was produced as a by- 
product. Tokyo Nickel Company was 
formed to ease Japan’s dependence on for- 
eign nickel, as the price of scrap and ores 
trended upward, and the grade of ore 
available to Japan trended downward. 


In further reaction to high prices and 
low-grade ores, Nippon Yakin Kogyo Co., 
Nippon Mining Co. Ltd., and Taiheiya 
Nickel Co., Japanese smelting companies, 
with Société Le Nickel of France, formed 
Nippon Nickel Oxide Company Ltd. to 
produce nickel oxide. The firm planned to 
erect a 5,000-ton annual capacity smelting 
plant at Tsugaru on the Japanese coast. 


New Caledonia.—The French Govern- 
ment announced early in the year that it 
would permit formation of a new company 
with limited foreign participation to ex- 
ploit nickel deposits in New Caledonia. 
Such a company would end the nickel 
monopoly long held by Société Le Nickel. 
International Nickel Company of Canada 
announced that it would have a 40-percent 
equity interest in the new concern. A con- 
sortium of French Government and private 
companies and banks will own the other 
60 percent. The composition of the French 
consortium was not decided in 1967. How- 
ever, exploratory field work was started, 
and International Nickel Company de- 
scribed the new companies objective which 
is to add 50 to 100 million pounds of 
nickel annually to the world's supply. 


Patino Mining Corporation of Canada 
explored nickel bearing mineral deposits 
on 74,000 acres of land in New Caledonia 
which it holds under option. The results of 
the work were encouraging and the com- 
pany sought authorization from the Gov- 
ernment of France to establish a mine and 
treatment plant to recover nickel and 
cobalt. Their petition was pending at the 
end of the year. 


The French Ministry of Economy and 
Finance approved a proposal by Kaiser 
Aluminum and Chemical Corp. and Société 
Le Nickel to build a nickel processing 
plant in New Caledonia and to form a 
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company there to market ferronickel prod- 
ucts in North America. 


Norway.—Expansion of the  Falcon- 
bridge smelter at Kristiansand, started in 
1966 was completed in 1967. A specially 
designed ocean-going ship will bring con- 
centrates to the smelter from Canada. 
Terminal facilities were also improved to 
handle the special vessel. 


Philippines.—Suragao Mineral Reserva- 
tion Board publicly opened nine sealed 
bids to exploit the nickel laterite deposits 
of the Suragao Mineral Reservation. At 
yearend the proposals were still being eval- 
uated. The rights to develop the deposits 
were to be awarded on the basis of tech- 
nical feasibility and financial return to the 
Philippine economy. 


Rhodesia, Southern. — Anglo-American 
Corporation of South Africa Ltd. and Tro- 
jan Nickel Mining Company Ltd. an- 
nounced plans to exploit nickel deposits 
at Shamva and Bindura near Salisbury. 
Their plans include a smelter and refinery 
in conjunction with the mine. Apparently, 
Anglo-American was firmly committed to 
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producing nickel in Southern Rhodesia. 
The corporation prospected for nickel in 
six other mineralized areas of the country 
during the year. 


United Kingdom.—International Nickel 
Ltd. completed expansion of its Clydach 
refinery to an annual capacity of 40,000 
tons of metal. The plant receives raw 
materials from Inco’s Canadian operations 
and processes it to pure nickel and nickel 
compounds for sale to European indus- 
trial concerns. 

Reportedly nickel cathodes produced in 
the Soviet Union were bought above mar- 
ket prices for processing in the United 
Kingdom and later sold at a loss. The pur- 
chases were made to stabilize the market as 
the shortage of nickel intensified. 


Venezuela.—Société Le Nickel con- 
tacted with the Venezuelan Government to 
evaluate nickel deposits of Loma de Hierro 
in the State of Aragua. The Société is to 
determine the economic and technical feas- 
ibility of exploiting the deposits; arrange- 
ments to do so will be made on the basis 
of its report and agreements for Ven- 
ezuelan participation in the project. 


TECHNOLOGY 


Judging by the number of reports and 
patents issued in 1967, researchers around 
the world had the same intense interest in 
nickel they have shown in the last decade. 
Apparently, the cycle of activity in nickel 
research and development has not yet 
reached its apex. There was a leveling or 
even slackening in the search for new 
methods of processing the laterite ores, but 
this was more than offset by research di- 
rected toward development of more eco- 
nomical procedures and greater efficiency 
in processes already developed through the 
laboratory stage. The proof of the re 
searchers success is counted by the nickel 
developments cited in the world review 
section. 

"Winning of Nickel’, a comprehensive 
book on nickel technology ranging from 
geology through mining and extractive 
metallurgy sponsored by the International 
Nickel Company of Canada Ltd., was pub- 
lished.? This work undoubtedly was in- 
stigated by the growing obsolescence of 
nickel technology caused by research and 
development activities in the last two de- 
cades. 


The plating industry seemed to be the 
subject of strong interest to researchers 
in nickel uses. A large number of patents 
was issued for methods of improving elec- 
troplating. 

Most patents in which nickel was in- 
volved had to do with nickel’s use in chem- 
ical compounds. Many new nickel bearing 
alloys were developed; several apparently 
having immediate application in aircraft 
turbine engines, and chemical industry 
facilities. The worth of the others will take 
2 or 3 years to develop. Quenched and 
tempered 8 percent nickel-steels, exhibited 
properties promising for application at low 
temperatures.* 

Bureau of Mines’ researchers described 
the magnetic susceptibility of 19 nickel- 
and cobalt-bearing minerals.“ This basic 


2 Boldt, J. R. Jr., Winning of Nickel“, D. 
Van Nostrand Inc. U. S. A. 1967, 487 pp. 

3 The American Society of Mechanical Engi- 
neers. A Quenched and Tempered 8-Percent 
Nickel Steel for Applications Down to —275F, 
67-PET-37, 1967, 9 pp; Explosion-Bulge and 
Drop-Weight Tests of Quenched and Tempered 
9-Pcrcent Nickel Steel, 67-PET-38, 1967, 8 pp. 

* Powell, H.E. Magnetic Susceptibility of 19 
Nickel-and Cobalt-Bearing Minerals. BuMines 
Inf. Cire. 8351, 1967, 12 pp. 
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investigation was the only Bureau activity 
related to nickel resources in 1967. As 
private industrial concerns became in- 
terested in exploiting the laterite nickel- 
bearing ores, the Bureau of Mines’ switched 
its attention to finding ways of recovering 
nickel from scrap. Bureau researchers com- 
pleted a study of an electrolytic process 
for separating cobalt and nickel. They de- 
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veloped a method for recovering cobalt 
from the electrolyte and demonstrated the 
possibility of recovering high-purity nickel. 
The research was completed in 1967 and 
published early in 1968.5 | 


5 Sullivan, T. A., B. E. Barton, F. R. Cattoir. 
An Electrolytic Process for Separating Nickel 
p Cobalt. BuMines Rept. of Inv. 7082, 1968, 

pp. 


Nitrogen 


By Richard W. Lewis ' 


Domestic production capacity of anhy- 
drous ammonia continued to increase both 
in 1966 and in 1967. If all units had gone 
on stream as scheduled, domestic annual 
production capacity would have reached 
about 15 million short tons in 1966 and 18 
million tons in 1967. However, a shortage 
of engineers and skilled craftsman devel- 
oped, which delayed construction sched- 
ules, and capacity including byproduct 
ammonia at yearend 1966 was estimated at 


13.5 million tons, and at yearend 1967, at 
about 16 million tons, with allowances 
being made for the closure of some obso- 
lete plants. 

World production of agricultural nitro- 
gen in 1967 was estimated at 25.6 million 
tons and technical nitrogen (excluding gas 
and liquid elemental nitrogen) at 6.1 
million. 


1Commodity specialist, Division of Mineral 


Studies. 


Table 1.—Salient nitrogen statistics 
(Thousand short tons of contained nitrogen) 


1963 1964 1965 1966 1967 » 
United States: 
Production as ammonia__________...___.__-- 5,656 6,447 r 7, 465 r 8,918 9,939 
Production as high purity nitrogen gas r 1,986 r 2,236 r 2,823 r 3,511 3,975 
Exports of nitrogen compounds............... 219 337 459 707 828 
Imports for consumption of nitrogen com- 
POUT Sooo e Sce 2 ni igs 401 494 496 566 691 
Consumption nnn 5, 454 6,117 6,655 7,260 9,120 
World: Production 18,864 21,338 24,101 27, 000 31, 700 
p Preliminary. Revised. 
1 Estimated, excludes nitrogen gas. 
Table 2.—Nitrogen production in the United States 
(Short tons of contained nitrogen) 
1963 1964 1965 1966 ' 1967 » 
Anhydrous ammonia: Synthetic plants 1. 5,504,581 6,278,717 7,294,565 8,736,817 9,762,059 
Ammonia compounds, coking plants: 
Ammonia liquor.................... 12,059 13,325 13,131 11,121 11,913 
Ammonium sulf ate 131, 385 144, 362 146,992 161,939 157,287 
Ammonium phosp hates. 8,234 10, 638 9, 823 8,928 7,929 
e a A 5,656,259 6,447,042 *7,464,511 8,918,305 9,939,188 
Nitrogen gas r 1,986,296 12,236,471 *2,823,363 3,511,042 8,975,442 


r Revised. P Preliminary. 
1 Bureau of the Census Current Industrial Reports. 
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Table 3.—Major nitrogen compounds 
produced in the United States 


(Thousand short tons, gross weight) 


Compounds 1966 v 1967 » 
Ammonium nitrate 5,017 5,596 
Ammonium sulf ate 2, 870 2, 675 
Ammonium phosphate 3,711 4,453 
Nitric acid ............. 5,514 6,122 

ta ——— o 8 1,716 2,173 

r Revised. v Preliminary. 

Sources; Bureau of the Census and Tariff 
Commission. 


DOMESTIC PRODUCTION 


Anhydrous ammonia again shattered all 
previous production records with an in- 
crease of 12 percent over 1966 produc- 
tion. The output of nitrogen (liquid and 
gas) also increased with a reported produc- 
tion of about 13 percent over that of 1966. 

Construction schedules for new plants 


Company 


American Cyanamid Co. II 
Arkla Chemical Corr 
Borden Chemical CO.. 


Farmland Industries, Inc. e 
First Nitrogen Corp.!___._.....-_---..--.--------- 
Oklahoma Ordnance Works Authority...... ........ 
Shamrock Oil & Gas Cord 
Tenneco Chemicals Inc 
Terra Chemicals International, Ine 
U.S. Steel Chemicals Co 
Wycon Chemical (oo 


1 Reported as completed in 1966 Minerals Y earbook. 


? Old plant to be abandoned. 
s Expansion. 


were delayed and several large capacity 
plants slated for operation in 1966 did not 
get into production until 1967. The follow- 
ing new ammonia plants and plant expan- 
sions were reported on stream, but not 
necessarily operating at full capacity in 


1967. 


New NH; 
capacity, 
Plant location 1,000 short 

tons per 
year 
Avondale, La: 850 
Helena, Ak. 210 
Geismar, La- `- -——— vei 350 
Pascagoula, Miss 525 
Belle, W. Va. 350 
Beaumont, Tex. 222-22-22- l.l... 350 
Fort Dodge, Iowa ------------------ 210 
Donaldsonville, Laa 350 
e ß eaa 30 
Sunn ³ꝛ¹m» eee! 70 
Houston, Tex. 85 
Sinh 350 
Garten,, 88 350 
Cheyenne, Wyo. ........-........... 105 
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Additional new anhydrous ammonia plants and expansions, either planned or under 
construction in 1967 were announced as follows: 


Capacity, 
Company Plant location 1,000 short Completion 
‘tons per date 
year 

Arkla Chemical Cor Helena, Arkʒk 210 1969 
Central Farmer’s Fertilizer CoOo .. Donaldsonville, Laa 350 1969 
Collier Carbon & Chemical Corp.............. Cook's Inlet, Alaska 525 1968 
Farmer's Chemical Association, Ina Tunis, N on eck eke ee um 210 1969 
Farmland Industries, Ile Dodge City, Kanns 210 1969 
Gulf Oil Corp., Chemicals bh Donaldsonville, Laa. 350 1968 
Hill Chemicals Ine. Borger, "Tex k 350 1968 
Nipak Ine-- c. ˙⅛7ĩ!itt ͤ . ues sued iue Pryor, Okla.................. 70 1968 
Nitrogen, Inc (Subsidiary of First Mississippi 

COPD.) ¿uu E oe i CES Donaldsonville, La__---_.__-_- 350 1969 
Sinclair Petrochemical, Ine Fort Madison, Iwaa 350 1968 
Solar Nitrogen Corp. Lima, Ohio 525 1969 
Southwest Chemical Corp... West Memphis, Ark. ` 350 (Planned) 
Tuloma Gas Products Co....................- Texas City, T 525 1968 

Producers continued building urea nual production capacity of 350,000 tons, 


plants during 1966 and 1967 in an effort to 
supply the increasing demands. In 1966, a 
150,000-ton-per-year plant was put on 
stream by Olin Mathieson Chemical Corp. 
at Lake Charles, La. At Geismar, La., 
Borden Chemical Co. began production of 
what was stated to be the largest low bi- 
uret urea plant in the United States. This 
single reactor plant was engineered for a 
daily output of 500 tons.” In the spring of 
1967, Wycon Chemical Co. placed a new 
125-ton-per-day urea plant in full produc- 
tion at Cheyenne, Wyo. 

Agway, Inc., started urea production at 
its new $8 million nitrogen fertilizer man- 
ufacturing complex at Olean, N. Y. The 
urea output capacity was reported at 175 
tons per day. In addition, the complex in- 
cluded a 170-ton-per-day nitric acid plant, 
a 210-ton-per-day ammonium nitrate plant, 
and a nitrogen solutions plant of 600-tons- 
per-day output. 

First Mississippi Corp. began construc- 
tion on a new nitrogen fertilizer complex 
at Donaldsonville, La., which includes a 
1,200-ton-per-day urea plant. Production 
was scheduled for early in 1969. Gulf Oil 
Corp. was constructing a complete urea 
plant (annual production capacity of 220,- 
000 tons) at its Faustina plant also at 
Donaldsonville. 

At Cook Inlet, Alaska, Collier Carbon & 
Chemical Corp., in a joint venture with 
Japan Gas Chemical Co., Ltd., was con- 
structing a urea plant in conjunction with 
its large anhydrous ammonia plant. Both 
were due on stream in 1968. The prilled 
urea plant was engineered to have an an- 


2 Reynolds, J. C. 


one of the world’s largest. 

Production capacities for nitric acid and 
ammonium nitrate also were increased 
chiefly due to increasing demands for 
ammonium nitrate, both for fertilizer and 
explosive use. In addition to the new 
Agway units, several other new nitric acid 
and ammonium nitrate plants started pro- 
duction in 1966 and 1967. A 320-ton-per- 
day nitric acid plant at Hannibal, Mo., of 
the American Cyanamid Co. and a 180- 
ton-per-day unit at Odessa, Tex., owned by 
El Paso Products Co., were completed. A 
400-ton-per-day ammonium nitrate unit 
also was erected at Cyanamid's Hannibal, 
Mo., plant. Celanese Corporation of Amer- 
ica was reported to have a new 135-ton- 
per-day nitric acid plant on stream at Bay 
City, Tex. The entire output was planned 
for nonagricultural use. Terra Chemicals 
International, Inc., had nitric acid and 
ammon:um nitrate units under construc- 
tion at its $27 million fertilizer complex at 
Port Neal, Iowa. Units were designed for 
a daily output of 350 tons of nitric acid 
and 415 tons of ammonium nitrate. Farm- 
ers Chemical Association, Inc., added a 
nitric acid unit to its fertilizer plant at 
Tyner, Tenn. The new unit with a daily 
capacity of 500 tons was to replace an old 
World War II 300-ton-per-day plant. Her- 
cules, Inc., was completing an 800-ton-per- 
day nitric acid plant at Louisiana, Mo., 


Sr., and C. J. Wetherell. 


Borden Chemical Builds Giant Low Biuret Urea 
Plant. Farm Chem., v. 129, No. 6, June 1966, 


pp. 73-78. 
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said to be the largest in the United States. 
Cominco American Inc. started production 
of ammonium nitrate at its 200,000-ton- 


per-year plant near Beatrice, Nebr. A 300- 
ton-per-day nitric acid plant was con- 
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structed for MisCoa Chemical Co. at Yazoo 
City, Miss., and United States Steel Corp. 
increased its nitric acid and ammonium ni- 
trate output by nearly 50 percent at its 
Geneva works in Provo, Utah. 


CONSUMPTION AND USES 


Domestic consumption of nitrogen, as 
compounds, increased 25.6 percent over 
that for 1966. About 70 percent of all ni- 
trogen consumed, excluding gaseous and 
liquid nitrogen, was used in fertilizer mate- 
rials. 

According to reports of the U.S. Depart- 
ment of Agriculture, 6,027,000 tons of ni- 
trogen was consumed by agriculture as 


fertilizers during the fiscal year ending 
June 30, 1967. This was an increase of 13 
percent over the previous 12-month period 
consumption. 

During the calendar year 1967, of the 
9,119,000 tons of nitrogen consumed, 
2,745,000 tons are estimated to have been 
used for nonagricultural purposes. 


PRICES 


Prices on nitrogenous materials generally 
decreased during the year. Agricultural 
urea dropped to a low of $82 per ton while 
the industrial grade dropped to $94 per 
ton, bagged. The usual seasonal discounts 


were given on anhydrous ammonia for 
delivery in August and September, but 
the price did not recover throughout the 
remainder of the year. Priees were weak- 
ened due to an over-supply situation. 


Table 4.—Price quotations for major nitrogen compounds in 1967 


(Per short tons) 


Effective 
Compound Jan. 2 Dec. 25 date of 
change 
Ammonium nitrate, fertilizer grade, 33.5 percent N (nitrogen): 

Bulk, carlots, f.o.b. works $64.00 $61.00 (1) 
Ammonium sulfate, standard granular, bulk, f.o.b. worka 32.00 31.00 June 12 
Anhydrous ammonia, fertilizer, tanks. works, freight equalized east of 

Rockis ß f ae E AA 2.00 84.00 Aug. 14 
Sodium nitrate, domestic, commercial, bulk, carlots, works. 44.00 44.00 
55 nitrate, imported, commereial, bulk, carlots, port warehouse 44. 00 44. 00 
rea: 
Industrial, 46 percent N, bags, carlots, delivered freight equalized ... 100.00 94.00 
Agricultural, 45 percent N, bulk, 50-ton cars, works.. 85.00 82.00-86.00 Jan. 16 


1 Unsteady, quoted at $61.00 from Jan. 16 through Mar. 6, at $64.00 from Apr. 3 to Aug. 14, and varied 
between $61.00 and $64.00 until December. Bagged material was priced $5.00 higher than prices quoted. | 


Source: Oil, Paint and Drug Reporter. 


FOREIGN TRADE 


Gross weight of nitrogenous fertilizer 
materials exported during the year con- 
tinued to increase and was 4 percent above 
that of 1966. Ammonium sulfate and am- 
monium phosphate shipments accounted 
for nearly 80 percent of the total quantity 
exported but slightly less than 50 percent 
in terms of nitrogen content. Anhydrous 
ammonia shipments increased nearly 130 
percent. This large increase was the result 
of greater emphasis being placed on for- 
eign sales at discounted prices as an in- 


ducement. Large quantities of anhydrous 
ammonia were produced in excess of do- 
mestic demand. 

The quantity of nitrogenous fertilizer 
materials imported during 1967 was 8 per- 
cent more than that of 1966. Urea im- 
ported for consumption, after declining for 
2 years, was substantially increased. Anhy- 
drous ammonia imports, chiefly from Trin- 
idad, continued to increase and was 42 per- 
cent above those of 1966. 
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Table 5.—U.S. exports and imports for consumption of major nitrogen compounds 


(Thousand short tons) 


1966 1967 
Compounds Gross Nitrogen Gross Nitrogen 
weight content weight content 
Exports: 
Industrial chemicals: Anhydrous ammonia and chemical 
grade aqua (ammonium content)... ................- 54 44 39 32 
Fertilizer materials: 
Ammonium nittate ----2----2---2----2----=--- 87 29 41 14 
Ammonium phosphates and other nitrogenous phos- 
phatic-type fertilizer materials 772 116 1,270 191 
Ammonium sulf ate 1,610 338 1,047 220 
Anhydrous ammonia and aqua (ammonia content) 172 142 394 324 
Nitrogenous chemical materials, nec .....- 25 5 27 5 
Sodium nitrate-________ LLL cc eee (1) (1) (1) (1) 
Urea ee EE 74 93 42 
Total n amam sata nana oh pe pee EY EL ih ee 2,794 707 2,911 828 
Imports: 
Industrial chemicals: Ammonium nitrate____._________- 1 (1) (1) (1) 
Fertilizer materials: 
Ammonium nitrate... 2. LLL ccc LLL L2 ll lll lll 154 51 177 58 
Ammonium-nitrate-limestone mixtures () (I) 3 1 
Ammonium phosphate s 179 27 212 32 
Ammonium sulfate... -------------------------- 160 34 168 35 
Calcium cyanamide or lime nitrogen 19 5 18 4 
Calcium DitrBte. ⁵ĩ⅛ 5 vy ⁰ ee 38 6 32 5 
Nitrogen solutions 82 29 73 25 
Anhydrous ammonia... . . . 311 255 443 864 
Potassium nitrate or saltpeter, crude... . ... ....... 21 3 15 
Potassium nitrate, sodium nitrate mixtures 40 6 45 7 
Sodium nitrate 222 LLL ccc LLL Lll l2 2l ll 321 51 218 35 
TOR. o ie 0— r ree SS 8 209 95 260 118 
OUNCE ins EE EE 20 4 24 
JJC pupas cc cl K ĩâ ĩͤ t t eut 1.561 566 1,688 691 


1 Less than 1⁄4 unit. 


WORLD REVIEW 


Algeria.—A $50 million ammonia and 
nitrogen fertilizer project was under con- 
struction at Arzew, about 25 miles east of 
Oran. According to reports, the facility 
was to include a 350,000-ton-per-year am- 
monia plant, a 175,000-ton-per-year am- 
monium nitrate plant, and a urea plant 
with annual capacity of 140,000 tons. The 
project was scheduled for completion in 
1969. 

Argentina._-A $22 million facility to 
manufacture 135,000 tons of nitrogen 
fertilizers per year was scheduled for com- 
pletion in 1968 at Campana, 50 miles 
northwest of Buenos Aires. Planned daily 
capacities for the plants included in the 
project were reported as follows: 220 tons 


of ammonia, 162 tons of urea, 147 tons of 
ammonium sulfate, and 117 tons of sulfuric 
acid. 

Australia. —Ammonia Company of 
Queensland Pty. Ltd. completed its new 
140-ton-per-day ammonia plant at Pink- 
enba, Queensland, in 1966. 

Plans were developed by Kwinana Nitro- 
gen Co., Pty. Ltd. for a 100,000-ton-per- 
year ammonia plant to be erected at 
Kwinana, West Australia, and construction 
was underway. Also included in the project 
were a 90,000-ton-per-year nitric acid unit 
and an ammonium nitrate plant with an 
annual capacity of 110,000 tons. Both 
projects were scheduled to be completed 
by late summer 1968. 
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Table 6.—World production and consumption of fertilizer nitrogen compounds, 
years ended June 30, by principal countries * 


Country 


(Thousand short tons of contained nitrogen) 


Production * 


1964-65 1965-66 1966-67 


Argentina- e E Ede 2 2 1 
Australia__________ ete ee et 29 37 43 
N L es ̃˙⅛] e as ee 205 231 257 
Belgium — 354 376 351 
Brazil... leere LL 10 17 7 
Bulgaria... ß oe et 240 278 327 
Cühad8.... Eden 377 413 483 
e Ee Nee 
Ill th ee ie ee 214 202 165 
Chis... te at ay ate iae 551 750 860 
tee ³² 4 43 39 
E ̃ ²⅛˙·wꝛAÄ ³˙ ...... y leie En 28 
Czechoslovakia 174 243 277 
Denman 8 23 28 28 
f ß i i 4 76 8 
Pranė l ⅛˙ x A UL 1,146 1,146 1,308 
Germany: 
East ³⁰¹i⁰AAAAͥ UT ee i t 368 384 379 
Weste fy ee ee u a u 1,421 1,564 1,655 
(Ee sont ˙ðDe m 84 129 
Hungary - cet y mec 99 163 184 
F ³·¹ ( ³ A 273 283 340 
Indonesia 52 52 46 
II/ ' v... Seay ou 37 39 
TO ccs x 24 25 25 
VC EE 929 985 1,036 
JJ7/)ö·Üĩ5%%C eui bue. 1,536 1,800 1,972 
Korea: 
N ³ðW¹wmĩↄ ees 99 116 123 
South cn se et Se oe 66 83 109 
Malawi, Southern Rhodesia, Zambia... l ...... ...... 3 ------ 
Mexico eee 15 171 176 
Netherlands 581 619 754 
e i e uL Le 364 365 359 
Pakistan- -------------22----------—- 88 93 103 
(og | EEE A CRE ͤ—k lr EE DTE 8 19 21 19 
Philippines 10 11 28 
Poland... ß es Bo ee 396 435 509 
POrtu@al EE 120 123 127 
Rumania... . _ soe oC vetas e 119 183 291 
South Africa, Republic off 68 76 85 
SS«§ö;àmùyi.... 8 280 304 366 
Sede ee bce see OS 77 101 112 
Switzerland 31 34 31 
BIW AN SE 166 177 192 
III u oe eee ste pss 36 6 
U SSSR: L ee ee es Se ee 2,071 2,725 3,131 
United Arab Republic 6 169 9 
United Kingdom 657 724 781 
United States ff 5,133 5,689 6,237 
Viet-Nam, South g : 
Yugoslavia___ 888 97 103 116 
Other: 
North America Iii 91 104 110 
South Americaa and 17 19 15 
ee ß 8 10 8 
J7/ô»öÜd 8 15 18 67 
AMICI i dd y ĩ³ͤ Sus uses 4 
Oceana ocn lc UR Ad EE SMesiata 


World total. 


Estimated losses (in transit, 


bagging, etc.) ` 


r Revised. ° Estimated. 


1 Includes Central America. 
Source: Nitrogen (London), No. 51, January/February 1968, pp. 14, 15. 


A nitrogen fertilizer complex was being 
constructed at Walsh Island, Newcastle, 
New South Wales, for Eastern Nitrogen 
Ltd. (ENL). The complex includes a 210,- 


1964—65 


35 
71 


18,890 
287 


Consumption ¢ 


1965-66 1966-67 
33 31 
77 95 

100 99 
168 174 
83 75 
255 298 
204 231 
41 58 
40 

1,465 1,930 
44 45 
99 116 
278 289 
211 246 
106 111 
970 1,079 
452 477 
963 980 
150 163 
248 234 
625 891 
109 121 
41 54 
24 28 
504 535 
849 919 
116 123 
281 295 
52 51 
305 853 
343 971 
69 68 
179 283 
51 41 
43 57 
488 518 
101 85 
174 228 
109 108 
452 466 
177 181 
28 34 
209 204 
94 108 
2,630 2,928 
311 298 
694 753 
5,313 ° 
183 218 
123 132 
45 47 
25 26 
190 231 
141 155 
12 14 
21,119 23,784 
325 362 


000-ton-per-year ammonia plant, a gran- 
ular ammonium nitrate unit with an an- 
nual output capacity of 175,000 tons and 
a 145,000-ton-per-year nitric acid unit. 
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ENL is a consortium of companies with 
Imperial Chemical Industries of Australia 
and New Zealand Ltd. the majority share- 
holder, together with Conzinc-Rio ‘Tinto 
of Australia Ltd., King Ranch (Australia) 
Ltd., and Mitsui Chemical Industries Co. 
(Japan). The complex was scheduled for 
completion in 1968 at a total cost of about 
$21 million.“ 

Brazil.—Conjunto Petroquimica da 
Bahia, as subsidiary of the Brazilian petro- 
leum corporation, Petroleo Brasileiros, was 
to have started construction on an am- 
monia and a urea plant at Camacari in the 
State of Bahia. Daily production capacities 
of 200- and 250-tons-per-day, respectively, 
were expected. Construction was started on 
a $70 million fertilizer complex for Ultra- 
fertil, S.A., at Santos, to be completed by 
late 1969. The project included units with 
daily capacities of 500 tons of ammonia, 
625 tons of nitric acid, 760 tons of am- 
monium nitrate solution, 690 tons of am- 
monium nitrate prills, 710 tons of sulfuric 
acid, 250 tons of phosphoric acid, and 525 
tons of diammonium phosphate. 

Burma.—Japan was reported to have 
granted credit with deferred payments to 
the Burmese Government for the construc- 
tion of a 120-ton-per-day ammonia plant 
and a 205-ton-per-day urea plant near 
Chauk. 

Canada. Canadian Industries Ltd. com- 
pleted a new 340,000-ton-per-year am- 
monia plant at Sarnia, Ontario. After 
some startup technical problems were 
solved, the plant appeared to be in success- 
ful operation in May. The firm's old plant 
(annual capacity of 66, 000 tons) located at 
Millhaven was to be closed down. 

The New Brunswick Development Corp. 
began operating its new fertilizer complex 
at Dorchester Cape, New Brunswick, in 
April 1966. The facility included a 150- 
ton-per-day nitric acid plant, a 190-ton- 
per-day ammonium nitrate plant, and a 
nitrogen solution plant with an expected 
output of 12,000 tons annually. Both fer- 
tilizer and explosive-grade ammonium ni- 
trate prills were to be manufactured. Upon 
completion, Fundy Chemical Corp. Ltd., 
reportedly would take over its operation. 

The construction work on the J. R. 
Simplot Chemical Fertilizer Co. fertilizer 
complex at Brandon, Manitoba, was com- 
pleted and on stream. The facility was de- 
signed for an annual production of 100,000 
tons of anhydrous ammonia, 35,000 tons 
of urea, about 100,000 tons of ammonium 
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nitrate, 300,000 tons of ammonium phos- 
phate, and 70,000 tons of nitric acid. 
Brockville Chemical Industries Ltd. com- 
pleted an expansion program at its Mait- 
land, Ontario, plant with a new 150-ton- 
per-day urea unit and a 250-ton-per-day 
nitric acid plant. Both plants were success- 
fully producing early in 1967 as scheduled. 


Table 7.—Chile: Exports of nitrate in 1967, 
by countries 


(Short tons) 


Country of destination Quantity 
Argentina 9,744 
Australia 12,179 
, ee ea es ,024 
i ec er EES? 41,419 
OWING oe u u nh ee ee eee 26,741 
Colombia... lo eL LIAE 303 
Denmark... . . l gu p O een te 5,512 
D,, iu. stata oleae 551 
VAN COs u e ne a 8 27,540 
Greece._________ tec ein ... imr 5,448 
( Su EE 4,205 
EE 18 ,228 
ATTEN 88 38,691 
Mills 8 21,717 
Netherlands. _____..._____-_.__.____-- 52,051 

CPU REENEN „823 
Portugal- ⁰˙ . SE 8,858 
SDAI ets ee icc v eee SE 76,970 
Sweden- --------------------2------- 4,685 
United Kingdom 11,104 
United States 298 , 737 
Other countries 29,077 

Ke d WEEN 698 , 607 


Colombia.—A British engineering group 
was contracted by Petroquimica del At- 
lantico, S.A., to furnish a 900-ton-per-day 
ammonia plant and a urea plant with a 
daily capacity of 400 tons. The plants were 
being erected at Barranquilla and were 
expected to be in operation early in 1969. 

Czechoslovakia.—It was reported that 
a Netherlands-West German consortium 
was awarded a contract for the construc- 
tion of a petrochemical complex, including 
an ammonia plant having an annual capa- 
city of 350,000 tons. The complex, being 
erected at Zaluzi, was scheduled for com- 
pletion in 1970. According to a published 
report on the Czechoslovakia nitrogen in- 
dustry, production of fertilizer grew by 39 
percent from 1964 to 1965 and 15 percent 
from 1965 to 1966. A target of 400,000 
tons of fertilizer nitrogen was established 
for 1970, a growth rate of about 11 per- 


cent.* 

3 Nitrogen (London). No. 46, March/April 
1967, p. 12. 

4 Nitrogen (London). Czechoslovakia. No. 50, 
November-December, 1967, pp. 17-20. 
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France.—Four new  1,000-ton-per-day 
anhydrous ammonia plants were scheduled 
to be operational by early 1969. Construc- 
tion was progressing on a plant at Carling 
for Soc. Ammoniac Sarro-Lorraine, a 
French-German company, owned by Saar- 
bergwerke A.G. (40 percent), Houilleres 
du Bassin de Lorraine (48 percent), and 
Charbonnages de France (12 percent). A 
170,000-ton-per-year urea plant was being 
erected in the Saar district near Perl, West 
Germany, jointly by the same French and 
West German firms. The ammonia plant 
was expected on stream by 1968 and the 
urea plant a few months later. Sté. Nor- 
mande de l'Azote (SNA), jointly owned by 
Office National de l'Azote (ONIA), Sté. 
Pierrefitte, and Cie. Francaise de Raffinage 
(CFR), was building its plant at Gonfre- 
ville near Le Havre. At the same site, SNA 
began erecting an 800-ton-per-day urea 
plant. The ammonia plant should be oper- 
ational in 1968. The third giant plant, also 
to be in production in 1968, was under 
construction at Grand Quevilly for Sté. 
Ammoniac de Grand Quevilly (AGQ), 
owned by ONIA, Péchiney-Saint Gobain, 
and Sté. Pierrefitte. Also, an 800-ton-per- 
day urea plant was planned for erection 
next to this ammonia plant. The fourth 
1,000-ton-per-day plant under construction 
was located at Nangis, southwest of Paris 
and was reported that it would be oper- 
ated by a newly formed company called 
Société des Engrais de l'Ile de France 
(SEIF). Production from this plant was 
not expected before late 1968 or early 
1969.5 

Germany, East.—The 170,000-ton-per- 
year ammonia plant, under construction in 
1966 at Schwedt-am-Oder was on stream. 
A fertilizer plant erected along with the 
ammonia unit was expected to have an an- 
nual output of 500,000 tons of calcium 
nitrate. 

Germany, West.—Salzgitter Chemie 
GmbH., started up the first unit of a 
100,000-ton-per-year urea plant at Langels- 
heim. The annual capacity of the first unit 
was given as 60,000 tons. The second unit 
was expected on stream in 1968. 

Greece.—Government approval was 
given to Northern Greece Ammonia Co. to 
expand its 100,000-ton-per-year ammonia 
plant near Thessaloniki. The plant was 
part of a large complex started in May 
1964 and on stream in 1966. Financial and 
technical assistance for the project was sup- 
plied by Standard Oil Co. of New Jersey 
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and Thomas A. Pappas, of Boston, Mass. 
A doubling of the ammonia output is ex- 
pected by the expansion. An expansion 
program also was announced for the fertil- 
izer plant owned by Chemical Industries 
of Northern Greece, also at Thessaloniki, 
adding a 60,000-ton-per-year nitric acid 
plant and an 80,000-ton-per-year ammo- 
nium nitrate plant. 

India.—The total installed capacity for 
nitrogen fertilizer production totaled about 
496,000 tons nitrogen content at the begin- 
ning of the year. About 92 percent of this 
was in the public sector. Projects under 
construction or approved by the Govern- 
ment amounted to about 0.87 million ton 
of nitrogen for the private sector and 0.53 
million ton for the public sector. 

India’s largest private fertilizer complex 
plant, built for Coromandel Fertilizers, 
Ltd., at Vishakhapatnam, was dedicated in 
December. Coromandel is a consortium 
made up of International Minerals & 
Chemical Corp. and Chevron Chemical 
Co., both U.S. firms, and the Indian firm 
EID-Parry Ltd. The Coromandel complex 
included units for producing ammonia, 
urea, sulfuric acid, and phosphoric acid, as 
well as complex fertilizers. The annual 
production capacity was stated to be 260, 
000 tons of complex fertilizers and 16,500 
tons of urea.? 

The Government approved a proposal 
by Dharamsi Morarji Chemical Co. Ltd. 
(Bombay) to erect a diammonium phos- 
phate plant in Maharashtra in collabora- 
tion with the Kuwait Chemicals and Fertil- 
izer Co. (Kuwait). The agreement pro- 
vided for the Kuwait firm to supply, from 
Kuwait sources, liquid ammonia  (esti- 
mated 120,000 tons annually) and sulfur 
(estimated 200,000 tons annually) at com- 
petitive prices. 

Madras Fertilizers Ltd., jointly held by 
the Government of India and Amoco 
India, Inc., a subsidiary of American In- 
ternational Oil Co., awarded contracts for 
the engineering and construction of a large 
fertilizer complex to be erected near 
Madras. The complex was to include a 
single-train ammonia plant with a daily 
output of about 850 tons, a 950-ton-per- 
day urea plant, and a 1,250-ton-per-day 
compound fertilizer plant. About 30,000 
tons of the total ammonia output of more 


5 European Chemical News (London). France 
Orders Fourth Big Ammonia Plant. V. 11, No. 
260, Jan. 20, 1967. 

9€ Bureau of Mines. Mineral Trade Notes. V. 
65, No. 3, March 1968, pp. 18, 19. 
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than 200,000 tons was scheduled for use 
in the manufacture of industrial chemicals. 
The facility was to be completed and on 
stream early in 1970.’ 

Fertilizer Corporation of India Ltd., 
(F.C.I.) started construction on a fertilizer 
plant at Namrup which was scheduled for 
completion in 1968. An annual production 
of about 150,000 tons of ammonium sulfate 
was expected. Also, Fertilizer Corp. pro- 
posed an expansion of its Trombay fertil- 
izer facility, increasing ammonia produc- 
tion from 385 to 660 tons, urea output 
from 330 to 1,034 tons and nitrophos- 
phate from 1,200 to 5,000 tons per day.“ 
Construction of the Namrup plant ap- 
peared to be on schedule in 1967, and test- 
ing was to start in December. F.C.I. also 
had ammonia plants under construction at 
Durapur and at Cochin with initial pro- 
duction scheduled for October 1969, and 
at Barauni with production expected late 
in 1970. 

Japan.—As a result of being forced to 
accept a drastic cut in price for nitroge- 
nous fertilizers in order to secure con- 
tracts with mainland China for 1967 
delivery, the nitrogen industry arrived at 
a decision to replace existing small capacity 
plants with large modern units. 

Sumitomo Chemico Co. having com- 
pleted a new 750-ton-per-day ammonia 
plant in Nuhama, Shikoku, was planning 
to erect a 900- to 1,000-ton-per-day am- 
monia plant and closing down its 350-ton- 
per-day plants at Himeji and Befu. Showa 
Denko K.K. and Nissan Chemical Co. Ltd., 
both with new plants on stream, jointly pro- 
posed a 1,000-ton-per-day ammonia plant 
at Chiba, closing their old 270-ton-per-day 
plants. Toyo Koatsu Industries Inc. was 
considering a new ammonia 1,000-ton-per- 
day plant for Sakai, the site of a new 500- 
ton-per-day plant that started production in 
1966. Mitsubishi Chemical Industries Ltd. 
was contemplating a 1,000-ton-per-day am- 
monia plant to replace its existing 450-ton 
unit at the Kurosaki Works and its sub- 
sidiary’s (Mitsubishi Petrochemical Co.) 
200-ton-per-day plant at Yokkaichi. Mitsu- 
bishi also planned to erect an ammonium 
phosphate plant with a 200-ton-per-day ca- 
pacity.“ Tohoku Hiryo K. K. and Nippon 
Suiso Kogyo were reported to have decided 
on a joint venture to erect a 1,000-ton-per- 
day ammonia plant and phase out their 
existing plants of 275 tons combined out- 
put. Still another major nitrogen producer, 
Ube Chemical Industries Ltd., planned to 
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build a 1,000-ton-per-day ammonia plant. 

Korea, South.—Korea Fertilizer Co. Ltd. 
began producing urea at its newly erected 
facility in Ulsan. Daily capacities of 600 
tons of ammonia and 1,000 tons of urea 
were announced. Two other fertilizer 
plants were placed on stream in 1967, 
bringing the total to five and making 
South Korea self-sufficient in nitrogenous 
fertilizers. The five plants were reported to 
have a combined output of about 815,000 
tons, slightly more than the Republic's 
annual demand. 

Kuwait.—The Kuwait Petrochemical In- 
dustries Co. (KPIC) and the Turkish 
Nitrate Co. concluded an agreement on the 
construction of a chemical fertilizer plant 
near a refinery complex at Mersin, Turkey. 
Under the agreement, KPIC was to pro- 
vide 50 percent of the capital required for 
the Mersin plant and the ammonia was to 
be supplied from a new two-unit 1,600-ton- 
per-day plant being constructed in the 
Shuaiba industrial area of Kuwait. The 
Mersin plant was expected to use about 
one-half of the output of the new am- 
monia plant. The remainder was planned 
for use in expanding the urea production 
of the Kuwait Chemical Fertilizer plant. 
When the new ammonia plant is put on 
stream, expected sometime in 1969, Ku- 
wait's annual ammonia production capac- 
ity will be increased to about 700,000 tons. 
A third 800-ton-per-day plant was being 
considered for the near future. 

Mexico.—Construction on two ammonia 
plants for Petroleos Mexicanos (PEMEX), 
was completed, one at Ciudad Camargo, 
Chihuahua, with a 330,000-ton annual 
capacity and the other at Guaymas, Sonora, 
with a 78,000-ton annual capacity. PEMEX 
also had a 330,000-ton-per-year ammonia 
plant under construction at Minatitlan and 
announced plans for a 220,000-ton-per-yea: 
plant to be established at Campeche.!? The 
Minatitlan plant was scheduled for com- 
pletion in March 1968. 

Netherlands A  1,000-ton-per-day am- 
monia plant was completed and on stream 
at Pernis, Rotterdam, for Ammoniak Unie 
N.V. The plant was designed to use nat- 


7 Commercial Fertilizer and Plant Food In- 
dustry. V. 115, No. 3, September 1967, p. 17. 

8 Chemical Age (London). Three-Fold Expan- 
sion of Trombay Fertiliser Unit Planned. V. 96, 
No. 2451, July 2, 1966, p. 25. 

dis FOROR: No. 50, November-December 1967, 
p. 13. 

19 European Chemical News (London). Pemex 
NH; Units Now Being Built. V. 10, No. 255, 
Dee. 9, 1966, p. 22. 
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ural gas as feed stock. 

Nederlandse Stikstof Maatschappij N.V. 
brought on stream a 185,000-ton-per-year 
ammonia plant in 1966 and a second plant 
of the same size was completed late in 
1967. In addition, the firm had a new urea 
plant under construction to provide an 
annual output of nearly 200,000 tons. The 
urea plant was scheduled for completion 
in the summer of 1968. 

Esso Chemie N.V. announced that the 
300,000-ton-per-year ammonia facility pro- 
posed in 1965 would be increased in size by 
50 percent. Construction was started dur- 
ing the summer of 1966 and was scheduled 
for completion in 1968. The new facility 
was to include a nitric acid plant, a urea 
plant, and a 350,000-ton-per-year calcium 
ammonia nitrate unit.!! 

Norway.—Norsk Hydro-Elektrisk, A/S, 
producer of most of the nitrogenous pro- 
ducts in Norway, completed an expansion 
of its complex fertilizer facility at Heróya 
early in 1966. The firm's annual urea 
capacity was increased from 150,000 to 
250,000 tons. By the end of 1966, the 
company's total ammonia output per year 
was 560,000 tons, about one-third more 
than in 1965 due to its new 120,000-ton- 
per-year plant at Herøya. A second am- 
monia plant with an annual capacity of 
350,000 tons was scheduled for initial pro- 
duction early in 1968.” 

Pakistan.—A 115,000-ton-per-year am- 
monia plant and a 200,000-ton-per-year 
urea plant were being constructed at 
Daharki, West Pakistan, for Esso Pakistan 
Fertilizer Co., Ltd. Both units were due on 
stream by mid-1968. 

Philippines.—Esso Standard Fertilizer & 
Agricultural Chemical Co. dedicated its 
new $31 million fertilizer plant at Limay 
in 1966. The plant was reported to have a 
daily capacity of more than 1,000 tons of 
ammonia, urea, ammonium phosphates, 
and complete fertilizers.!? 

Poland.—The nitrogen combine began 
ammonia production at its huge new plant 
in Pulawy in 1966, and by yearend 1967, 
three 330-ton-per-day units were operating. 
Two more 330-ton units were being con- 
structed for operation in 1968. In addition, 
three | 500-ton-per-day ammonia plants 
were planned for the Pulawy facility. Con- 
tracts were signed for constructing a large 
fertilizer complex at Wloclawek, 93 miles 
northwest of Warsaw, valued at about $61 
million. The complex includes a 500,000- 
ton-per-year ammonia plant built in two 
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streams of 250,000 tons each; two nitric 
acid units, each with an annual capacity 
of 300,000 tons; an ammonium nitrate 
plant with an annual output capacity of 
800,000 tons, in two streams of 400,000 
tons each 17 

Rumania.—Masinimport (Rumanian 
State organization) signed a contract in 
1966 with a Belgian engineering firm to 
supply and install two identical ammonia- 
based fertilizer plants; one at Craiova and 
the other at Turnu Magurele. Each plant 
was to have the following annual capac- 
ities: 300,000 tons of ammonia, 295,000 
tons of urea, 238,000 tons of nitric acid, 
and 295,000 tons of ammonium nitrate. 
Both plants were scheduled for production 
near the end of 1968.15 Engineering work 
was completed in 1967 and equipment 
was ordered for installation. 

Saudi Arabia.—Saudi Arabian Fertil- 
izers Co. (SAFCO) awarded a contract in 
1966 for the design and construction of a 
$30 million nitrogenous fertilizer plant to 
be erected at Dammam, on the Arabian 
Gulf. The contract included a 600-ton-per- 
day ammonia plant and a 1,020-ton-per- 
day urea plant, both to be on stream in 
1969. Occidental Petroleum Corp. was 
named to supervise the construction and 
operation of the project and to train Saudi 
technical and labor personnel. Occidental’s 
subsidiary, International Ore & Fertilizer 
Corp., was selected to market the urea pro- 
duct. 

South Africa, Republic of. A 600-ton- 
per-day single-train ammonia plant was 
completed for African Explosives & Chem- 
ical Industries Ltd., at Umbogintwini near 
Durban. A major portion of the ammonia 
output was planned for manufacturing 
urea at its 190,000-ton-per-year fertilizer 
urea plant at the same site. Fisons (Pty.) 
Ltd. also completed a nitrogenous fertilizer 
plant at Milnerton, near Cape Town. The 
new plant was designed for an eventual 
annual capacity of 85,000 tons of nitrogen 
as ammonia but was to produce only 50,- 
000 tons initially. 


11 Chemical Age (London). Esso to Boost 
Dutch Ammonia Capacity. V. 95, No. 2449, June 
18, 1966, p. 1116. 

12 Bureau of Mines. Mineral Trade Notes. V. 
64, No. 9, September 1967, pp. 35-36. 

13 Commercial Fertilizer and Plant Food In- 
dustry. V. 112, No. 3, March 1966, p. 44. 

14 Bureau of Mines. Mineral Trade Notes. V. 
64, No. 8, August 1967, pp. 6-7. 

15 European Chemical News (London). Sybetra 
Gives Details of $60 Million Rumanian Order. 
V. 9, No. 212, Feb. 11, 1966, p. 22. 

16 Commercial Fertilizer and Plant Food In- 


dustry. V. 113, No. 5, November 1966, p. 58. 


NITROGEN 


Sweden.—Stockholm Superfosfat Fabriks 
A.B. put its nitrogenous fertilizer plant on 
stream at Landskrona in 1966. The facility 
was reported capable of producing about 
60,000 tons of nitric acid and 84,000 tons 
of calcium ammonium nitrate annually. 

Turkey.—At yearend, two ammonia sul- 
fate plants were producing, one at Kutahya 
with about a 200,000-ton-per-year and 
one at Karabuk with a 6,000-ton-per- 
year plant capacity. Also at Kutahya, an 88,- 
000-ton-per-year ammonium nitrate plant 
was in production. A large nitrogenous 
fertilizer plant was to be constructed at 
Mersin, Turkey, on the Mediterranean Sea. 
(See Section on Kuwait. ) 

United Kingdom.—A new 300,000-ton- 
per-year urea plant was put on stream in 
1966 by Imperial Chemical Industries Ltd. 
(ICI) at its Billingham Works on the Tees 
estuary. In 1967, ICI put on stream three 
new 300,000-ton-per-year ammonia plants 
at Billingham and one new 200,000-ton- 
per-year ammonia plant at Immingham. 
The company was planning to phase out 
older plants (500,000 tons of product) as 
the four new ones were being brought up 
to full capacity. One of the facilities to be 
closed was said to be the firm’s first-built 
ammonia plant at Castner-Kellner Works, 
Runcorn. 
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Shellstar Ldt., owned jointly by Shell 
Chemical Co., Ltd., and Armour & Co., 
awarded a contract in 1966, for a $50 mil- 
lion fertilizer complex to be built at Elles- 
mere Port. The facility scheduled to go on 
stream in 1968 included a 300,000-ton-per- 
year ammonia plant, a 280,000-ton-per- 
year nitric acid unit, and an ammonium 
nitrate plant with annual capacity of 330,- 
000 tons. 

Yugoslavia.—A large nitrogenous fertil- 
izer complex was scheduled to be built at 


Prestina near the Albanian border. A con- 
tract for design, engineering, and super- 
vision of construction was signed with 
Montecatini, Soc. Generale per 1’Industria 
Mineraria e Chimica (Italy). The plants 
to be included in the project were a 109,- 
000-ton-per-year ammonia unit, a 178,000- 
ton-per-year nitric acid unit, and a 274,- 
000-ton-per-year ammonium nitrate unit.!“ 

Zambia.—It was reported that Kobe 
Steel Co. (Japan) was awarded a contract 
by the Zambian Government to erect a 
fertilizer plant at Kafue. The facility was 
to have an annual capacity of 26,000 tons 
of ammonia and to include nitric acid and 
ammonium nitrate units.! This will be the 
first fertilizer plant to be built in Zambia. 


TECHNOLOGY 


Reduction in production costs appeared 
to be the principal goal in the research 
and development on ammonia, nitric 
acid, and urea during the last 2 years. The 
trend of new ammonia plants remained 
with  large-capacity, ` 1,000-ton-per-day 
single-train units using single centrifugal 
compressors. A high-discharge centrifugal 
compressor was developed by Norsk Hydro- 
Elektrisk A/S plant in Heroya. The new 
compressor was said to be capable of 
achieving a discharge pressure of 290 at- 
mospheres compared with 160 atmospheres 
for other centrifugal compressors. Operat- 
ing advantages as well as cost savings were 
claimed.!? 

A new design ammonia converter was 
installed in the Continental Oil Co., 1,000- 
ton-per-day plant at Blytheville, Ark. In 
the new converter, designed by Haldor 
Typsoe of Helbrup, Denmark, the synthesis 
gas flows radially through a smaller cata- 
lyst bed at a lower velocity and with a 
lower pressure drop than in the old con- 
ventional converters through which the gas 


flowed axially. The new converter may per- 
mit plants with capacity as large as 3,000 
tons per day to operate with a single unit. 
Proponents of the Topsøe converter claim 
that power costs are less and that a single 
Topsge unit can be erected cheaper than 
two smaller converters of the same total 
capacity. Some engineering firms, however, 
were not convinced. 

Toyo Koatsu Industries Ltd. (Japan), 
developed an integrated process which was 
said to reduce production costs for am- 
monia and urea. The company claimed the 
capital cost of a plant using the new proc- 
ess would be 5 to 10 percent less than one 
using the conventional process. Also the 
production cost for urea would be 6 to 7 


17 European Chemical News (London). Monte- 
catini Fertilizer Plant for Yugoslavia. V. 9, No. 
217, Mar. 18, 1966, p. 22. 

18 Nitrogen. No. 47, May-June 1967, p. 9. 

19 Cheaper Ammonia With Pignone Compres- 
sors. V. 10, No. 245, Sept. 30, 1966, p. 36. 

European Chemical News (London). Pignone 
Compressor Lowers Ammonia Costs. V. 9, No. 
209, Jan. 21, 1966, p. 30. 

20 Chemical Week. Cutting Big Plants Down 
to Size. V. 98, No. 9, Feb. 26, 1966, pp. 97-98. 
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percent less. The number of processes for 
making urea have been growing with the 
increased importance and demand for urea. 
An article was published which discussed 
a number of these processes including 
Chemico, Lonza-Lummus,  Stamicarbon, 
SNAM, and Toyo Koatsu.?! 

Another new urea process, called the 
CPI-Allied Chemical process, was an- 
nounced. The process is based on the 
recovery and recycle of unconverted NH; 
and CO; as pure components and does not 
involve a carbonate recycle. Corrosion is 
controlled by lining the synthesis reactor 
with zirconium. The reactor can operate at 
380° to 450° F compared with 375° F for 
other processes permitting a higher con- 
version rate of CO; to urea. About 80 to 
85 percent conversion was claimed.” 

Another new improved urea process was 
developed by Societa Nazionale Metano- 
dotti (SNAM), a division of Italy’s ENI 
group. The new design was said to offer 
considerable heat economies and to achieve 
total recycle in a single-stage operation 
thus reducing production costs. A rather 
detailed report was published on the new 
process.”* 

Even though production costs for pro- 
ducing ammonia have been dropping 
mainly because of larger capacity plants 
and advanced equipment, recent research 
suggests that a radical processing change 
may be on its way which would cut both 
capital and production cost significantly. 
The new approach to nitrogen fixation, in 
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the minds of some research scientists, is 
through the use of a homogeneous molecu- 
lar catalyst.” 

A possible new use for industrial am- 
monia was reported by a research team 
from the Pulp & Paper Research Institute 
of Canada. According to the Scientists, 
chlorinated chemical pulps exposed to a 1 
to 2 percent mixture of ammonia in stream 
produces higher yields of pulps without 
loss of viscosity and at an estimated saving 
of 70 cents per ton in cost.” 

A tremendous new market for nitrogen 
gas may be developing. Two big gas pro- 
ducers, Union Carbide Corp., Linde Divi- 
sion, and Big Three Industrial Gas & 
Equipment Co., were promoting the use of 
nitrogen gas as a replacement for air in 
motor vehicle tires. The producers claimed 
that tires inflated with nitrogen would 
wear longer, have more resistance to crack- 
ing, and enable the tires to hold up under 
conditions that normally would cause them 
to burst.” 


21 Chemical Engineering. Scanning the New 
Urea Processes, Side by Side. V. 78, No. 25, 
Dec. 5, 1966, pp. 76-78. 

22 Chemical Engineering. New Urea Process 
Boasts High Yields, Low Costs. V. 73, No. 20, 
Sept. 26, 1966, pp. 96-98. 

23 Chemical Engineering. Simplified Process 
Reduces Urea's Production Costs. V. 73, No. 16, 
Aug. 1, 1966, pp. 51—53. 

24 Chemical Week. New Route to Ammonia ? 
V. 100, No. 3, Jan. 21, 1967, pp. 64-65. 

25 Chemical Week. V. 100, No. 19, May 13, 
1967, p. 74. 

26 Chemical Week. Tires: New Market for 
Nitrogen? V. 101, No. 10, Sep. 2, 1967, p. 19 


Peat 


By Eugene T. Sheridan 


Peat production increased 1 percent in 
1967 although there were 13 fewer active 
operations than in 1966. Most of the in- 
crease was the result of larger outputs in 
Florida, Illinois, New Jersey, and Wash- 
ington. 

There were 131 active operations in 
26 States. Michigan produced 38 per- 
cent, the largest share of total output. 
Illinois, New Jersey, Pennsylvania, Wash- 
ington, Indiana, California, Florida, New 
York, and Colorado, in that order, yielded 
another 51 percent. 

Fifty-three percent of the production 
was reedsedge peat, 25 percent was 
humus, and the remainder was moss peat. 
Fourteen percent was sold as excavated 
with no processing other than air drying. 
The remainder was shredded or pulver- 
ized, screened, and, in a few instances, 
subjected to thermal drying. 

Virtually all peat was sold for agri- 
cultural and horticultural use. Producers 


reported that 94 percent was sold for 
general soil improvement. Fifty-one per- 
cent of the peat sold was packaged. Mich- 
igan produced more than one-half of the 
packaged material. Most of the remainder 
came from California, Illinois, Indiana, 
Iowa, Minnesota, New Jersey, New York, 
and Pennsylvania. 

Total value of commercial sales was 
$6.8 million. All peat was sold at an aver- 
age value of $10.92 per ton. 

Imports decreased 4 percent, prin- 
cipally because of a decline in shipments 
from Canada. Imports from Europe, how- 
ever, were 10 percent larger than in 1966. 

World production was estimated at 202 
million tons, excluding outputs from 13 
countries that reportedly produced peat 
in 1966, but for which data were not 
available for 1967. The U.S.S.R. was the 
largest producer with an estimated output 
of 200 million tons, 99 percent of the 
estimated world total. 


Table 1.—Salient peat statistics 


1964 1965 1966 1967 
United States: 
Number of operations 142 146 144 131 
Produetie nnn 224 ex short tons.. 649, 033 604,082 611,085 617,172 
Commercial aaleg -2-2-2-2 do.... 9,690 630,746 605,858 619,687 
Value of sales- -2-2-2-2 -------- thousands.. $6,199 6,080 $6,501 $6,768 
Average per ton $9.69 $10.07 $10.73 $10.92 
Imports- ß pee short tons.. 270,419 275,462 r 293 ,843 290 , 842 
Available for consumption III. do.... 910,109 879 ,208 r 899,701 900 , 529 
World production. ............... thousand short tons.. 183,827 188,643 210,586 201,991 
r Revised. 
1 Commercial sales plus imports. 
PRODUCTION 


As a result of continued strong demand 
for soil improvement purposes, production 
of peat increased 1 percent to 617,172 
tons although the number of operations 
decreased from 144 to 131. Most of the 
increase was the result of the larger out- 
puts in Florida, Illinois, New Jersey, and 


Washington. However, production in 14 
other States was less than in 1966. 

Of the 26 peat- producing States in 
1967, the industry concentrated in five 


States bordering the Great Lakes—Illi- 


1 Mineral Division of Mineral 


Studies. 
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Figure 1.—Production, imports, and available supply of peat in the United States. 


nois, Indiana, Michigan, New York, and 
Pennsylvania—and in New Jersey. The 
54 active operations in these States pro- 
duced 70 percent of the output. 
Michigan was the largest producer of 
peat, with 26 operations and 38 percent 
of the production. Although two small 
operations that were active in 1966 did 
not produce peat in 1967, Michigan’s 
output increased about 0.5 percent. Other 
major producing States in order of out- 
put were Illinois, New Jersey, Pennsyl- 
vania, Washington, Indiana, California, 
Florida, New York, and Colorado. 
Except for a relatively few plants, peat 
operations were small; output per plant 
in 1967 averaged only 4,711 tons. Morc 
than one-third of the number of active 
plants, however, produced less than 1,000 


tons, and only four produced more than 
25,000 tons. 

Of the reported production, 53 percent 
was reed-sedge peat, 25 percent was 
humus, and the remainder was moss peat. 
Before it was sold, 86 percent was sub- 
jected to processing, by either shredding 
and/or artificial drying. 

Production methods varied, but virtu- 
ally all peat was extracted mechanically. 
Equipment consisted mainly of conven- 
tional excavating and earth-moving ma- 
chines. Specialized machines such as har- 
vesters, cultivators, milling machines, 
ridgers, and scrapers also were employed. 
Processing machinery included a variety 
of shredders, pulverizers, grinders, ham- 
mermills, screens, artificial dryers, and 
hydraulic presses. 


Table 2.—Peat produced in the United States in 1967, by kinds 
(Short tons) 


970 


Processed 
Kind Unprepared ——————————————— Total 
Shredded Shredded and 
kiln-dried 
W Q AW. Z EE SSS sy Nep e T P 10,489 108 , 684 15,544 134,717 
UU x o ios rn ee 27,725 288 ,663 8,637 325,025 
Se EE Su suis Nghe mE 48,6'16 106,043 2,711 157,430 
TUBE — — 86,890 503, 390 26, 892 617,172 
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Table 3.—Production and commercial sales of peat in the United States 
in 1967, by State 


Commercial sales 


— 


State Active Production Value 
plants (short tons) Short — —ů— 
tons Total Average 
(thousands) 
/ AA 2 sce soko 1 1, 528 1,528 $12 $8.00 
Caâaliforniâ lex eee Gea 4 30,014 30,014 896 13.21 
Colorado. ........-----.---.----.--.---- 14 21,988 21,988 204 9.29 
Fei. ð V ĩ aAa 6 27,580 22,180 155 7.00 
S ³ aMn 2 W W 
Idaho: beg ee 1 2,040 2,040 16 7.69 
ino, E E E 5 49,716 49,716 697 14.01 
ETA EE 5 33, 528 42, 962 441 10.27 
TOW EE 2 w W W 
CJôðÄ˙ê5¹U ] yaz a muu pa 2 W W W W 
Maryland. kk ³ 2 W W W W 
Massachusetts 2 W W W 
Meili 8 26 234,489 237,107 2,292 9.67 
Minnesota 6 13,968 13,968 257 18.40 
Montes ullu SS 1 W W W 
Nevada __ coo c obest Je oe Le 1 W W W 
New Hampshire........................- J 50 (2) 9.70 
New Jersey... ~~~ eee 5 45,045 43,045 542 12.60 
New YOrIR.. ß es ccs see 5 23,053 23,058 232 10.60 
North Dakota 1 W W 
NO ising col Artic - 15 7,405 7,301 100 18.68 
BI EE 1 - W W 
Pennsylvania. .......... 2. .-2.- 222.22... 8 41,560 89,505 4817 11.06 
South Carolina 1 W W 
Vermennn n a aN 1 280 280 4 14.29 
Woahington ----- 111 40,869 40,608 181 4.45 
Wisconsin 3 1,828 1,823 W W 
fuo: M ———— m 131 617,172 619,687 6,768 10.92 
W Withheld to avoid disclosing individual company confidential data; included in total. 
! Excludes 1 plant which had sales but did not produce. 
2 Less than } unit. 
Table 4.—Relative size of peat operations in the United States 
1966 1967 
Size Active plants Production Active plants Production 
Num- Percent Short Percent Num- Percent Short Percent 
ber of total tons of total ber of total tons of total 
Under 500 tons 97 25.7 8,135 1.3 27 20.6 5,163 .8 
500-999 tons 15 10.4 12,110 2.0 18 13.7 12,033 1.9 
1,000-4,999 tons 68 43.8 149,349 24.4 53 40.5 118,252 19.2 
5,000—14,999 tons 18 12.5 159,975 26.2 26 19.8 229,510 87.2 
15,000-24,999 tons 6 4.1 99, 895 16.4 3 2.3 64,143 10.4 
Over 25,000 tons 5 3.5 181,621 29.7 4 3.1 188,071 80.5 
Total cuoco tech 144 100.0 611,085 100.0 181 100.0 $17,172 100.0 


CONSUMPTION AND USES 


The 13,829-ton increase in producers’ 
sales of domestic peat was offset by a de- 
crease in imports in 1967, placing a quan- 
tity of peat equal to that of 1966 on the 
market. 

Although peat was used for a variety 
of purposes, 94 percent of the total was 
sold for general soil improvement. Among 
the principal markets, nurseries and green- 


houses used the material as a mulch and 
as a medium for growing plants and 
shrubs; landscape gardeners and con- 
tractors used peat for building lawns and 
golf course greens and for transplanting 
trees and shrubs; and garden, hardware, 
variety, chain, and drug stores sold peat 
to homeowners for mulching and improv- 
ing lawns and garden soils. The remainder 
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was sold for use in potting soils, mixed 
fertilizers, packing flowers and shrubs, 
seed inoculant, and mushroom beds. No 
peat was reported sold for fuel or energy 
use. 

Producers’ sales were about evenly 
divided between the bulk and the pack- 
aged product. Bulk sales were about 2 
percent, and packaged sales about 3 per- 
cent, higher than in 1966. Of the total 
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packaged peat sold, about two-thirds was 
the reed-sedge type principally from 
Michigan. Other States leading in sales 
of packaged peat were Illinois, Cali- 
fornia, Indiana, New York, Minnesota, 
and New Jersey. Detailed data on bulk: 
and packaged sales in each State were 
not shown because they would have re- 
vealed individual company confidential 
data. 


Table 5.—Commercial sales of peat in the United States in 1967, by kinds and uses 


Š Moss Reed-sedge Humus 
se — RETE EET ETE EEEE SEEE E EER ee . 
Short tons Value ! Short tons Value 1 Short tons Value 1 
(thousands) (thousands) (thousands) 
Bulk: 
Soil improvement 54,216 $496 96,598 $885 127, 542 $807 
Other uses 944 8 3,318 42 20,976 199 
Total. ._---------- 55,220 504 99,911 927 148,518 1,006 
Packaged: | 
Soil improvement 80,273 1,361 205,798 1,980 17,233 266 
Other uses 48 2 10,773 548 1,913 178 
Total. Ee 80,321 1,363 216,571 2,529 19,146 440 
Total: 
Soil improvement. 184,549 1,858 302, 396 2, 865 144, 775 1,078 
Other uses 992 10 14, 086 591 22,889 873 
Grand total 135,541 1,867 816,482 3,456 167,664 1,446 
1 Data may not add exactly to totals shown owing to independent rounding. 
Table 6.—Commercial sales of peat in the United States in 1967, by uses 
Š In bulk In packages Total 
ge pn————————————————— CE — S O D O D — et ee 
Short tons Value! Short tons Value! Shorttons Value! 
thousands) (thousands) (thousands) 
Soil improvement 278 , 416 $2,188 303,304 $3,608 581, 720 $5,795 
Potting sols 9,6 83 9,55 534 9,221 617 
Packing flowers, shrubs, ete.2__ _ _ _ _ ` 8,652 88 1,269 16 9.921 104 
Seed inoculantt 290 4 1,913 178 2,208 178 
Mushroom beds. ..................- 741 Be oem E 741 8 
In mixed fertilizers. ... ............. 5,881 ) AAA 5, 881 67 
S/ oe a 803,649 2, 487 816,038 4,381 619,687 6,768 


! Data may not add exactly to totals shown owing to independent rounding. 


? Includes small amount sold for earthworm culture. 


PRICES AND SPECIFICATIONS 


In the United States, peat is generally 
classified as moss peat, reed-sedge peat, 
and humus. Moss peat is a type that has 
formed predominantly from sphagnum, 
hypnum, and/or other mosses, whereas 
reed-sedge peat has originated principally 
from reeds, sedges, and associated swamp 
plants. In both types the plant remains 
are identifiable. Humus includes all peat 


that is so decomposed that its botanical 
identity cannot be determined. The Fed- 
eral Trade Commission regulates the 
labeling and marketing of all peat sold 
in the United States. Peat sold to the 
Federal Government is subject to speci- 
fications developed by the Federal Supply 
Service, General Services Administration. 
The latest specification, Q—P-166e, May 


PEAT 


10, 1961, is in general conformity with the 
classification system, but the moss peat 
type is subdivided into “sphagnum-moss 
peat” and “other moss peats.” 

The total value, f.o.b. plant, of all peat 
sold in the United States in 1967 was 
$6.8 million, a 4-percent increase over 
the total value reported for 1966 and the 
highest value reported to date. The in- 
crease was the result of a 2-percent rise 
in sales and a $0.19-per-ton increase in 
the average value of all peat sold. 

Prices varied greatly as the selling prices 
at individual plants were based on the 
type of peat, the amount of processing, 
and whether it was sold in bulk or pack- 
aged. The overall average value of bulk 
peat was $8.03 per ton, but bulk prices 
ranged from an average of $7.86 per ton 
for peat sold for general soil improvement 
to $14.17 per ton for peat sold for seed 
inoculant. The same criteria are appli- 
cable to packaged peat, which averaged 
$13.71 per ton but ranged in average 
plànt price from $11.89 per ton to $90.68 
per ton. 

The total value of imported peat was 
$12.3 million, a 6-percent increase over 
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that in 1966. This value, established at 
the port of embarkation, was roughly 
equal to prices paid by importers, minus 
transportation and other miscellaneous 
charges. In some instances, ocean freight 
and other nondutiable charges such as 
insurance may have been included in 
this value. 

The average value per ton of imported 
peat was $43.71, an increase of about 10 
percent over the 1966 average value. Most 
of this increase was the result of higher 
prices of peat imported from Canada. 

The unit value of imported peat was 
3.2 times that of packaged domestic peat. 
However, the values are not comparable 
because they were assigned at different 
marketing levels. Imported peat has dif- 
ferent properties than most U.S. peat, and 
it is usually sold on a volume basis rather 
than by weight. Each 100 pounds of a 
typical air-dried, imported peat will meas- 
ure approximately 12 bushels, whereas the 
same quantity of a typical domestic. peat 
will measure only 3 or 4 bushels. Only a 
few U.S. peat operations produce peat 
with properties similar to those of the 
imported type. 


Table 7.—U.S. imports for consumption of peat moss, by kinds and by countries 


Poultry and Fertilizer grade Total 
stable grade 
Country 
Short Value Value Value 
tons (thou- Short tons (thou- Short tons (thou- 
sands) sands) sands) 
1966: 
Belgium-Luxembourg.............. ----. —----- 22 $1 22 $1 
Canada. u ee ee 3,468 $174 262,720 10,378 266,188 10, 552 
Fl ³ðVLKA 8 812 32 812 32 
Germany, West. ...- 22. ..-- 208 10 17,171 661 17,379 671 
Ireland. n eee se 304 11 2,325 95 2,629 106 
000é§öÜòũ.ʒ aE 18 A. Se ees eee et 18 4 
Netherlands 22 (1) 44 2 66 2 
New Zealand... ...... 2... ³ 2.22.22 82 5 82 5 
V/Ä 5 Sai ce ier anri 15 7 15 7 
Poland and Danzig 5, 858 200 5, 858 200 
% “] “t“ſg.Agꝙſ km EE," Ste 681 31 681 31 
United Kingdom. __._.. ----. ....-- 93 4 93 4 
CTOUBl- 22 oL lu sum cami E dE 4,020 199 289,828 11,416 293, 8438 11,615 
1967: 

Cameroon- nn 46 2 
CR ß 3,272 172 247, 155 10, 849 250, 427 11,021 
Denma knn coca aa --..-... 36 80 936 30 
Finlandia 13 1 76 9 89 10 
Germany, West .. ll. lll. 269 18 22,005 890 22 ,274 903 
Ireland... ee ee ELI 40 2 701 34 741 86 
Mexico... . 222MM 3 7 I. eS tA! ete 7 1 
Netherlands ----. ------ 247 10 247 10 
INOPWAY et, tee, ek 64 14 64 14 
Poland and Danzig... 5,285 209 5,285 209 
90... . 8 726 41 726 41 
KC BEA 8,601 189 277,241 12,088 280,842 12,277 


1 Less than 1⁄4 unit. 
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FOREIGN TRADE 


The quantity of peat imported in 1967 
decreased 4 percent from that of 1966, 
ma‘ny because of the 6-percent reduction 
in Canadian shipments. Canada, however, 
continued to supply the bulk of foreign 
peat providing 89 percent of the 280,842 
tons imported. Virtually all of the re- 
mainder came from Europe, except for 
very small tonnages shipped from Africa 
and Mexico. 

European imports increased 10 percent, 
owing mainly to increased shipments from 
West Germany. Poland and Danzig sent 
most of the remainder, but peat was also 
received from Ireland, the Netherlands, 
and the four Scandanavian countries. 
Ireland's contribution to 1967 imports 
dropped somewhat sharply to less than 


1,000 tons, 72 percent less than 1966 
shipments from that country. 

Imported peat was classified according 
to use as either poultry and stable grade 
or fertilizer grade. Of the total, 98.7 per- 
cent was fertilizer grade which entered 
the United States duty free. A duty of 
$0.25 per long ton was levied on poultry 
and stable grade peat. 

Most of the imports entered the United 
States through customs districts at Ogdens- 
burg and Buffalo, N.Y., Seattle, Wash., 
St. Albans Vt, Detroit, Mich, and 
Pembina, N. Dak. Most of this peat was 
fertilizer-grade material produced in 
Canada. West German shipments, also 
chiefly fertilizer grade, passed principally 
through eastern and gulf-coast ports. 


Table 8.—U.S. imports for consumption of peat moss in 1967, by kinds 
and by customs district 


Poultry and Fertilizer grade Total 
stable grade 
Customs district ——————— — —— Fo 
Short Value Value Value 
tons (thou- Short tons  (thou- Short tons (thou- 
sands) sands) sands) 
Baltimore, Md --.-- ------ 2,322 $105 2,822 $105 
Boston, Mass 67 26 678 26 
Buffalo, N.Y ß Sole a 120 $7 26,159 1,131 26,279 1,138 
Charleston, SC. 8 27 819 27 
II,, ee les, ebe 12 1 12 1 
Cleveland, Ohio 48 2 48 
Detroit, Mio gk 801 38 40,312 1,782 41,113 1,815 
Dulütl; Mifi- ;ñ;ĩ?⁵r ͥ eR beue neuer 1,446 58 1,446 58 
Galveston, "Ter. 31 VVV 31 
Great Falls, Montt 5,753 259 5, 753 259 
Honolulu, Hawaii 4 (1) 208 12 212 12 
Houston; Eege y (Shee: Queste 751 30 757 80 
Laredo, Tꝶckk n 7 1 40 1 47 2 
Los Angeles, Cali 118 6 1,436 70 1,554 16 
Miami, Fla 13 760 30 773 31 
Milwaukee, Wiss 131 4 131 4 
Minneapolis, Minn 9 (1) 9 (1) 
Ml 8 2,194 94 2,194 94 
New Orleans, La ----- ------ 3,195 129 3,195 129 
New York City 40 2 4,598 204 4,638 206 
Nogales, Ari 83 J T0000 33 3 
Norfolk, Va. 93 4 2,650 103 2,743 107 
Ogdensburg, N.Y yyy 88 4 62,357 2,418 62,395 2,414 
Pembina, N. Dak -2.222222 1,568 98 15,642 656 17,210 164 
Philadelphia, Pa ` 27 1 2,994 115 3,021 116 
Portland, Maine 3,128 153 8,128 153 
Portland, Ore... o neos %Ä—oQ3.. W ---.--- 148 148 
St. Albans, Vt_-__ 515 20 44, 408 1,751 44,978 1,771 
San Francisco, Cali 1,029 3 1,029 3 
San Juan, k eee Aere, E 108 6 108 6 
Savannah, d ð AMORES Lettie 880 35 880 35 
Seattle, Wag) 133 10 47,675 2, 629 47, 808 2, 639 
Tampa. h7!7) ) cm GS SSO. esses 5,281 216 5,281 216 
Wilmington, N. CCCCCC0coco h. ....d 69 69 
Total. AA a ek 3,601 189 277,241 12, 088 280, 842 12,277 
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Table 9.—Peat moss imported from Canada and West Germany for consumption in the 


United States in 1967, by 


Canada 


Poultry and 
stable grade 


Short 


Customs district 


Value 
tons (thou- 
sands) 
Baltimore, Md ..... ..-.. -- 
Boston, Mass. 
Buffalo, N. 120 $7 
Charleston, S.CCOcœ́.rc -t... 
Chicago; ll! veils, Sm SS 
Cleveland, Ohio 
Detroit, Mice g 801 33 


Galveston, "Tex 
Great Falls, Mont............. 
Honolulu, Hawaii 4 (1) 
Houston, "Tex 
Laredo, "Tex -2222-2 ----- 
Los Angeles, Calif. 
Miami, Fla. .................- 
Milwaukee, Wiss 
Minneapolis, Minn 
Mobile, Als -2222-2-22 
New Orleans, La -------.-- 
New York City 
Nogales, Ans -2-2 33 3 
Norfolk, Va 
Ogdensburg, N. yy 38 1 
Pembina, N. Dak 
Philadelphia, Pa.. 
Portland, Maine 
Portland, Ore 
St. Albans, Vril... 
San Francisco, Cali 
San Juan, P.R 
Savannah, Gaa .. 
Seattle, Wag 
Tampa, Fla. 
Wilmington, N.C.............- 


e e es mm mm =e wm we zm 
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1 Less than Le unit. 


kind and by customs district 


Poultry and 


Fertilizer grade 
stable grade 


West Germany 


Fertilizer grade 


Short Value Short Value Short Value 

tons (thou- tons (thou- tons (thou- 

sands) sands) sands) 
J ͤ K cium 1,844 $53 
))) 8 ene 319 14 
26,159 $1,131 ..... CI eee 
%%% ͤ PTT n 695 22 
12 d. octo „ betes, fila fe 
uber. | "ES 48 2 
40,312 1782 FP 
1,446 58 2.2.2- HORTUS ENSE 
CC 31 FFP 
5,753 259 2.2 0 
208 2 J —— 
5) òĩðùi en dert? 396 17 
% P OM 40 1 
13 1 118 6 934 43 
CCC Tu 547 22 
38 2: xri NEN 93 2 
9 (Dr eccl. CCC 
mnc 8 Ges 2,173 93 
METEO HP UR AE 1,963 79 
1 FIRE VERRE 3 2,911 122 
3 93 4 1,708 69 
62,357 rr 
15, 642 668 CCC 
ERE ETUR ENT 21 1,964 81 
8,128 158 ..... N eS LET 
dant Sr eet n M 148 4 
44,403 177511 33 ͤ ĩðVdv c 
PM Ee — 1,021 38 
Chee Ss Whee TD RA E 91 5 
CCC EAR? 785 31 
47,675 2,629 sur ucl 8 
ENEE BEE 4, 803 191 
E Sete miam RE 2 1 
241,155 10,848 269 13 22,005 890 


WORLD REVIEW 


World production of peat in 1967 was 
estimated at 202 million tons, 4 percent 
less than that estimated for 1966. How- 
ever, 10 countries that had production in 
1966 were not included in the 1967 fig- 
ures because of inadequate data. 

The U.S.S.R. remained the largest pro- 
ducer of peat with an estimated output of 
200 million tons. An estimated one-third 
was used for fuel and the remainder for 
agricultural purposes. The bulk of the 
fuel peat was used for generating electric 
power, but substantial quantities were 
converted into briquets which were used 
for both domestic and industrial heating. 
As in the United States, peat was added 
directly to the soil for various soil im- 
provement purposes. The Soviets, however, 
use large quantities of agricultural peat 


as a base material for producing peat- 
mineral-ammonia fertilizers that are used 
extensively in lieu of regular animal and 
chemical fertilizers. 

Ireland is the second largest producer 
of peat, with current annual production 
estimated at between 4 and 5 million tons. 
No exact data on production in 1967 
were available. Although production was 
small when compared with that of the 
U.S.S.R., peat supplied a substantial part 
of Ireland’s energy requirement and was 
used both as a domestic fuel and for gen- 
erating electric power. Of approximately 
1,050 megawatts of total installed gen- 
erating capacity, about 40 percent was 
at seven plants fired with peat. The total 
consumption of peat at these plants was 
nearly 3 million tons.. In addition, three 
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plants with a rated annual output of 
300,000 tons produced briquets, and two 
bogs produced an estimated 400,000 bales 
of peat moss for use as a soil conditioner. 
Approximately 75 percent of the peat 
moss was exported. 

Data on the total output of West Ger- 
many, the third largest producer, were 
similarly unavailable, but it was estimated 
that about 500,000 tons of peat was pro- 
duced for fuel. At least twice this amount 
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probably was produced for agricultural 
use in 1967, maintaining the 2-to-1 
ratio of agricultural peat to fuel peat in 
the past few years. 

East Germany, the Netherlands, Canada, 
Sweden, and Finland are the other major 
world producers, but data on production 
in some of these countries were not avail- 
able. All, however, probably had more 
than 100,000 tons of output. 


Table 10.—World production of peat, by countries ! 2 


(Thousand short tons) 


Country 1963 
Argentina; Fuel 12 
Austria; Fuel «c 6 
Canada; Agricultural use 244 
Denmark; Fuel 55 
Finland: 
Agricultural use r 20 
JJ ²ĩ dd 88 
France: 
Agricultural use ` 35 
TEEN 3 
Germany, West: I 
Agricultural use 884 
J7ôö§öÜ1 8 837 
Hungary; Agricultural use*e............. 65 
Ireland: 
ER CM 60 o oe eee 2 
SES 3,918 
Israel; "Arricultural use cuo ee 1 
Japan Be ebe AA ⁵ĩ A 80 
Korea, South; Agricultural use 128 
Netherlands *.. |... 22. 2-2: --- 440 
Norway: 
pee HABI uu nui ut r > 
Poland; Fuel 112 
Sweden: 
Agricultural use P--— 61 
uel... T 234 
U. S. S. R.: 
Agricultural . e 100,000 
MOON AE E 8 64,485 
United States; Agricultural use 579 
S/ §·r¹rLAæĩ ͤ 1172, 342 
Fuel peat (included in total). r 69, 753 


1964 1965 1966 1967 P 
4 4 r 8 NA 
6 6 2 2 
255 288 r 285 277 
r 44 r 22 r 11 c 11 
r 37 er 55 er 72 e 66 
79 72 r 76 e 72 
52 49 50 NA 
3 3 3 NA 
1,085 1,156 r 1, 250 NA 
773 484 r 524 e 495 
70 70 70 NA 
26 81 82 NA 
4,208 4,157 4,639 NA 
1 1 22 NA 
75 75 75 NA 
r 68 r 118 r 83 NA 
440 440 440 440 
r 10 r9 erg e 9 
r9 r2 ero e2 
110 86 r 66 NA 
71 r 93 er 88 NA 
158 r 96 er 77 NA 
110, 000 130, 000 130, 000 130, 000 
65,587 50, 706 r 72,091 e 70, 000 
649 604 611 617 
r 183,827 r 188,643 r 210,586 201,991 
r 70, 974 r 55, 638 r 77, 499 70, 582 


NA Not available. 


e Estimate. P Preliminary. r Revised. 
! Compiled from data available April 1968. 


? In addition, Canada, Iceland, Italy, and Spain produced a negligible quantity of fuel peat. No data were 


available on East Germany, a major producer. 


3 Total is of listed figures only; no undisclosed data included. 


TECHNOLOGY 


A recent British patent? describes a 
method for preparing a granular fertilizer 
having a low bulk density by combining 
peat with fertilizer salts other than 
nitrates. A granular peat fertilizer with 
an analysis of 20 percent nitrogen, 10 
percent phosphorus, and 5 percent potash 
can be prepared by mixing 20 parts of 
dibasic ammonium phosphate, 10 parts of 
potassium sulfate, 33.7 parts of urea, and 


62.6 parts of peat containing 50 percent 
water. Additional water is used to induce 
granule formation; the granules are dried 
at 60° C to a moisture content of 5 per- 
cent, after which they are screened. 


2 Palmer, R. W., and F. N. Wilson. Granular 
Fertilizer Containing Peat and Fertilizer 
Salts. British Pat. 1,048,254, Nov. 16, 1966; 
2810 Abs., v. 66, No. 7, Feb. 13, 1967, col. 
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A new type of peat fertilizer? (geks- 
atorf) developed in the U.S.S.R. is pre- 
pared by adding a 20 percent urotropine 
solution, prepared from ammonium by- 
droxide and formaldehyde, to a mixture 
of relatively decomposed, low-ash peat, 
powdered triple superphosphate, and 
ground potassium chloride. The mixture is 
granulated by extruding, and dried at 
75—to—-80? C in a two-stage, fluidized-bed 
dryer until the moisture is reduced to 15 
or 20 percent. The product is a noncaking, 
stable, and dense fertilizer material that 
slowly releases nutrients to the soil. 

A U.S. patent! describes the use of 
peat as a filler for aqueous phenolic ad- 
hesives that are used for bonding. Sphag- 
num-moss peat, when used in this man- 
ner, provides for a high water absorbency 
and retains the adhesive at the glue line 
long enough to permit assembly of the 
materials being bonded, such as in the 
manufacture of plywood. It also makes 
possible the use of fast curing adhesives. 

An East German patent“ gives details 
on the use of organic substances, such as 
peat and lignite, as additives to cement 
mixtures for the production of aerated 
concrete. Such substances are first neu- 
tralized with aqueous alkali solutions and 
the unsaponifiable products separated. The 
active material, obtained as a liquid or 
dried, is then used in proportions of 0.1— 
to—5.0 percent, the amount varying ac- 
cording to the dry cement mixture. 

A method for preparing a material from 
peat and rubber wastes that is suitable for 
use in road and building construction is 
described in a Polish patent.® In this proc- 
ess, used tires and other rubber waste 
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materials are powdered or dissolved and 
mixed with powdered peat and synthetic 
resins in proportions of 20—to—40 percent 
rubber, 50—to—80 percent peat, and 6— 
to—8 percent resins. The material is formed 
by heating the mixture to 100? to 
120° C and compressing at a pressure 
of from 10-to-15 kilograms per square 
centimeter  (142—to—213 pounds per 
square inch.) The material can be made 
incombustible with the addition of 1 
to 2 percent boron salts, ammonium sul- 
fate, or phosphates. 

A Soviet patent’ details a method for 
producing activated carbon from peat. 
The material, prepared from peat and 
potassium sulfide, is granulated and sub- 
jected to a thermal treatment. The 
mechanical strength of the product is im- 
proved when the peat is treated before 
processing with a solvent to remove 
bitumen. 


3 Ryashentsev K. V., S. G. Solopov, V. D. 


Gvozdev, L. M. Monogova, G. Kornilov, 
and V. I. Tsvetkov. [Production of a New 
Peat Fertilizer.] Torf. Prom., v. 43, No. 7, 
1966; Chem. Abs. v. 66, No. 17, Apr. 24, 1967, 
col. 75401c. 

4 Wilson, G. S. Peat as Filler for Aqueous 
Phenolic Adhesives. U.S. Pat. 3,231,526, Jan. 
25, 1966; Chem. Abs. v. 64 No. 12, June 6, 
1966, col. 17816b. 

5 Kleinert, H. [Air-Pore Forming Materials 
for Aerated Concrete.] East Ger. Pat. 32,730, 
Jan. 5, 1966; Chem. Abs. v. 65, No. 2 July 


18, 1966, col. 1948a. 

6 Sawicki, R., A  Augustynowicz, and L. 
Dzwonnik. [A Material From Rubber Wastes 
and Peat.] Pol Pat. 50, 119, Sept. 30, 1965: 
1 Abs. v. 65, No. 1, July 4, 1966, col. 
9038. 

7 Rakovskii, V. E., G. A. Bessmertnova, 
. Lyubchenko, Y. M. Fedorov V. N. 
Drozdov, V. M. Kondraten, N. A. Ivanova, 

Mazina. [Activated Carbon.] 
178,797, Feb. 3, 1966; Chem. 
Abs. v. 65, No. 3, Aug. 1 1966, col. 3392f. 
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Perlite 


By Timothy C. May ' 


Domestic crude perlite production in 
1967 was 16 percent higher than in 1966. 
The total amount sold or used increased 
2 percent in quantity and value compared 
with the perlite sold or used in 1966. 


Expanded perlite sold or used in 1967 
declined 10 percent in quantity and 9 
percent in value from 1966 because of 
decreased activity in the construction 


industry. 


DOMESTIC PRODUCTION 


Sixteen companies with 18 operations 
produced crude perlite in 1967 compared 
with 19 companies and 20 operations in 
1966. The mines owned by Western 
Gravel Co., Esmeralda County, Nev., and 
A. M. Matlock, Lake County, Oreg., were 
closed in 1967. The quantity of perlite 
sold to expanders was 3,000 tons less 
than in 1966, and the quantity used in 
producers’ plants was 12,000 tons above 
1966. New Mexico continued to be the 
leading producing State with an output 
of 567,000 short tons. Other producing 
States in descending order of output were 
Arizona, Nevada, California, Idaho, Colo- 
rado, Texas, Utah, and Oregon. 

Expanded perlite was produced by 78 
companies at 91 plants, a decrease of 


four companies and four plants from 
1966. Total output was 9 percent lower 
than in 1966. Perlite expanders maintained 
facilities in 32 States. Major producing 
States were Illinois with six plants, Missis- 
sippi with one plant, Texas with two 
plants, Kentucky with two plants, and 
Colorado with three plants. These five 
States produced 62 percent of the total 
perlite production. 

General Refractories Co. (Grefco) com- 
pleted construction of a perlite filter aid 
plant in Antonito, Colo, that will in- 
crease capacity 40 percent.? 


š 1 „5 specialist, Division of Mineral 
tudies. 

2 Chemical Week. Perlite Filter Aid Plant 
To open. V 100, No. 18, May 6, 1967, p. 37. 


Table 1.—Crude and expanded perlite produced and sold or used by producers in the 
United States 


‘Thousand tons and thousand dollars) 


Crude perlite 


— i 


Year Quan- Sold 
tity 
mined 
Quan- Value 
tity 
196 ĩð nean 404 203 $1,631 
1964... .... eonun ee 427 211 ,84 
1905... . ets 502 281 1,731 
1966____._..... 8 548 198 1,799 
1901. on na eR E 638 190 1,802 


Expanded perlite 


Used at own Total 
plant to make quan- Quan- Sold 
expanded material tity tity 
sold pro- — 
Quan- Value and duced Quan- Value 
tity use tity 
122 $1,096 825 272 270 $14,497 
139 ,228 850 820 819 , 583 
161 1,621 892 843 344 15,891 
211 2,108 404 894 894 16,408 
223 2,171 413 858 856 15,115 
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Table 2.—Expanded perlite produced and sold by producers in the United States 


1966 1967 
Quantity Sold or used Quantity Sold or used 
State produced ꝛyũq³ꝗſʒ produced —— n -VO 
(short Quantity Value Average (short Quantity Value Average 
tons) (short (thou- value tons) (short (thou- value 

tons) sands) per ton tons) sands) per ton 
California 26,950 26,680 $1,484 $53.75 17,680 18,020 $1,223 $67.87 
Florida 8,180 8,160 602 73.77 8,720 7,900 539 68.23 

Illinois. ................- ! (1) (1) (1) (1) 1) 2,660 (1 
Kansas. 750 750 50 66.67 880 880 67 76.14 

Maryland () (2) (!) (1) 7,890 6,700 (!) 1 
New Jersey (1) (1) (1) (2) 5,590 6,820 381 60.28 
New York (1) (1) (1) (1) 6,180 6,200 375 60.48 
Ohio: eege AE 26,080 26,070 1,420 54.4 9,290 9,290 728 78.86 

Oregon... 88 2) 470 470 (2) 2 
Pennsylvania 11,640 11, 860 781 65.85 13,100 13, 070 959 73.37 

Tennesse 5, 900 5, 900 (1) (1) (1) (1) . (1) (2) 
Texas__ _ eres 41,610 41,610 1,960 47.10 39,690 39,600 2,329 58.81 
Other Eastern States 2. 218,640 218,770 7,960 36.24 194,040 193,950 3,976 1338.07 
Other Western States 5. 59,550 59, 540 2,196 36.88 54,080 53,550 1,878 6 34.76 
Total... 894,800 394,340 16,403 41.60 357, 560 7355,940 15,115 42.46 


1 Included with “Other Eastern States.” 

2 Included with “Other Western States.” 

š Includes Georgia, Illinois (1966; 1967 quantity), Indiana, Kentucky, Maryland (1966; 1967 value), 
Massachusetts, Michigan, Mississippi, New Hampshire, New Jersey (1966), New York (1966), North Carolina, 
Tennessee (1966 value; 1967), Virginia, and Wisconsin. 

4 Based on quantity of 200,650 tons (198,950 tons “Other Eastern States" plus 6,700 tons from Maryland). 

š Includes Arizona, Colorado, Idaho, Iowa, Louisiana, Minnesota, Missouri, Nebraska, Nevada, Oregon 


(1966; 1967 value) Utah, and Washington. 
6 Based on quantity of 54,020 tons (53,550 tons “Other Western States” plus 470 tons from Oregon). 


7 Data do not add to total shown due to independent rounding. 


CONSUMPTION AND USES 


The consumption and use of expanded Table 3.—Consumption and end-uses of 


perlite as reported by the producers are expanded perlite 
shown in table 3. (Percent) 
Use 1966 1967 
Building plaster aggregate 36 31 
Filter gd: u. . 17 18 
M epum aggregate 11 8 
e fill insulation 5 5 
Soil : Conditioning e pics uk upas ESA 2 3 
——————À— —— E 1 2 
Other ö ( 8 28 33 
PRICES 


The average value of crushed, cleaned, $9.98 per ton in 1966. A weighted aver- 
and sized perlite sold to expanders in age of both categories was $9.62 in 1967 
1967 was $9.48 per short ton compared versus $9.67 in 1966. 
with $9.32 per short ton in 1966. The The average value of all expanded 
average value of crude perlite used by perlite sold was $42.46 per ton in 1967 
producers in their own expanding plants compared with $41.60 per ton in 1966. 
was $9.74 per ton in 1967 compared with 
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WORLD REVIEW 


Canada.— Crude perlite was imported from the United States and expanded at 


the following plants: 


Domtar Construction Materials Ltd...... 
Western Insulation Products Ltd......... 
Vantec Industries Ltd................... 
Western Gypsum Products Ltd.......... 
P. & V. Products 
Canadian Gypsum Co, Ltd.............. 
Domtar Construction Materials Ltd...... 
Laurentide Perlite Inc.................. 
Perlite Industries Reg’d................. 


In 1966, plaster consumed 71 percent 
of the expanded perlite produced; 13 per- 
cent was used as aggregate in refractory 
products; 7 percent in insulating con- 
crete, and 9 percent as loose insulation 
and in horticultural applications. Ex- 
panded perlite was sold at 30 to 40 cents 
per cubic foot, f.o.b. plant.? 


France.—Johns-Manville Corp. com- 
pleted a new facility at Wissenbourg, for 
the manufacture of perlite roof insulation 
board.* 


Japan.—General 
(Grefco) started construction of a filter 
aid plant near Tokyo, which is expected 
to be completed by yearend. The opera- 
tion, known as Dicalite Orient Co., Ltd., 
is a joint venture between Grefco and 
Mitsui Mining & Smelting Co., Ltd. of 
Japan. Output of the plant will serve 


e © o è o o © a o 
@ * eee è ° 9 o 
e. ° ° è @ 9 ç o 8 
oe ef o e è 9 > 8 
2 2 * ès @ 9 9 @ v 
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Refractories Co. : 3 Wilson, H. S. 


Calgary, Alberta. 

Edmonton, Alberta. 
Richmond, British Columbia. 
Vancouver, British Columbia. 
St. Boniface, Manitoba. 
Hagersville, Ontario. 
Caledonia, Ontario. 
Charlesbourg West, Quebec. 
Ville St. Pierre, Quebec. 


markets in Japan, Taiwan, the Philip- 
pines, Hong Kong, Korea, and Malaysia.“ 


Mexico.—Production of crude perlite 
in 1966 was 11,128 short tons, a 20-per- 
cent increase over the 1965 production 
of 9,203 short tons. 


Morocco.— In 1966, Morocco exported 
269 short tons of crude perlite. 


United Kingdom.—Perlite production 
in Northern Ireland in 1967 was 130 
short tons, compared with 289 tons in 
1966, a decrease of 55 percent.? 


Lightweight Aggregates, 
Processing Division, Mines 
Branch: Dept. of Energy (Ottawa), June 


pp. 
4 Johns-Manville Corp. Annual Report 1967, 


p. 6. 

SPit and Quarry. General Refractories 
Begins Construction On New Plant. v. 59, 
No. 11, May 1967, p. 28. | 

6 U.S. Consulate, Belfast, North Ireland. 
Department of State, Airgram A-7, Apr. 24, 
1968, p. 2, enc. 1. 


1965. Mineral 


Digitized by Google 


Crude Petroleum and 
Petroleum Products 


By James G. Kirby! and Betty M. Moore 


The general outlook for the petroleum 
industry was not too optimistic during the 
first half of 1967. Demand was lagging and 
crude oil and refined product stocks were 
building up. The outbreak of the Arab- 
Israeli conflict and the blocking of the Suez 
Canal early in June caused a sudden 
change in the situation. Immediate steps 
were taken to furnish the east coast area 


of the United States and Canada and 
Western Europe with crude oil and refined 
products to replace supplies normally 
received from the Arab nations. Crude 
oil production in the United States was 
stepped up and reached a peak level of 


1Industry economist, Division of Mineral 
Studies. 


2 Statistical assistant, Division of Statistics. 


Table 1.—Salient statistics of crude petroleum, refined products, and natural gas liquids 
in the United States 


Crude petroleum: 


1963 
Domestic production 
thousand barrels 1. 2,752,723 
World production do.... 9,538,948 
United States proportion | 
percent. 29 
Imports 2__ thousand barrels 1 412, 660 
Exports . do , 
Stocks, end of year...... do- 237, 361 
Runs to stills do.... 3, 170, 652 
Value of domestic product at 
wells: 
Total... we thousands. $7,965,742 
Average per barrel. $2.89 
Total producing oil wells De- 
cember 31__. 2222- 588,657 
Total oil wells completed during 
year (successful wells) 20,288 
Refined products: 
Imports 
thousand barrels 1. 362 , 053 
Exports 949 EE 74,216 
Stocks, end of year- do 564,451 
Completed refineries, end of 
dE 304 
Daily crude-oil capacity 
thousand barrels !. ` 10,385 
Natural gas liquids: 
Production............. do.... 400,886 
Stocks, end of year...... do.... 38 , 747 
All oils: 
Total demand 
thousand barrels 1. 3,927,139 
Exports NE 75,914 
Domestic demand do.... 3,851,225 


$8,017,078 
$2.88 


1964 1965 1966 1967 » 
2,186,822 2,848,514 8,027,768 8,215,742 
10,311,060 11,057,489 12,015,830 12,889,705 
27 26 25 25 
438 ,643 452,040 447, 120 411,649 
, 963 1,097 1,477 26 , 502 
230 , 057 220,289 238,391 248,9'70 
3,223, 329 3,800, 842 3,447, 193 3, 582, 594 


$8,158,298 88, 726,428 $9,875,727 
$2.86 $2.88 $2.92 


588,225 589,203 583,302 578,159 
20,620 18,761 16,780 15,329 
388 , 098 448 , 732 492 ,042 514,157 
72,516 67,191 r 70,928 85,414 
573,499 580,188 595,651 628 , 702 
300 286 281 291 
10,775 10,493 10,760 11, 533 
422,471 441, 556 468, 685 514, 456 
35, 679 35, 867 40,428 65,742 
4,032,382 4,193,746 4,397,469 4,592,142 
73,879 68 , 288 r 72,400 111,916 
3,958,503 4,125,458 14, 325, 069 4, 480, 226 
r Revised. 


P Preliminary (except for crude production and value). 


142 gallons per barrel. 


2 Bureau of Mines data for erude oil and unfinished oils. 


3 U.S. Department of Commerce data. 


4U.S. Department of Commerce data, except for unfinished oils. 
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9,435,000 barrels per day in August. Ex- 
ports during the third quarter averaged 
510,000 barrels daily compared with nor- 
mal exports for that period of about 200,000 
barrels daily, and imports declined almost 
393,000 barrels daily. Supplies from South 
America and the Far East were diverted 
to Europe and Japan to relieve shortages 
in these areas. The Arab nations resumed 
crude oil production but boycotted ship- 
ments to nations friendly to the Israeli 
Government. No attempt was made to re- 
open the Suez Canal, and the longer haul 
around Africa kept tankers in tight supply 
and shipping rates high for the balance 
of the year. The shortage of tankers de- 
layed the shipments of heating oils from 
the gulf to the east coast to build up 
inventories for the peak winter demands. 
However, despite exceptional cold weather 
no serious shortages occurred. 


DEMAND BY PRODUCTS 


As most of the indicated consumption of 
crude oil in the United States is converted 
into refined products before sale to ulti- 
mate consumers, the analysis of demand 
trends involves consideration of each major 
product. The fuel oils (residual, distillate, 
and kerosine) compete directly with nat- 
ural gas or coal in heating, cooking, and 
industrial uses. Gasoline and diese] fuel 
are the major fuels used in the transporta- 
tion field, followed by jet fuel (a blend of 
low-grade gasoline, kerosine, and distillate) 
used in military jetplanes, and straight 
kerosine which is used as fuel by com- 
mercial jetplanes. The other products serve 
a wide variety of uses and are in competi- 
tion with other refined products both for 
fuel and nonfuel use. 

Gasoline.—The total demand for motor 
gasoline was 1,810 million barrels in 1967; 
this gain of 3.1 percent was below the 
normal growth rate of 4.0 percent as a 
result of low demand in the second and 
third quarters. The continuing shift from 
propeller driven [gasoline-fueled] aircraft 
to jet aircraft made further inroads on the 
domestic demand for aviation gasoline. 
The decrease for 1967 was 14.5 percent. 
In the export market, aviation gasoline 
sales have been steady. 

Distillate Fuel Oil—Although the 
weather in 1967 was colder than the pre- 
vious year, a slowdown in the growth of 
industrial activity limited the increase in 
demand for distillate fuel oil to 2.4 per- 
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cent. Total demand for distillate fuel oil 
was 821 million barrels. 


Residual Fuel Oil—The 4.1-percent 


. increase in domestic demand for residual 


was limited primarily to the ea:t coast 
market. Domestic demand in the United 
States was 65.2 million barrels and the 
east coast district accounted for 70 per- 
cent of this total. Residual fuel used for 
the generation of electric power increased 
from 138.0 million barrels in 1966 to 158.4 
million in 1967. Exports of residual fuel 
oil were 22 million barrels in 1967 com- 
pared with 12.9 million barrels in 1966. 
Most of the additional exports were to 
Japan and Canada. 

Kerosine.—After a 2-year increase, de- 
mand for kerosine for uses other than jet 
fuel reverted to its usual downward trend. 
Total demand for the year was 100.2 mil- 
lion barrels, 1.1 million barrels below the 
1966 level. 

Jet Fuels.—The domestic demand for 
jet fuels in 1967 was 300.8 million barrels, 
a gain of 56.4 million barrels or 23.1 per- 
cent for the year. The demand for 
naphtha-type jet fuel was 111.5 million 
barrels and for the kerosine type, 189.2 
million barrels. The naphtha-type jet fuel 
is generally used by the military while 
commercial jet aircraft used the kerosine- 
type jet fuel. 

Other products.—The total demand for 
all other products including crude oil ex- 
ports and losses and refinery overage in 
1967 was 846.1 million compared with 
811.3 million barrels in 1966. Liquefied 
gases are the largest segment in this group 
and include liquefied gases for fuel and 
for chemical use. Demand for this product 
in 1967 was 353.7 million barrels, an 
increase for the year of 6.5 percent. A de- 
lay in the release of Federal funds for the 
interstate highway construction program 
caused a slowdown in several road building 
projects. As a result, asphalt demand for 
the year declined 2.2 percent to 131.6 
million barrels. The demand for petroleum 
coke increased in both the domestic and 
export markets and totaled 91.4 million 
barrels for the year. The demand for 
petrochemical feedstocks from products 
other than liquefied gases was 86.9 million 
barrels, 13.6 percent higher than in 1966. 
Refineries utilized 140,034,000 million bar- 
rels of still gas for fuel in 1967 and had 
a refinery overage of 106,592,000 million 
barrels. The demands for other products in 


CRUDE PETROLEUM AND PETROLEUM PRODUCTS 


this group (special naphtha, lubricants, 
wax, and miscellaneous finished products) 
were all below the 1966 level. 

Total demand? for all oils in 1967 aver- 
aged 12,581,000 barrels daily, a gain of 
4.4 percent, and crude oil production for 
the year increased 6.2 percent to 8,810,000 
barrels daily. 


CONSUMPTION 


The total demand for crude oil in the 
United States in 1967 averaged 9.9 million 
barrels daily. Domestic crude oil supplied 
8.8 million barrels and foreign crude oil, 
1.1 million barrels. The demand for do- 
mestic crude oil increased at the rate of 
543,000 barrels daily while the demand 
for foreign crude oil declined 105,000 bar- 
rels daily. 

Runs to Stills—Crude runs to stills 
averaged 9.8 million barrels daily in 1967 
compared with 9.4 million barrels daily 
in 1966. Domestic crude runs were 8.7 
million barrels daily and foreign crude 
runs, 1.1 million barrels daily. 
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Demand by States of Origin.—Distribu- 
tion of domestic crude oil by refining 
States and districts can be analyzed from 
receipts of crude oil at refineries. When 
long-distance shipments are involved, 


3 Certain terms as used in this chapter are 
more or less unique to the petroleum industry. 
Principal terms and their meaning are: 

Total demand.—A derived figure representing 
total new supply plus decreass or minus in- 
creases in reported stocks. Because there are 
substantial secondary and consumers’ stocks that 
are not reported to the Bureau of Mines, this 
figure varies considerably from consumption. 

Domestic demand.—Total demand in all states 
of the United States less exports. 

Shipments to U.S. Territories and Posses- 
sions.—Shipments from the United States to 
territories and possessions are included in ex- 
ports. Any foreign receipts into these territories 
and possessions are not included in the total 
imports shown. 

Shipments from territories and possessions to 
foreign countries are excluded from exports. 
Shipments to the United States are included in 
imports. 

New supply of all oils —The sum of crude 
oil, natural gas liquids, and benzol (coke-oven) 
used for motor fuel, production plus imports 
of crude oil and other petroleum products. 

Transfers.—Crude oil conveyed to fuel-oil 
stocks without processing, or reclassification of 
products from one product category to another. 

All oils.—Crude petroleum, natural gas liquids 
and their derivatives. 


HAHET 
DEE: 


Figure 1.—Supply and demand of all oils in the United States. 
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various crude oils may be mixed in transit 
or storage and identification by origin may 
be only approximate. 


SCOPE OF REPORT 


The data presented in this chapter are 
limited to the United States to permit a 
breakdown and balancing of supply and 
demand of operations by States and dis- 
tricts. The composition of the districts 
used by the Bureau of Mines is explained 
in the next section. 

The increasing volume of natural gas 
liquids recovered from natural gas has 
made it desirable to present data on these 
liquids with crude oil data, as these 
liquids are blended with refinery products 
and are similar to materials recovered from 
refinery gases. These natural gas liquids 
are recovered at natural-gas processing 
plants, away from the oil refineries. 

Most of the data were compiled from 
detailed reports, submitted on a voluntary 
basis by the various companies and include 
production, stocks, and refinery operations. 
These data are also published monthly. 

The Bureau of Mines uses crude oil pro- 
duction data compiled by State agencies 
for those States which compile the infor- 
mation. Where such data are not available, 
monthly questionnaires are sent to all 
pipeline companies operating within the 
State. The crude production figure in- 
cludes field condensate. 

Individual refineries reported monthly 
receipts, input, stocks at the beginning and 


Bureau of Mines 
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end of the month, refinery production, and 
deliveries. Data on both product stocks at 
refineries and pipeline and bulk terminal 
stocks are collected. 

Annual canvasses provide supplemental 
information on the value of crude petro- 
leum at wells, the number of producing 
wells, sales of fuel oils, asphalt and road 
oils by uses, and refinery capacity. 

The import data on crude oil and un- 
finished oils is that reported by the re- 
fineries whereas other product imports 
and all export data are taken from rec- 
ords of the U.S. Department of Com- 
merce. 

The table showing world crude oil pro- 
duction by countries is based on monthly 
reports that also include data on crude 
movements and refinery operations. 


DISTRICTS 


Production of crude petroleum and 
natural gas liquids and the number of 
wells drilled is reported by State, with 
data for Louisiana, New Mexico, and 
Texas also reported by districts. 

New Mexico has two widely separated 
producing areas. The Southeastern district 
comprises mainly Lea, Eddy, Chaves, and 
Roosevelt Counties. The Northwestern 
district comprises mainly San Juan, Rico 
Arriba, Sandoval, and McKinley Counties. 

The Bureau of Mines producing dis- 
tricts in Texas correspond, with one ex- 
ception, to grouping of the Texas Rail- 
road Commission districts. 


districts Railroad Commission districts 
Gulf Coast ................... Nos. 2 and 3 
West Texas ................... Nos. 7C, 8 and 8a 
Fier teehee Part of No. 6 (East Texas field in Cherokee, 
Smith, Upshur, Rush, and Gregg 

Panhandle .................... No. 10 
Rest of State: 

n iani ak Nos. 7B and 9 

Central ...... 5 No. 1 

// · AAA A No. 4 


CRUDE PETROLEUM AND PETROLEUM PRODUCTS 


Separate production data are shown for 
Louisiana gulf coast, including the off- 
shore area. 

Refinery operations are grouped into 
another set of districts called refining 
districts. These districts correspond with 
the groupings of the Petroleum Admin- 
istration for Defense (PAD districts). 


PAD 
district Refining districts 
1—East Coast—District of Columbia 


and Maine, New Hampshire, 
Vermont, Massachusetts, Rhode 
Island, Connecticut, New Jer- 
sey, Delaware, Maryland, Vir- 
ginia, North Carolina, South 
Carolina, Georgia, and Florida, 
and the following counties of 
New York: Cayuga, Tompkins, 
Chemung, and all counties east 
and north thereof, and the 
following counties of Pennsyl- 
vania: Bradford, Sullivan, Col- 
umbia, Montour, Northumber- 
land, Dauphin, York, and all 
counties east thereof. 
1—Appalachian No. 1—West Virginia 
and those parts of Pennsylvania 
and New York not included in 
the East Coast district. 
2—Appalachian No. 2—The following 
counties of Ohio: Erie, Huron, 
Crawford, Marion, Delaware, 
Franklin, Pickaway, Ross, Pike, 
Scioto, and all counties east 
thereof. 
2—Indiana-Illinois-Kentucky — Indiana, 
Illinois, Kentucky, Tennessee, 
Michigan, and that part of 
Ohio not included in the Ap- 
palachian district. 
2—Oklahoma-Kansas-Missouri — Okla- 
homa, Kansas, Missouri, Nebras- 
ka, and Iowa. 
2—Mm1innesota-Wisconsin-North Dakota- 
South Dakota—Minnesota, Wis- 
consin, North Dakota, and 
South Dakota. 
3—Texas Inland—Texas, except Texas 
Gulf Coast district. 
3—Texas Gulf Coast—The following 
counties of Texas: Newton, 
Orange, Jefferson, Jasper, 
Tyler, Hardin, Liberty, Cham- 
bers, Polk, San Jacinto, Mont- 
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PAD 

district Refining districts 
gomery, Harris, Galveston, 
Waller, Fort Bend, Brazoria, 


Wharton, Matagorda, Jackson, 
Victoria, Calhoun, Refugio, 
Aransas, San Patricio, Nueces, 
Kleberg, Kenedy, Willacy, and 
Cameron. 

3—Loutsiana Gulf Coast—The follow- 
ing parishes of Louisiana: Ver- 
non, Rapides, Avoyelles, Pointe 
Coupee, West Feliciana, East 
Feliciana, Tangipahoa, St. 
Helena, Washington, and all 
parishes south thereof; the fol- 
lowing counties of Mississippi: 
Pearl River, Stone, George, 
Hancock, Harrison, and Jack- 
son; and Mobile and Baldwin 
Counties, Ala. 

3 North Louisiana-Arkansas— Arkansas 
and those parts of Louisiana, 
Mississippi, and Alabama not 
included in the Louisiana Gulf 
Coast district. 

3—New Mexico New Mexico. 

4—Rocky Mountain - Montana, Idaho, 
Wyoming, Utah, and Colorado. 

5 Vest Coast — Washington, Oregon, 
California, Nevada, Alaska, 
Arizona, and Hawaii. 


WELLS 


The downward trend in drilling activity 
continued through 1967. Total wells 
drilled, exclusive of service wells, was 
32,234 which was 4,150 less than 1966. 
Eight States reported increased drilling 
activity for the year but only three had 
any sizable increase. They were Kansas, 
an increase of 571; California, 226; and 
New York, 145. Among the States where 
drilling activity showed the largest decline 
were Texas, 1,612; Oklahoma, 881; 
Louisiana, 799; Kentucky, 571; and West 
Virginia, 320. 

The average footage drilled per well 
declined from 4,383 feet in 1966 to 4,298 
feet in 1967. 

The number of producing oil wells in 
the United States as of December 31, 
1967, was 573,159 compared with the 
583,302 reported in operation at the end 
of 1966, 
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Figure 2.—Map of PAD Districts and Bureau of Mines Refining Districts. 
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RESERVES 


The American Petroleum Institute Com- 
mittee on Petroleum Reserves estimated 
proved reserves of crude oil in the United 
States as of December 31, 1967, to be 
31,376.67 million barrels, a decrease of 
75.5 million barrels for the year. States 
reporting the largest declines for the year 
were California, 238.6 million barrels; 
Kansas, 101.3 million barrels; and New 
Mexico, 98.8 million barrels. The only 


major addition to reserves for the year 
was reported for the West Texas district 
where reserves increased 569.9 million bar- 
rels due primarily to revisions of previous 
estimates. 

The estimate of crude-oil reserves in- 
cludes only oil recoverable under existing 
economic and operating conditions. Re- 
serves of natural gas liquids are given in 
the natural gas liquids chapter. 


PRODUCTIVE CAPACITY 


According to the American Petroleum 
Institute the maximum crude oil produc- 
tion that could be attained in the United 
States, as of January 1, 1968, was 12.3 
million barrels daily. This is based on the 


assumption that such production could be 
achieved in 90 days with existing wells, 
well equipment, and present surface facil- 
ities plus work changes that could be 
accomplished within the time period. 


CRUDE PETROLEUM 


SUPPLY AND DEMAND 


The new supply of crude petroleum was 
derived primarily from domestic produc- 
tion augmented by imports. Crude oil im- 
ports represented only 11.3 percent of new 
supply in 1967 compared with 12.9 per- 
cent in 1966. The decrease in the import 
share of new supply resulted from the 
disruption created by the Middle East 
conflict in June and the resulting tanker 
shortage that existed through the balance 
of the year. When the import allocations 
for 1967 expired on December 31, im- 
porters were left with unused licenses for 
crude oil and unfinished oil totaling 53.7 
million barrels. Provisions were made by 
the Secretary of the Interior to permit the 
use of these licenses in 1968 and 1969. 
Under the mandatory import control pro- 
gram, which became effective in March 
1959, imports of crude oil, unfinished oils, 
and refined products other than residual 
fuel oil are limited to 12.2 percent of the 
estimated total domestic production of 
crude oil and natural gas liquids in all 
States east of the Rocky Mountains. In 
States west of the Rocky Mountains, in- 
cluding Alaska and Hawaii, the import 
quota is based on the difference between 
the estimated available domestic supply 
and the estimated total demand. Over- 
land receipts (imports from Canada 
and Mexico) are exempted from pro- 
visions of the program; however, before 


setting the allocations for crude and un- 
finished oils in the States an estimate of 
probable overland receipts from Canada 
and Mexico and subtracted from the al- 
locations. Vessel and aircraft fuels imported 
in bond for use as fuel outside the United 
States are also exempted from provisions 
of the program. All refineries and petro- 
chemical plants of record are granted an 
allocation based on their refinery or plant 
throughput with certain special provisions 
under the last quota issued under the 
voluntary input program in the latter part 
of 1958 and the early quarter of 1959. 


PRODUCTION 


The United States produced 3,215,742,- 
000 barrels of crude oil in 1967, a gain of 
6.2 percent for the year. Production dur- 
ing the first quarter exceeded demand 
requirements and stocks built up rapidly. 
States with proration controls lowered pro- 
duction allowables for the second quarter, 
but stocks continued to climb. The Middle 
East conflict early in June changed the 
entire crude oil supply situation. East 
coast refineries lost their crude oil sup- 
plies from the Middle East countries and 
production in the Gulf Coast States was 
stepped up to record high levels to meet 
the east coast demand. Crude oil was also 
exported to western Europe and Canada to 
ease the supply problems in these areas. 
While production was resumed in the 
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Arab nations the Egyptians did not re- 
open the Suez Canal. The additional time 
and mileage required to bring cargoes 
around Africa caused a shortage of tankers 
and higher shipping costs. Crude oil im- 
ports were low for the balance of the 
year; therefore production continued at a 
high level. Crude oil production for 
Louisiana averaged 247,000 barrels per 
day more than in 1966 and Texas produc- 


MILLION BARRELS 


MINERALS YEARBOOK, 1967 


tion increased 170,000 barrels daily. On 
the west coast, Alaska more than doubled 
production with a daily output of 80,000 
barrels daily and California production 
increased 40,000 barrels daily to 986,000 
barrels. Additional data on crude oil pro- 
duction, by States, can be found in the 
State chapters of Volume III of the 1967 
Minerals Yearbook. 


Figure 3.—Production of crude petroleum in the United States, 
by principal producing States. 
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Figure 4.—Wells drilled for oil and gas in the United States, by months. 


TRANSPORTATION AND DISTRIBUTION 


CRUDE OIL 


A transportation system consisting of 
pipelines, tankers, barges, tank cars, and 
tank trucks moves the crude petroleum to 
refineries for processing. Refineries received 
75.8 percent of their crude oil supply by 
pipeline, 22.9 percent by water and the 
remaining 1.3 percent by tank cars and 
tank trucks in 1967. 

The largest domestic market for petro- 
leum is the group of eastern seaboard 
States (PAD district 1), while the second 
largest market is in the midwest area 
(PAD district 2). Most of the domestic 
supply of crude oil, as well as refined 
products, are obtained from PAD district 
3. Shipments of crude oil and refined 
products to other PAD districts from dis- 
trict 3 in 1967 amounted to 4.9 million 
barrels a day, with district 1 receiving 3.1 
million barrels or 63 percent of the total. 
District 2 received an average of 1.6 mil- 
lion barrels a day, or 33 percent of the 
total shipped from district 3. 

Data collected on receipts of domestic 


and foreign crude petroleum at refineries 
in the United States shows receipts from 
local production (intrastate), receipts 
from other States— (interstate) and re- 
ceipts of imported crude. These data by 
method of transportation indicate the final 
receipts of water, pipelines and tank car 
and truck. Receipts of domestic crude by 
water usually are moved by pipeline from 
the point of production to the point of 
water shipment. 

The total receipts of crude oil at re- 
fineries in 1967 were 3,592.1 million bar- 
rels, an increase of 141.1 million barrels 
for the year. Receipts from domestic 
sources increased 175.9 million barrels in 
1967 and overland receipts of foreign 
crude oil were 20.6 million barrels higher, 
but foreign receipts from overseas sources 
were down 55.4 million barrels. 

During 1967 refineries processed 3,582.6 
million barrels of crude oil, reported a net 
of 100,000 barrels used for refinery fuel 
and losses, and added 9.4 million barrels 


to inventories. 
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Because PAD district 1 is a deficit area 
and obtains most of its supply of oil from 
PAD district 3, the major waterborne 
shipments are from the gulf coast to the 
east coast. In addition, there is some 
waterborne traffic between States in the 
gulf coast districts; also, interstate and 
intrastate shipments by water on the west 
coast from Alaska to refinery complexes in 
the States of Washington and California. 
In addition, there is a sizable volume of 
petroleum transported on the Ohio and 
Mississippi Rivers and rivers flowing into 
the Mississippi. 

Most of the foreign crude oil imports to 
the east coast district 1 are received by 
water but the movement of Canadian crude 
oil by pipelines into refineries near Buffalo, 
New York, is becoming significant. Until 
1960 the source of crude oil for the Buf- 
falo refineries was about 40 percent from 
district 2, 40 percent from district 3, and 
the remainder from district 4. Canadian 
crude oil entered the market in 1961 and 
has since virtually replaced the crude from 
districts 3 and 4. District 3 is the major 
outside source of crude oil for district 2, 
with the balance coming from district 4 
and from Canada. Only 6.4 million barrels 
of 36.4 million barrels of crude oil run 
through Montana refineries are imported 
from Canada. West Coast refineries re- 
ceived 51.6 percent of their foreign crude 
oil by tanker, and the balance was moved 
overland from Canada by pipeline for use 
of refineries relatively close to the Cana- 
dian border. Refinery receipts of foreign 
crude oil in the United States totaled 411.8 
million barrels, which represented 11.5 
percent of the total refinery receipts in 


1967. 
PIPELINES 


Pipelines are a vital factor in the pro- 
duction of crude oil and the marketing of 
the refined petroleum products. 

Gathering and trunk lines move the 
crude oil from the fields directly to re- 
fineries or to tankers and barges for ship- 
ment to refineries by water. Product pipe- 
lines transport the lighter finished products, 
such as gasoline, jet fuels, kerosine and 
diesel fuels, and the lighter distillate 
heating oils from refineries or marine ter- 
minals to the marketing area for distribu- 
tion to the ultimate consumer. 

There were 216,700 miles of pipeline in 
all types of service, exclusive of natural 
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gas transportation, at the beginning of 
1967. Growth also has been impressive in 
product pipelines. From about 9,000 miles 
in service before World War II, the mile- 
age of product pipelines had increased more 
than sevenfold by the beginning of 1967. 
Significant, moreover, has been the growth 
in pipeline capacity, particularly in more 
recent years. Pipeline fill for petroleum 
product lines aggregated 23.5 million bar- 
rels at the beginning of 1962, and there 
were 53,200 miles of line in operation. 
Three years later, the mileage had in- 
creased to 61,443 miles, or 15.5 percent, 
but the pipeline fill had expanded from 
23.5 million barrels to 35.8 million, or 
52.0 percent. 


REFINED PRODUCTS 


Almost 5.0 million barrels of petroleum 
per day was needed to meet the demand 
requirements in PAD district 1 during 
1967 and more than 60 percent of this 
was supplied from PAD district 3, pri- 
marily by means of water transport 
tankers and ocean and river barges. Water- 
borne shipment of petroleum products 
from district 3 to district 1 reached a peak 
of 1,636,000 barrels per day in 1963 while 
pipeline shipments that year were 311,000 
barrels per day. The construction of the 
Colonial pipeline from Houston, Texas, to 
the vicinity of New York Harbor and the 
subsequent extension of the Plantation 
pipeline to the vicinity of Washington, 
D. C., has changed the transportation 
pattern significantly over the 4 years 
through 1967. Pipelines are now moving 
nearly 1.2 million barrels per day from 
district 3 to district 1, as compared with 
311,000 barrels daily in 1963, and ship- 
ments of gasoline by pipelines have more 
than tripled; from a daily average of 202,- 
000 barrels per day to 667,000 barrels. 
At the same time, the daily average re- 
ceipts of gasoline by tanker and barge 
dropped from 700,000 to 485,000 barrels 
as a result of competition from the pipe- 
lines. 

Although the immediate reaction would 
be that tanker rates would soften by reason 
of intensifying competition from pipelines, 
the disruption to transportation caused by 
blocking the Suez Canal coupled with de- 
mand for smaller tankers by the military 


caused the tanker rates to jump sharply 
in 1967. 


CRUDE PETROLEUM AND PETROLEUM PRODUCTS 


RAIL, LAKE, AND RIVER SHIPMENTS 


Rail Transportation.—Interdistrict ship- 
ments of petroleum by rail represent only 
a small part of the total volume of crude 
oil and refined products transported. 
Liquefied petroleum gases, gasoline and 
lubricants comprise the major part of these 
shipments. 

Lake and river shipments.—There is 
some movement of crude petroleum and 
petroleum products via lake and river 
from district 2 to district 1. The latest 
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year for which data are available was 
1964 and during that year lake shipments 
averaged 17,000 barrels daily and river 
shipments averaged 77,000 barrels per day. 
The lake shipments consisted of refined 
products while the river shipments were 
primarily crude oil. In 1967 district 3 
shipped 46,000 barrels a day of refined 
products to district 1 and 261,000 barrels 
daily of crude oil and refined products to 
district 2 by river barge on the Mississippi 
and Ohio Rivers. 


STOCKS 


Total stocks of all oils at the end of 
1967 were 938.4 million barrels. There 
was an increase of 63.9 million barrels for 
the year. Crude oil stocks, which aggre- 
gated nearly 249 million barrels, were 10.6 
million barrels higher than the year be- 
fore, and refined product stccks at 623.7 
million had increased 28.1 million barrels, 
almost half of which was in stocks of gas- 
oline. The bulk of the increase in the re- 
mainder was scattered primarily among 
distillates, lubricants, jet fuels, and 
asphalt. 


Crude oil stocks built up rapidly during 
the first half of 1967 when production 
exceeded the demand for domestic crude 
oil by almost 98,000 barrels per day. Pro- 
duction was increased during the third 
quarter to meet the additional export de- 
mand and offset the loss of imports to the 
east coast market which resulted from the 
Middle East crisis. Although production 
was cut back in the fourth quarter, stocks 
continued to increase. 


PRICES 


Crude oil.—The year 1967 saw a con- 
tinuation of the upward adjustment in 
crude oil prices that started in the 
Illinois basin and spread to all producing 
areas east of the Rocky Mountains. The 
1966 increases in posted prices were mostly 
in the 5- to 8-cent range, while the 1967 
adjustments were about 5 cents. The 
overall effect on the average value per 
barrel of crude oil in the United States 
was an increase of 2 cents in 1966 and 4 
cents in 1967. 

The Bureau of Labor Statistics (BLS) 
collects prices on crude oil from six oil- 
producing areas equally divided between 
sweet and sour crudes. The latter denotes 
crude wth a high sulfur content. From 
these data BLS compiles a wholesale price 
index (1957-59=100). This index for 
crude oil averaged 98.6 in 1967, which 
was the highest yearly average since 1957. 
The description *wholesale", it should be 
noted, denotes sales in quantities and not 
to an index of prices by wholesalers, job- 
bers and distributors. 


Refined Products.—Prices of the prin- 
cipal petroleum products have been in an 
upward trend since 1964, but only kero- 
sine established new highs above the post- 
war peaks reached in 1957. Posted prices 
for residual fuel oils for ships bunkers 
recovered from the low levels reached 
after 1964. The price of No. 5 residual 
fuel oil, which dropped from $2.85 a bar- 
rel in 1963 to $2.76 a barrel by 1966, had 
recovered to $2.83 by 1967. No. 6 fuel oil 
in cargo lots without a sulfur guarantee 
has felt the impact of air pollution regula- 
tions. From $2.10 a barrel in 1963, the 
price of this residual fuel oil dropped to 
$1.95 a barrel by 1967. In the barge mar- 
ket, the decline has been even more 
drastic, from $2.36 a barrel in 1963 to 
$2.16 a barrel by 1967. 

The price of gasoline to the consumer, 
as reported for 55 representative cities by 
Platt’s Oilgram Price Service, was 1.08 
cents higher in 1967. This was due to 
increased charges to the dealers (the tank 
wagon price), and because of wider mar- 
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Figure 5.—Posted prices of selected grades of crude petroleum in the 
United States, by quarters. 
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Figure 6.— Prices of Bunker “C” oil at New York Harbor, bright stock at Oklahoma 


refineries, No. 1 range oil atChicago district, and regular-grade gasoline 
at refineries in Oklahoma, by quarters. 
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gins to dealers, and increased State and 
local gasoline taxes. The Federal gasoline 
tax of 4 cents per gallon has remained 
unchanged since 1960. The average price 
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per gallon paid by the consumer for 
regular grade gasoline in 1967 was 33.16 
cents, and taxes accounted for 10.61 cents 
or 32 percent of this price. 


REFINED PRODUCTS 


Although the primary market for the 
many finished products of petroleum is in 
the fuel and energy field, they also are 
widely used as the base stock in the man- 
ufacturing of several other products. 

Gasoline is consumed principally in 
highway transport, aviation, mechanized 
farming, and power boating. Kerosine 
(other than the straight runs kerosine used 
as fuel in commercial jet aircraft) is used 
primarily in space heaters, as range oil, or 
for farm equipment. Distillate fuel oils, 
which include the light diesel fuels, are 
used for space heating, locomotive fuel, 
industrial use, vessel use, and by the mili- 
tary. Residual fuel oil is used primarily in 
electric utilities and for heavy-fuel use. 
Residual fuels usually sell for less than 
crude oil at the refineries. As it is not 
normally moved by pipeline, its distribu- 
tion depends on low-cost water transporta- 
tion and limited tank movement. 

Liquefied gases, in competition with 
kerosine and light distillate fuel oil for 
domestic use, are used as fuel in internal- 
combustion engines and are becoming in- 
creasingly important as the initial raw 
material in the development of many 
petrochemicals. 

The total demand for all oils averaged 
12.6 million barrels daily in 1967, includ- 
ing a domestic demand of 12.3 million 
barrels daily and exports of 307,000 bar- 
rels daily. On a percentage basis, total 
demand increased 4.4 percent; domestic 
demand, 3.6 percent; and exports, 54.6 
percent. 

The new supply of refined products 
comes from crude oil processed at re- 
fineries, natural gas liquids, and imports 


of products from foreign countries. The 
new supply exceeded demand resulting in 
an increase of 28.1 million barrels to 
stocks of refined products. 


GASOLINE 


The domestic demand for gasoline aver- 
aged 5,048,000 barrels daily in 1967. 
Motor gasoline averaged 4,958,000 barrels 
daily, an increase of 150,000 barrels daily 
or 3.1 percent over 1966. Aviation gaso- 
line continued to lose out to jet fuel. 
Domestic demand for aviation gasoline 
during 1967 averaged 90,000 barrels daily 
which was a decline of 14.5 percent from 
1966. Imports of gasoline decreased 
slightly, whereas exports of gasoline 
showed a slight increase over 1966. 

The new supply of motor gasoline in 
1967 totaled 1,824 million barrels, of 
which 1,802 million barrels was produced 
at petroleum refineries, 7 million barrels 
at natural gasoline plants, and 15 million 
barrels imported from foreign countries. 

Gasoline price wars raged in all PAD 
districts off and on during the year, but 
the basic price of gasoline remained 
relatively constant. The average price of 
major brand regular gasoline, excluding 
taxes, sold in the United States was 22.55 
cents per gallon. This is a 0.98-cent in- 
crease over the average price per gallon 
in 1966. Independent house brands and 
rebranded gasolines in service stations 
usually are 1 to 2 cents cheaper per gallon 
than the major brand regular gasolines. 
Because of price wars, the price range for 
1967 was from a low of 13.9 cents per 
gallon to a high of 25.9 cents per gallon, 
excluding Federal and State tax. 
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Stocks of gasoline at the beginning of 
the year totaled 194.2 million barrels and 
increased at the rate of 37,090 barrels 
daily, totaling 207.7 million barrels at the 
end of the year. This includes stocks held 
at refineries and at bulk terminals operated 
by refineries and pipeline companies but 
does not include those held by secondary 
distributors, by consumers, or in military 
custody. The Bureau of Mines definition 
of a bulk terminal installation is any 
storage facility operated by a refinery or 
pipeline companies which receives its 
principal products by tanker, barge, or 
pipeline or any storage point which has a 
combined capacity for storing refined 
products of 50,000 barrels or more re- 
gardless of transportation means by which 
products are received. 


KEROSINE 


Kerosine demand, exclusive of that used 
as commercial jet fuel, declined slightly 
in 1967. Total demand in 1967 was 100.2 
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million barrels compared with 101.4 mil- 
lion in 1966. 

Kerosine used for commercial jet air- 
craft is now reported under another sec- 
tion of this chapter, along with military 
jet fuel. Stock at the beginning and clos- 
ing of the year show an increase of only 
4,000 barrels. 


DISTILLATE FUEL OIL 


The total demand for distillate fuel oil 
averaged 2,249,000 barrels daily in 1967 
and represented a gain of 2.4 percent for 
the year. This gain was in domestic de- 
mand, as exports were slightly below the 
1966 level. The weather in the east coast 
district was much colder than normal for 
the months of March, April, and May and 
a heavy withdrawal from stocks occurred 
in this area. The transportation difficulties 
arising from the Middle East crisis caused 
a shortage of tankers in the coastal trade, 
and this delayed the usual summer stock 
build up on the east coast. Concerned 
with the inability to meet demand re- 
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Figure 7.— Production, domestic demand, stocks, and exports of gasoline 
in the United States. 
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quirements during the 1967-68 heating 
season, several New England distributors 
requested a study of the situation by the 
Secretary of the Interior. The supply prob- 
Iem eased up during the last quarter when 
some vessels were returned to the coastal 
trade and additional pipeline capacity was 
placed in service. The Oil Imports Appeal 
Board granted import allocations to some 
distributors who were unable to obtain 
supplies from domestic sources. The Secre- 
tary of the Interior also took some addi- 
tional steps to assure an adequate supply 
of distillate fuel oil. Presidential Proclama- 
tion 3794 was amended to include No. 4 
distillate fuel oil in the same category as 
residual fuel, thus eliminating this from 
the refined products allocations and per- 
mitting its importation by license based 
on sales and contractual commitments. 
Since No. 4 is a blend of No. 2 distillate 
and residual fuel oil, this created an addi- 
tional supply of light domestic distillate 
for the home heating market. When the 
proclamation was revised in December to 
grant an allocation for refined product 
imports from the Virgin Islands, it 
specified that for the months of December, 
January, and February, the shipments will 
be No. 2 heating oil. Although the 1967- 
68 heating season was colder than normal, 
no shortage developed. 


RESIDUAL FUEL OIL 


The total demand for residual fuel oil 
increased at the rate of 96,000 barrels 
daily in 1967 or 5.5 percent. Domestic 
demand increased 71,000 barrels per day 
and export demand increased 25,000 bar- 
rels daily. The use of residual fuel oil by 
the electric utilities increased 56,000 bar- 
rels daily in 1967. The sharp increase in 
exports was a result of the Middle East 
conflict. 

The future market for residual fuel oil 
in the United States hinges on the ability 
to supply a product that will meet sulfur 
standards. The Department of Health, 
Education, and Welfare (HEW) under 
the Clean Air Act, has issued strict regula- 
tions to cut the sulfur oxide emissions 
from fuels burned in Federal installations. 
In addition certain States, counties, and 
cities have passed similar regulations. 
Those most affected by these regulations 
are the electric utilities, industrial users, 
refiners, and commercial users who use 
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residual for heat and power. At the present 
time very little of the residual fuel oil 
produced in or imported into this country 
will meet the specifications which HEW 
has established as guidelines. New York 
City regulations call for a 2.2 percent max- 
imum sulfur content for residual fuel oil 
at the present time, with the limit drop- 
ping to 2 percent in May 1969 and 1 per- 
cent in May 1971. Crude oil in the Ca- 
ribbean area is mostly high sulfur content 
and that is the major source of foreign 
crude oil and residual fuel oil used or 
processed in the East Coast district, which 
is the largest market for residual fuel oil. 
North African crude oils have a low sulfur 
content, but this crude oil is also in de- 
mand in European countries which have 
also established air pollution standards. 
East Coast district refiners are faced with 
the problem of discontinuing the produc- 
tion of residual fuel oil by installing facil- 
ities to further process the oil into light 
end products or by installing costly 
facilities to desulfurize the product and 
still have a fuel oil that can compete in 
price with natural gas. In the past 
bituminous coal has also been a com- 
petitor of residual fuel oil, however, it 
too will have problems meeting the sulfur 
emission regulations. 

On the west coast, refiners are faced 
with a similar problem, especially in the 
Los Angeles area. There is an abundance 
of residual fuel oil refined from the 
heavy crude oils produced in the area, but 
the majority will not meet the low sulfur 
standards. Sumatra crude oil imported 
into the area has a very low sulfur con- 
tent but it is also in demand in Japan to 
meet restrictions in that country. As an 
incentive to produce more low-sulfur 
residual fuel oil on the west coast, the oil 
imports regulations were amended on 
October 4, 1967, to provide an additional 
allocation of crude oil to refiners in Dis- 
trict 5 who produce a low-sulfur residual 
fuel oil. A similar proposal is under con- 
sideration for refiners in Districts 1-4. 


JET FUELS 


The domestic demand for jet fuels con- 
tinued to grow at a rapid pace, exceeding 
the 1966 level by 23.1 percent. The de- 
mand for naphtha-type jet increased from 
278,000 barrels daily in 1966 to 306,000 
barrels daily in 1967, and the kerosine-type 
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Jet increased from an average 391,000 
barrels daily to 518,000 barrels daily. 
Naphtha-type jet fuels are used principally 
by the military while commercial aviation 
uses the kerosine-type jet fuels. While jet 
fuel imported for use in the United States 
is subject to import control regulations, 
that imported for fuel used by aircraft 
destined for ports outside the United 
States is not subject to the regulations. 
The use of duty-free bonded jet fuel has 
been expanding rapidly and is now averag- 
ing 85,000 barrels daily compared with 
58,000 barrels daily in 1966. 


LUBRICANTS 


The total demand for lubricating oils 
and greases was 62.8 million barrels in 
1967, a decline of 4.9 percent for the year. 
The export market showed some improve- 
ment over 1966, but the domestic demand 
was down 4.7 million barrels. 


LIQUEFIED GASES, ETHANE, AND ETHYLENE 


Liquefied gases are derived from two 
sources. Those produced at refineries are 
called liquefied refinery gases to distinguish 
them from liquefied petroleum gases pro- 
duced from natural gas. The liquefied 
petroleum gases (LPG) are all saturated 
(propane, butane, etc.). The liquefied 
refinery gases (LRG) may contain unsatu- 
rated compounds or olefins (propylene, 
butylene, etc). The olefins are used as 
feedstocks for chemical plants. The satu- 
rated gases may be used as chemical raw 
material or as fuel. Beginning with 1963, 
separate data have been collected on LRG 
used as fuel and that used as raw mate- 
rial for petrochemical feedstocks. Liquefied 
gases are also used in producing gasoline 
and are reported in this chapter as natural 
gas liquids at refineries or as gasoline. 
Although ethane and ethylene are not 
defined as liquefied gases, the statistics on 
these products are in some cases reported 
with those of LPG and LRG. 

The total demand for liquefied gases 
in 1967, exclusive of that blended into 
other products at refineries or terminals, 
was 353.7 million barrels. This includes a 
domestic demand of 344.4 million barrels 
and exports of 9.3 million barrels. 

More detailed information on liquefied 
gases may be found in the chapter on 
natural gas liquids. 
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ASPHALT AND ROAD OIL 


For the first time in several years there 
was a decline in the demand for asphalt. 
Sales of asphalt for paving use were 4 
percent below the 1966 level. This is at- 
tributed to a delay in the release of Fed- 
eral highway funds to the States, which 
slowed down the interstate highway build- 
ing program. Total demand for petroleum 
asphalt was 23.9 million short tons com- 
pared with 24.5 million in 1966. A total of 
478,000 short tons of asphalt was added to 
stocks during 1967. On April 12, 1967, an 
amendment was made to the Presidential 
proclamation pertaining to oil import 
controls which will permit the Secretary 
of the Interior to relax import controls 
of finished asphalt in the event a shortage 
of that material occurs in District 1. 

Shipments of road oil were 1.0 million 
short tons which was slightly below the 
1966 level. 


OTHER PRODUCTS 


Special Naphthas.—This product is used 
primarily for paint thinners, cleaning 
agents, and solvents. The total demand for 
special naphthas in 1967 was 27.2 million 
barrels. 

Waxes.—The production of petroleum 
wax in 1967 was 5.7 million barrels which 
was 33,000 barrels below the 1966 pro- 
duction. There was a decline in both the 
domestic and export market. 

Coke.—The production of petroleum 
coke increased 3.3 percent in 1967 to 18.2 
million short tons. This included 8.6 mil- 
lion short tons of marketable coke and 
9,598,000 short tons that was burned off 
the catalytic cracking units and utilized as 
refinery fuel. Both domestic and export 
demand continued to increase, especially 
for petroleum coke with low sulfur con- 
tent for use in the manufacture of elec- 
trodes required in the electrolytic produc- 
tion of aluminum. Total demand in 1967 
was 18.3 million short tons, of which 3.3 
million tons was exported to foreign 
countries. 

Still Gas.—Refineries used 140,034,000 - 
barrels of still gas as fuel in 1967 and an 
additional 9.5 million barrels was used as 
petrochemical feedstocks. 

Petrochemical Feedstocks.— The petro- 
leum refineries supplied the petrochemical 
industry with 86.9 million barrels of feed- 
stocks other than liquefied refinery gases 
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in 1967. This was a 13.6-percent increase 
over 1966. According to a recent survey 
by the Oil and Gas Journal, the petro- 
chemical industry is expanding rapidly. 
This should assure a continuing high 
growth rate for base feedstocks from petro- 
leum refineries. 

Miscellaneous Finished Products.—Re- 
fineries and natural gas liquids plants cut 
back the production of the miscellaneous 
finished products by 10.6 percent in 1967. 
Principal cutbacks were in the petro- 
chemical products and specialty oils. The 
domestic demand for the miscellaneous oils 


FOREIGN 


Foreign trade statistics reported in this 
section were compiled from two sources. 
The imports of crude and unfinished oils 
were obtained from the petroleum refining 
companies. Imports of refined petroleum 
products and exports are compiled by 
Bureau of the Census. 

Total imports of crude oil and refined 
products in 1967 were 925.8 million bar- 
rels, down 13.4 million barrels from 1966. 
The unusual decline resulted from trans- 
portation difficulties caused by the Middle 
East crisis and the shutdown of the Suez 
Canal. Importers were unable to bring in 
approximately 56 million barrels of petro- 
leum for which they held licenses. The 
Secretary of the Interior extended the ex- 
piration date on these unused import 
licenses for 2 years, permitting part of the 
unused quota to be used in 1968 and the 
balance in the following year. Refined 
products imports were 22 millicn barrels 
higher for the year, with residual fuel oil 
accounting for almost 19 million barrels 
of the increase and distillate fuel oil the 
balance. In July the import control pro- 
gram was amended to permit an additional 
supply of No. 4 distillate fuel oil to be 
imported into the east coast area. This 
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declined 6.6 percent and exports were 
down 8.7 percent. 

Unfinished Oils.—Unfinished oils include 
all oils that will be cracked or further 
distilled at refineries. The rerun (net) of 
unfinished oils represents imports plus or 
minus the change in stocks. 

Imports of unfinished oils are included 
with crude oil under the quota established 
by the Oil Import Administration. By reg- 
ulation imports of unfinished oils are 
restricted to 15 percent of the crude oil 
and unfinished oils quota in Districts 1- 
4 and 25 percent in District 5. 


TRADE 


product can now be imported by license, 
the same as residual fuel oil. Licenses are 
issued on the basis of actual sales, bills of 
sales, and contractual commitments. The 
purpose of this order was to increase the 
availability of low-sulfur fuels to abate air 
pollution. Two other amendments to the 
proclamation were made in 1967. One 
would permit the Secretary of the Interior 
to relax import controls of finished 
asphalt into District 1 in the event a 
shortage of that material occurs. The 
other permits imports of 15,000 barrels 
daily of refined products from the Virgin 
Islands into Districts 1-4, a result of which 
is a desirable accrual of economic benefits 
to the islands. 

While imports declined as a result of 
the Middle East crisis, exports benefited 
by a 55-percent increase. Crude petroleum 
exports increased from 1.5 million bar- 
rels in 1966 to 26.5 million in 1967, and 
refined product exports increased from 
70.9 million barrels to 85.4 million barrels. 
The surge in exports began the middle of 
June and continued through October when 
Eastern. Canada, Western Europe, and 
Japan were again able to establish. more 
normal supply patterns. 


NATIVE ASPHALT 


Bituminous Limestone, Sandstone, and 
Gilsonite.—To avoid disclosure of in- 
dividual company data, it is necessary to 
report a combined production and value 
for these commodities. Production in 1967 
was 1,866,666 short tons, compared with 


2,041,271 short tons in 1966. The lime- 
stone was produced in Alabama and 
Texas; the sandstone in Kentucky and 
Missouri; and the gilsonite in Utah. The 
value for the year was $8,136,000 com- 
pared with $8,438,000 a year ago. 
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Table 3.—Estimates of proved crude-oil reserves in the United States on December 31, 


by States ! 
(Million barrels) 
State 1963 1964 1965 1966 1967 
Eastern States: 
Illinois... 417 391 371 362 336 
F c u ˙ = ] kh ⁰ʒ oie eee 63 61 57 48 47 
Kentucky. aa . 100 118 108 101 94 
Michigan- 2... lll LLL lll lll ll 69 58 53 71 63 
New YOIK: SZ ulus E 18 14 12 10 15 
BT d. 02d. EE 88 100 101 101 114 
Pennsylvania 92 87 77 73 63 
West Virginia... .... 22222222222 L ccc Lll 57 59 55 57 56 
höÜöXé—ũ'! sn hes ³ꝛ 1 wets a ks 904 888 834 828 788 
Central and Southern States: _ 

ADEIDR ebe er 45 50 66 85 79 
Anni ⁵ð⅛ ĩ 225 205 201 181 176 
Der rM 8 841 791 752 726 625 
Louisiana 2 J7)%%ö;—⁴a: 8 5,089 5,162 5, 246 5, 408 5, 456 
Mississi pdp 385 357 360 374 357 
Nebraska... aii... 84 71 71 57 63 
New Mexic ooo 1,011 957 895 1,025 : 926 
North Dakota.. 889 377 395 321 290 
Oklahoma.______________-._.____-._.__-_-.- 1,628 1,586 1,517 1,518 1,459 
Texas EE 8 14,573 14,300 14,308 14,077 14,494 

Totals xl cuo dena iesu EEN 24,270 23,862 23,806 23,772 28 , 925 

Mountain States: 
Colorado 368 346 327 344 340 
Montana. ` 2222222222 aaan 271 252 274 282 308 
Utah. 2.4.5 . . aee E 220 219 197 218 20 
h E ebe 1,254 1,204 1,169 1,078 1,044 
Toal ean eu a ² ͤ8umẽ . LATE ie ne 2,113 2,021 1,967 1,912 1,893 
Pacific Coast States: B 

JJ7ͤö§ĩ⁵ ⁵ ͤ ͤ ¾ ¹—. é 3 83 160 822 881 
Californi˖a 22 2222242222222 3,600 4,125 4,567 4,608 4,369 

CCG A 3, 600 4, 208 4,727 4,930 4,750 

Other States 1 
Total United States. 30,970 30,991 31,352 31,452 31,377 


! From reports of Committee of Petroleum Reserves, American Petroleum Institute. Includes crude oil that 
may be extracted by present methods from fields completely developed or sufficiently explored to permit 
reasonably accurate calculations. The change in reserves during any year represents total new discoveries, 
extensions, and revisions, minus production. 

? Includes offshore reserves; the December 31, 1967 total for Louisiana and Texas was 2,375. 

3 Included with “Other States." 

e Includes Alabama, Alaska 1963 only, Arizona, Florida, Missouri, Nevada, South Dakota, Tennessee, and 
irginia. 
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Table 4.—Supply and demand for crude petroleum in the United States 


(Thousand barrels) 
1963 1964 1965 1966 1967 » 
Produe tion 2,752,723 2,786,822 2,848,514 3,027,763 3,215,742 
Imports ³ĩͤ LUI 412,660 438, 643 452, 040 447, 120 411,649 
Total new supply.......... 3,165,383 3,225,465 3,300,554 3,474,883 3,627,391 
Increase (+) or decrease (—) in 
stocks, end of venr ------ — 14,650 — 7,3804 — 9, 768 LUS, 102 ＋ 10, 579 
Demand: 
Domestic crude. ............ 2,767,129 2,795,130 2,856,918 3,009,900 3,207,943 
Foreign erudde 412, 904 437, 639 453,404 446, 881 408, 869 
Total demand 3,180,033 3,232,769 3,310,322 8,456,781 8,616,812 
Runs to stills: 
Domestic 2,758,168 2,785,895 2,847,821 3,000,789 8,174,004 
Foreigg 412,484 437 , 434 453,021 446 , 404 408,590 
Exports t ; 1,698 1,363 1,097 1,477 26 , 502 
Transfer to fuel oil: 
Distill aten. 807 755 773 752 730 
Residual- -2-2-2 3,305 3,720 3,950 3,551 3,671 
Other fuel losses 3,571 3,602 3,660 3,808 3,315 


Total demand............. 8,180,033 3,232,769 3,310,322 3,456,781 8,616,812 


P Preliminary. 
1 Bureau of Mines data. 
? U.S. Department of Commerce data. 
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Table 7.—Percentage of total crude petroleum produced in the United States, by States 
State 1963 1964 1965 1966 1967 
Texas EE EE 35.5 35.5 35.1 34.9 34.8 
II eene 18.7 19.7 20.9 22.8 24.1 
i ³ð³ðV 8 10. 9 10.8 11.1 11.4 11.2 
an 8 7.3 7.8 7.1 7.4 7.2 
WYOmilDg d ae ee ua oes 5.2 5.0 4.9 4.4 4.2 
New Mexico . 2c -w eg 4.0 4.1 4.1 4.1 8.9 
(eh aa i ³ õ⁰qy AA : 4.0 8.8 8.7 8.4 8.1 
VT SY Og 4... o mu e Lu LA Ub P fL 2.7 2.5 2.8 2.0 1.8 
Mississippi- Idddmſdvdũddd eee nee 2.1 2.0 1.9 1.8 1.8 
Montana) o ee ð V 1.1 1.1 1.2 1.2 1.1 
Colorado... ⅛ ² ¹·¹e¹A ²⁰ ͤ“ʃ.⅛˙ ww. 0ů6dß;:t ris 8 1.4 1.2 1.2 1.1 1.1 
AJ8R&8&2 2: d dd . 4 . 4 . 4 5 9 
North Dakota akk 9 9 .9 .9 .8 
)( ³ udÜĩ]Ü˙Ü˙0 ͤ u 1.2 1.0 .9 .8 oT 
RA TT ee ð k 1.0 1.0 9 .8 7 
PFI ³⅛o¹w ei eee eh aes 7 -T .7 .6 .5 
Mer enee .6 .6 .5 .5 .4 
Nebraska. enee e ee at 8 "y i , D 5 . 4 
Others ð abo ae 1. 5 1.7 1. 6 1.4 1.3 
%%ö§ö»—w y ete ca toe ag ee 100.0 100.0 100.0 100.0 100.0 


Table 8.—Production and reserves of crude petroleum in leading fields in the United States 


(Thousand barrels) 
Field ! State Total since Estimated 
1966 1967 discovery ? reserves 

Wilmington California 47,116 58, 652 1,156,485 1,443,603 
East Texas eXaB..... llevo 45,988 48,460 8,760,209 1,849,791 
Kelly-Snyder................- PFF 22,011 37,075 409,424 778,876 
Caillou-Island................. Louisiana 26,521 83,040 822,856 177,144 
Timbalier acc dO. 8 28,775 33,033 192,220 107,780 
Sho-Vel- Tum Oklahoma 30, 712 32,232 775,067 126,056 
Bay Marchand, Block 2 Louisiana........... 27,211 80,908 214,442 386,094 
Midway-Sunset_________..__-- California 25, 952 29,258 990 , 899 192,640 
Seeligson (All fields) VVT 25,211 29,015 317,264 141,814 

TEE hee 13,170 28,299 472,128 177,872 
Sprayberry Trend CRP 19, 867 27, 810 251,921 28,228 
Goldsmith... ................- 9 A 13, 608 25,915 412,117 80, 000 
Slaughter. Ir ie ae 13 , 461 24,471 361,436 78,564 
West Delta Block 300. Louisiana 20, 556 23 , 744 145,390 254,610 
Kern River California 19, 625 23,677 450, 948 168,755 
South Pass, Block 24. Louisiana........... 22,163 23,568 279,598 470,407 
South Pass, Block 27 Mee Gestengs 20,179 22,955 134,300 176,700 
Panhandle...................- Texas. 22, 976 21,337 1,179,651 467,338 
Huntington Beach............. California 22,107 20,711 792 , 802 143,118 
Elk Basin Montana, Wyoming. 19,889 19,800 328,141 71,859 
San Ardo 22... 22... California 17,529 18,329 193,220 108,036 
Hawkins EAR ees 10,788 17,687 340,345 185,606 
Sooner-Trend (Dover- 

Hennessey)_-.. Oklahoma 11,496 16,753 67,892 32,751 
Rangelen .----------------- Colorado. .......... 16,182 16,579 409,509 190,491 
Lake Barre Louisiana 15,049 16,228 119,986 130,014 
Tom O' Connor d BEE 10,295 16,183 321 , 064 129 ,609 
West Ranch, Te aE 7,667 15,320 201,746 77,071 
Hastings, East and West. %%% 9,918 15, 062 380,136 119,864 

acuuM---------------------- New Mexico 13,812 14,879 160,442 124,558 
Salt Creek Wyoming 12,916 14,689 456,274 53, 726 
Ward-Estes W.. d eee 16,917 14, 408 239,112 67, 888 
Grand Isle Block 16. Louisiana 12,963 14,212 80,136 94,864 
Borrego s GAA „355 13, 558 76, 357 74, 643 
Garden Island Bay Louisiana 8,772 13, 541 77,657 42, 349 
West Delta Block 733. 99 bites 10, 689 13,249 31,829 ,171 
South Timbalier Block 135. doi. 2s m ,310 13,114 39,058 60 , 942 
Main Pass Block 1141 GEG 8,486 13,111 27,297 72, 768 
Swanson River Alaska 10, 406 12, 985 74, 956 125, 044 
Golden Trend... ------------- Oklahoma 13 , 440 12,952 323,252 171, 748 
Main Pass, Block 69. Louisiana 11,807 12, 832 115,794 184,206 
West Baꝓy s do. 2 C 10,692 12,587 112,135 97,865 
Sand His ----.---------- Texas Lo escis „766 12,579 145,134 51,866 
Lake Washington.. Louisiana 10, 203 12,371 139,187 162, 576 


See footnotes at end of table. 
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Table 8. Production and reserves of crude petroleum in leading fields in the United States 


—Continued 
(Thousand barrels) 

Field ! State 1966 1967 Total since Estimated 

discovery ? reserves 
Headlee and Nort nnn Texas. - 18,484 12,307 178,839 122,813 
MceElTOV Sl Lco U... dOc eios 8,843 12,239 250,878 99,122 

Cowden (and Foster and 

Johnson )))) QO... la Vo os 8,380 12,188 237,479 82,521 
Pegasus... -20an dO. Locus 8,021 12,131 96,269 40,731 
Means and North. ............ dO. c eue UM 5,692 11,396 98,436 31,564 
Webeter . d6- 86 6,830 11,217 301 , 440 148,560 
Midland Farms (all)) d.c s x msc 9,187 11,182 136 , 873 74,946 
VI A WEEN A 7,611 11, 104 166,188 84, 508 
Diamond M.................- PP 6,463 10, 999 147,295 847,705 
Sars 8 S sn 6,632 10, 709 440, 700 163, 864 
Oregon Basin Wyoming 8,712 10, 628 150, 558 46,442 
Keystone Texas. 7,819 10,518 225,580 77,420 
Cogdell Area 0022. 8 6,070 10,279 113, 563 43,300 
Fullerton (all) -2 2.------ doc- dsl 6,928 10,273 196,720 78,280 
Cowden, North... . . -- dO. ˙·-A ou 7,271 10,268 208,193 51,807 
iI 8 Louisiana 7,642 10, 203 143, 865 76,134 
Grand Isle, Block 4838. dO: ue ters 6,645 10,124 24,845 75,155 
Old Illinois Illinois.. 10, 476 9, 958 642, 952 32,048 
reer ipi East and West. California 9,470 9, 895 577, 849 72,244 
9292. TREE TORNO AP S tah............... 10,280 9,803 203,257 248 , 743 
Thoi 8 (all cc p sum yu Texas... ——˙ 6,445 9,786 284,459 60,541 
Bayou Sale ` 2.22022 Louisiana 9,825 9,767 122, 434 77, 576 
Katy, North ------------ TeX88...— ic 9,251 9,048 30, 555 50, 952 
Ventura cece cs California 13,215 9.023 723,695 87,926 
Bay St. Elaine Louisiana 7,447 9,028 95, 545 57, 455 
Howard Glasscoc gg Texas. 7,696 8,833 249,313 84,017 
Burbank 2. zum Oklahoma 10, 655 8, 795 466, 676 33 , 324 
Quarantine Bay..............- Louisiana 6, 708 8, 768 106, 880 44, 170 
Sheridan Denn 4,951 8,641 57,909 22,091 
Fairway... eee dO. 0 se oi ss 5,205 8,637 33,813 167, 330 
JJV ĩÜ»àͤ˙ʃ“˙ ie ence I Tu s 6,273 8,462 511,876 139,999 
Agua Dulce-Stratton........... do. hm 7,926 8,333 206,110 54,890 
Van and Van Shallow.......... dO... curis e 5,748 8,327 333,051 72, 949 
Russell and North nn e Th BEES 5,523 8,298 85,168 44,832 
Weeks Island. Louisiana 6, 883 8,247 152, 768 84,232 
Kelsey (all fields) Texad- ok 4,347 8,121 75,408 50,839 
Belridge South --------------- California 7,662 8,070 132 , 707 69,008 
5 Nose dó. ¿. 8 8,282 8,060 433 , 856 85,708 
DUNG Ce noob a Texas. 5, 786 7,781 63 , 922 87,543 
TXL and Nort FC 6, 466 7,683 209,565 75,435 
Grand Bay. -------------- Louisiana 6,374 7,523 110,442 105,558 

Loudon.--------------------- Illinois 8,533 7,288 327,927 2, 07 
r ͤ ee Louisiana 5, 803 7.220 121, 864 53, 186 
Tijerina-Canales-Blu cher Texas... e 8,212 7,119 66,772 33 ,228 
Anoabauge eee CCC 4, 466 7,095 187, 579 78,421 
Seminole and West. G 5, 105 7,037 144, 050 55,950 


1 Fields under ^ million barrels not shown for current year. 
? Includes revisions, if any. 


Source: Oil and Gas Journal. 


Table 9.—Well completions in the United States, by quarters ! 


1st 2nd 3rd Ath Total 
Quarter Quarter Quarter Quarter —————— ————— 
Number Percent 


1966: 
(Ilo suyum 3,961 8,684 4,188 4,947 16,780 46.1 
Gas Fisk hte Set Oa EEN 1,114 935 985 1,343 4,377 12.0 
7˙ĩ%¹ ³ d..... 2,980 8,674 3,539 5,034 15, 227 41.9 
J/ö·§⁵—⁵ð1v˙³⸗5³ f oe secs 8,055 8,293 8,712 11,324 36,884 100. 0 

1967: 
J!!;ö»õõͤ˖A y E. 3,400 3,487 3, 540 4,902 15,329 47.5 
LEIT SE 891 841 783 1,144 8,659 11.4 
BEEN 2,799 2,983 8,090 4,374 13 , 246 41.1 
TOU es oe eo es ie 7,090 7,311 7,413 10,420 32,234 100. 0 


1 Excludes service wells. 
2 Includes condensate wells. 


Source: American Association of Petroleum Geologists and American Petroleum Institute. 


MINERALS YEARBOOK, 1967 


866 


6 8 E Ew Ge E EE See EE IEEE MIU UNE /! NU EC a dec E M EL ap AAN 
6LT 981 I 25 682 966 T j) SS MM p ß ĩͤ BYSBIGIN 
799 888 8 761 399 L68 TI JJ . SEES sy sic BuBUO W 
y ENT Ee g eegene LINOSsI JA 
STL FLY SI 922 988 vrs IF WEG) Ee ee ea .. 88 IddissISSI]A 
#98 822 ³ 92 99 207 vec D JJ EE EE Vegan 
l ` oe deeg g j) 88 pue[&re y 
PPL 8 819 I 997 191 I 856 8 163 T 009 S . 8 1510, 
ak Se re Se El U Z: = 
998. 298 931 GLE 066 6LE 881 )) VTTVTTTT! usai asas 910q8JQ 
581.1 999 591 595 OLS ‘T TTA 902d LCE unos 
SOL 909 GLI S68 888 J TOL 321 O Ka A usa ip S SRR CD ew pg sayta a eS car eRe Ie w U}ION 
sBUBISINOT 
— nT oa—_.Ə—n  ——nO  — >— V. POt°=ə-R.-——-_ .—. 
759.1 918 00€ 859 911.2 81s, 891 /)! SSS U a a a ens stss anes AYon wey 
208 8 96L T DA F9 I 989 ? Lët 081 GIO T. ZE 88 Sesugy 
II |. ͤ 5 E IET I 3 y MEM d SAO[ 
pb TE q 851 Ves 888 81 HE, ⁰¼mʒ m dd ee BuBipuy 
681˙1 069 T 869 I68'I 899 8 3 .. 888 Stout] 
)))) 8 1 1 . EAR JJ gee OE ee coU ee OU SDI 
seh ee, ee e ee eee EE 1 1 FFC JJ lace E C a AE ËTT 
11 Be, 8 21 EE, eee J ! ES DUE ME SpDUOLd 
689 65 gy LA 889 898 89 ) ! AUi LAM op Oo) 
589 4 LT} ob 950 2 808 8 SIE 89 a aa 54555 9 €IU.IOJI[€/) 
207 90 OL 881 909 GLZ 99 JJ ! susuByIy 
v6 9I ë 9 LT "AMEN ã EE ebe Buozliy 
ÝL £8 f 28 0G 0€ S. SL —— 8 JJ T uq MEM eie €exseryv 
88 6 7 77 6 LG | 5 — "7777 n Si Ou Ee gureqeiv 


30H38Ip pus 3484S 


r S)9H9SID pu? sojejS Aq sehne Damm ey) ut suorojduroo 11 M — OI ALL 


867 


CRUDE PETROLEUM AND PETROLEUM PRODUCTS 


*e3n3nsu[ urnoſoneꝗ ueortioury pur SIgtäoioarn umno[oljoq Jo UOIQebossy U€OLIGUIV :a0IN0S 


SA ojesuopuoo sapngou z 
sI MA JAIS S9pn[ox^ r 


52 28 95 81 6998 688 91 588 98 228391 LL8 F r . . me E SE EE EE Bags PIUN I81o,L 
926 28 68 668 216, 219 19 258 !! 888 Zuu o KM 
PLL 121 588 692 560 1 081 569 OLS REENEN BIUIZITA 1SƏAA 
e )). 8 B. i ee ES pq esp J) ˙ E uo32UutusSu M 
SEI g; 01 69 449 99 Lo. 69 VVV C..... ᷣͤ ᷣ .,. .. MEA quein 
9er'6 2958 296 ZL 8E O 290 OLT'T e . ee, FVV SE IUE wL 
989 826 L 165 9158 8099 258 922 dw... K 819H38IP 19430 
529. SLS 8L 528 TIL, 98 86 J EE EE 389] 
907.2 989 OLT 009 T 896.2 TIL 822 Io 2 JJ!!! re a eee s S l l l s DNE 389A 
12 I 129 SIZ 289 9191 518 PLZ 885 E R E cc DM CK ER 389807) In 
:88XƏ I, 
LY SP I e 29 LS I Y EE ac /// aM ORE EE MC eM Hii NCC cM VATES cM UM CM NE 99S89UUO L 
f JEE FI A —— 8 JJC! Acidi "ain cb ee ee ei ee sns Qs cr CMM d RIS 9S3oxe( ymos 
889 6L TLZ g; 689 501 908 GLO. uror Durum dep ere S5 SERE eiugA[Asuuoq 
I , I.. 3 HA e JJ dd i s uo3ə:O 
299.2 380 J g yy Lët SEL e 628'T 199 epag'T 77777777 dapib ee QM da 77 8 uuious O 
192 I 99 FIZ 36 eIe'I 207 98 )CC.õãĩ7»c dd ññ d Un EU eu c oO 
891 I8 || "777777 ZL 981 044 l... SSS E EE el ce ae sa vod WON 
ee . TI Ee ge mee AO N 
TIS, 98 EE 100 291 99 Iv 61 9 )!. ge i ee NOA MƏN 
160 I OFZ Los 569 282 J 628 Ste DOE MMMM EE Ee 1830,L 
9FL SLT 92 359 328 082 LY gpg | 777070077777 APER CI M MM CM a EE qsen 
978 29 T82 eg SIP 66 962 e eeh 8 RO EE E 189A 


:091XoJN MƏN 


868 MINERALS YEARBOOK, 1967 


Table 11.—Producing oil wells in the United States and average production per well per 
day, by States 


Producing oil wells 
1966 1967 


State Approximate Average Approximate Average 
number of production number of production 
producing per well producing per well 
oil wells, er day oil wells, per day 

Dec. 31 (barrels) ! Dec. $1 (barrels) 1 


AlaDRma. EEN 524 42.2 532 38.1 
EE 72 609.9 94 961.4 
E EE 6 45.2 20 616.2 
Arkansas EEN 6,872 10.5 6,459 9.0 
Californias Zeilen Ad bw ee So ee Be 41,348 23. 0 41, 608 23.7 
Sers ⅛ðI 8 2,371 42.6 1,730 45.3 
KIT EEN 28,608 5.9 27,887 5.7 
Indiana.. -aaa aoaaa ³ð³ i) ⁵ð d K hee enone, 5, 30 5. 5 2 4,831 5.5 
177%VFͤõͤõͤõĩ1¹ũi ⁵ ð 46,016 6.1 47,597 5.8 
Fe 8 14, 800 3.3 18 ,255 3.0 
Louisiana: 
Gulf Coast. EE 16,804 104.4 16,867 117.1 
Northern 14,259 10.4 13, 808 10.7 
vk | Ce d rc SS u Rum E 31,063 60.3 30,670 68.7 
Michigan ous uuu eis Se SE 4,141 9.6 4,004 9.2 
Mississippi 2, 549 59.8 2,557 61.3 
LE KEEN 3,507 26.5 3,390 27.8 
Nebraska... eee eee 1,511 24.8 1,480 24.9 
New Mexico: | 
Southeastern... ..... 2L LLL ccc scs ccc. sacs 14,981 19.9 15,210 20.9 
Northwestern 1,523 18.0 1,535 19.9 
ö§ö§ö%Ü ric tuU A EL LL red 16,504 19.7 16,745 20.8 
Nertr Dak BEE i 1115 ae ER 84.0 
or CCJ/õĩ ]˙»1*¹ 6 ͤͤ E SS ay ue LE DLE : š , . 
ran A T oos dur ⁰⁰ydʒdt EE 14,192 2.1 14,638 1.9 
Oklahoma........... Lc. 80,583 7.6 80,970 7.8 
Pennsylvania VON DELE “2d ? 50,645 2 2 45, 426 . 8 
South Dakota... .. LL ccc ccc clc sss 22222 c2 29 28.0 2 20.3 
Texas: ? 
Gull Coast. s; ß ß a ZS 19,255 27.8 18,925 81.0 
East Texas Field 16,843 7.0 16,328 8.6 
West Texas. 66,910 20.2 66,002 21.5 
Panhandle- ket a ĩð2 eee dices E 13,928 6.9 13,862 6.8 
Other distieeãe eee — 79,377 9.9 76,884 10.4 
OCG ote Gi ta Cee ee ee eee, sae 196,308 14.7 192,001 15.8 
J AA WEE 867 77.4 869 75.9 
West Virginia... 2. 22222 LLL cl c2l csl cas 22 2-- 13,467 .8 12,989 eL 
ll ⁰⁰ 8,434 44.6 8,547 44.0 
Other States: 
LN et, EE 42 123.2 41 103.5 
Missouri 150 1.8 146 1.4 
INGV TEEN 10 88.5 13 66.5 
Tennesse 32 6 38 .6 
ARQ oct oe ete seme w 2 7 4 2.7 
g Vd | BEE 236 26.1 237 22.4 
Total United States. 583,302 14.2 573,159 15.2 


1 Based on the average number of wells during the year. 


2 Compiled by Bureau of Mines, all other number of producing oil wells furnished by State agencies. 
3 Division of the Texas Railroad Commission. 
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Table 14.—Receipts of domestic and foreign crude petroleum at refineries in the 
United States 


(Million barrels) 


Method of transportation 1963 1964 1965 1966 1967 P 
By water: 
, oh fe Sct cei Gus 129.8 125.9 147.3 152.0 129.1 
Interstate 307.1 285.9 296.6 347.7 428.4 
Nr EE 322.2 337.1 944.4 820.7 265.3 
Otel EE 759.1 748.9 788.3 820.4 822.8 
By pipeline: 
Intras tate 1,377.2 1,426.0 1,407.0 1,465.8 1,581.1 
Interstates. . 8 900. 8 929.4 955. 8 996.2 995.9 
Pei ⁵ĩ⅛V, ĩ⅛ð d uet ee 90.1 101.7 107. A 126. 0 146. 6 
r eet Serle ee pu ie 2,368.1 2,457.1 2,470.2 2,588.0 2,728.6 
By tank cars and trucks: 
Intrastaté. eee See s 86.2 84.4 84.8 88.1 40.0 
Interstate 4. 5 4.3 8.5 4.5 5.7 
Regele os ))) 0 Beetle, sere 
TOUR WEEN 40.8 38.7 38.3 42.6 45.7 
Grand totall!k!kl!kk 3,168.0 3,244.7 3,296.8 3,451.0 3,592.1 


P Preliminary. 
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Table 15.—Refinery receipts of domestic 


(Thousand 
Interstate receipts from— 
Total Intra- 
Receiving district and State domestic state Ala. Calif. N.Y. 
receipts receipts and Ark. Nev., Colo. and Ill. 
Miss. and Fla. 
Alaska 
District 1: 
Delaware, Maryland................... KEE eee let 700 ...... 
Florida, Georgia, and Virginia........... 3,849 ......... i o A 8 
ew Jermey- » ²·O A 89, 762 15, 3223 807 ...... 814 ...... 
New York sss lll. Jr ²⅛˙Am ³˙ mim K Cadets 8 775 
Pennsylvania 
East EE 119,119 ......... h AA eeen eaei 
// ⁰· AA 8 16, 869 4.000. um unns epe. “Suess 1,882 365 
West Virgina- --................--..- 2,604 ) 99,5 0, Rp TED SP EE 
Ü he ZL ul ul cof ree C 250, 859 06,075 18,372 ...... 807 ...... 3,396 1,140 
District 2 
Iss 8 240, 346 r Yousu uitiis 305 ...... ...... 
Indiana..........................-.--- 164, 524 1,899 o loco aaa kad 1,257 `... 7,647 
Kansas 129, 612 82,099 ggg 1,7977 NEM 
Kentucky, Tennessee. ................- 54,116 12,011 1,842 ...... ...... ...... 112 7, 741 
Michigan 42, 004 J)); K dee 
Minnesota, Wisconsin (vg TREO eee: EE ð ͤ Add ͤ vy ee 
Missouri Nebraska... ................- /// ã we. VV 
ona Dakotas cee o 8 17,039 10:040. isea . . EEN 
o 
East JJ IE gu e S 21 , 119 5.7200 3 ------ ------ 2. 399 ...... 10, 757 
Dol "D 126, 165 : 4,340 ...... ...... ,062 ...... 17,456 
Okahoma..................----..---- 155, 056 115.421. cits uim wakes BT xia cee 
TOUS) ac cots Soke Chee hoe Le it 983, 967 270, 158 6,182 ...... ...... 11,777 12 48,144 
District 3 
Alabamg aKa. 4,115 1:035. (27800. 2.3 ³ĩ²ꝛ˙¾i1Q wiosen Wood AER 
Arkansas 28, 183 CE ²»m m-; m-: u cutee 
Louisiana 355, 295 296, 144 22, 075 J)ĩõĩõĩif 8 
Mssissip pill 62, 124 I2 02D cel tes ²˙ rre EEN ee 
New Mexico..............-..---.....- 12, 420 ! aaan œ ͤ1ſ— ß EEN 
Texas 961. 954 710, rr ⁰ðdʒdu nag bev 
lll / ⁵·dñ̃ 8 1,424,091 1,054,232 26, 132 7 lage eir E 
District 4: 
Colorado 13, 157 D EE EE 
Montang ..2020aaaaaaaaananaManMMnMMMM 30, 251 /// cls. cache. Lees ` 8 
i a a S 36,081 Co Succes 71 18, 5500. 
Wyoming... gs et 39, 469 ! Sees eee 1,5382 22202. eee 
ff ³Ü¹ä¹¹ 118, 958 60,723 ...... ...... 71 20,082 ...... ...... 
District 5: 
California... .................-.-..-.. 387, 994 852,823 ...... ...... S SIM umo (uapa. Gusnwn 
Other States l1l1lll . 14, 373 0 b / ³oð’w-˖ Ee, 
% ]·ꝛ·¹¹w⁴ꝛĩ¹ D 402, 367 359, 05322 — 25,4500... 
Total United States. 3, 180, 242 1, 750, 241 50, 686 284 26,334 31,859 3, 408 49, 284 
Daily aeerage. --------- 8, 713 4, 795 139 1 72 87 9 135 


1 Alaska, Hawaii, Oregon, and Washington. 
3 Oil from Virginia. 
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crude oil by States and districts in 1967 


barrels) 
Interstate receipts from— 
Ind. Ohio Nebr., 
and Kans. and La. Mont. N.Dak. New Okla. Texas Utah W.Va. Wyo. Total 
Mich. Ky. and Mex. receipts 
S. Dak. 
TCC rr ³˙ ii ³¼qꝶ⁵ // EE 13, 345 
Seeders. wesw. woes I Kr WEE HE 833 3, 849 
n eee, eee 47,706 _...... ae 819 815 23,368 ...... ...... 110 89, 762 
OS. dodrina REENEN 000 J seta eae 5,311 
Ser, .. theese 60, eet “Beek 208 “/// A Lolo. wés$ies 119, 119 
„ 3, Ee I aE TAY ue ³ A „ 12, 309 
3 hh e ⁵ yd ³ðZ /// : Tee 1,089 
ba dee ee 4,214 116,778 4,410 ....... 1, 127 5,919 85,802 ...... 1,876 943 244,784 
639 5,194 ...... 4,104 631 698 30,000 36,373 127,051 576 ...... 10, 223 216,784 
123 15,393 Le 22825 13, 686 4,899 11,649 38,842 39,589 ...... ...... 29, 534 162, 625 
Dot c du y 1,319 1,595 6,275 18,726 15,138 ...... ...... 2, 663 47, 513 
3 NE EJ! ²⅛ w v x ici EE 42, 105 
))))! de eren wees, ME 15.6 acces 8, 988 29, 204 
)))) 8 )J ole: Se et, Ghee 9 7,772 
53 SF ĩ AAA Ee 9, 483 2, 356 8,379 ME 5,227 25,525 
Bitten eee. ĩͤ K zU NEE “eee, oleae ß ⁊ utatur 
mitico. “sete. Misses NIIS NER Dc ⁵ð i ] x ĩ⅛ͤ K tees 1. 316 16, 114 
25 452 31,96 3, 629 2, 247 8,236 47,90 4, 824 126, 139 
e 4,78 —— 13 Lillo. emm 4,432 ....... 27,527 IS Ee 39, 629 
787 25, 887 18 71,696 16,035 18,584 64, 986 104, 533 281,260 1,124 ...... 62,784 713, 800 
S Ces ath otis sr NM ^y TE EUN Sete 3,080 
3ͤͥͤ ĩ ð “Bienes sek ee ¹m m ]˙—˙ʒũt! te %%% ³˙·iw-- ee cake 6, 060 
222 .! MUT NT /// / uxo 59, 151 
mide. queue. uester. ö docui su ³⅛ 22A 28sec EE 60, 103 
„„ 23 ...... 206,746 ....... . 40,199 1,160 ....... 2,089 ...... ....... 251,465 
8 23 259,714. 40, 199 1,188 40, 230 2,08 ...... ....... 369, 859 
)) ĩð à u 8 720 ! N 16 ...... 11,123 11,866 
%%% tn oe te (eS ee Julee lk vz bu geet Sheetal Gs Suma 18,291 18,291 
SE 140. ces Stee. ees, ĩͤ 7,589 26, 350 
EECH 161 Ud. tees teehee ED. “ese ok EE 1,728 
Staley ab ͤ semen 881 35 WA esda 8 16 ...... 37,003 58,235 
itu peas s Ed STSD Ca ns di 6,449 ....... ....... 11,409 ...... ....... 35, 671 
BEE qune e foie EE ENER 7,643 
%%% ð ̃ ‘dieters. e m s / ͤ . Slt 43, 314 
787 25,910 4, 232 448,188 21, 326 18,619 112,908 111,640 407,292 14,638 1, 876 100, 730 1, 430, 001 
2 71 12 1, 228 58 51 309 306 1, 116 40 6 276 3, 918 


s Oil from Tennessee 
Includes 2,768,000 barrels from Arizona. 
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Table 19.—Pipeline tariff rates for crude petroleum and petroleum products, January 1 


(Cents per barrel) 


Origin Destination 1966 1967 1968 
Crude oil: 
West Texas Houston, T $0.16 $0.16 $0.145-$0.16 
Be E E East Chicago $0.29-0.31 0.29-0.31 0.29- 0.31 
Do- sete tunu Wood River, ID 2 2.. 2... 0. 27-0. 28 0.27-0.28 0.27- 0.28 
Oklahoma. .............. Chicago, II, .22 .22 .22 
PPA Wood River, III.... 19 19 .19 
Eastern Wyoming. Chicago, D, 33 KE 0.32- 0.33 
RI eser Wood River, III... .30 . 80 0.29- 0.30 
Refined products: 
Houston, "Tex Atlanta, G..... $0.249—0.287 .249 0.219- 0.277 
Do c4 ndn New York, N. T . 948 .948 .905 
Tulsa, Okla.............. Minneapolis, Minn .52 . 52 .52 
Salt Lake City, Uta Spokane, Wash.............. . 55 . 49 .48 
Philadelphia, Pa.. Rochester, NY .24 .24 .24 


Source: Interstate Commerce Commission. 
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Table 22.—Tanker rates from U.S. Gulf to destinations north of Cape Hatteras 


Vessels under 25,000 DWT 1 


Clean products Dirty products 
Year (cents per gallon) (dollars per barrel) 
No. 2 30 gravity No. 5 Bunker C 
Gasoline Kerosine fuel oil crude oil fuel oil fuel oil 
1960 EE 0.77 0.84 0.89 0.30 0.82 0.38 
OG BE ⁵ ð Pe Ne e .89 98 1.0 .41 .43 46 
Jö 8 . 80 88 . 93 KI . 40 48 
33» y . 92 1.01 1.06 45 .47 50 
e . E OA 86 95 1.00 .48 .46 48 
[c MORD MR NCMO PEE .88 91 .96 .50 . 58 56 
1968... ð ² ↄ oL uis e Sh .93 1.03 1.08 . 52 55 58 
Kr c ũ A snc eeu t 1.46 1.60 1.69 . 80 85 90 
Vessels over 25,000 DWT 1 
T960- a ee ie cues ee 0.64 0.70 0.74 0.27 0.29 0.81 
15617 cosi eosam ete ie LE oats 73 81 85 86 KI . 40 
OG teus na 8 71 . 84 .89 83 35 40 
1 ⁵ y ⁵³ð E aaa Ae 85 . 93 98 37 39 41 
e e EE 76 84 .88 38 40 48 
LOG 5 ost ee i ꝛ v. ĩͤv ote 67 74 78 40 48 45 
1966 k0 ³ð2 93 1.02 1.07 41 43 46 
I987. nude ⁵ iat ier E 1.35 1.49 1.57 68 72 Vu 


1 Deadweight ton. 
Source: Platt’s Oil Price Handbook. 


Table 23.—Stocks of crude petroleum, natural gas liquids, and refined products in the 
United States at yearend 


(Thousand barrels) 


1963 1964 1965 1966 1967 

Crude petroleum: 
At refineries- Sh oe RE 61,487 63,908 59,386 62,720 72,093 
Pipeline and tank farm 157,544 149,415 144,740 153,930 158,797 
PrOQUCOPB.. ee 8 18,830 16,734 16,163 21,741 18,080 
WO) EEN 237,361 230,057 220,289 238,391 248, 970 
Natural gas liquids- see — 33,747 35, 679 35, 867 40, 423 65,742 
Refined products. ....... 2. loc cc. 564,451 573,499 580,188 595,651 623,702 


Grand total e ———— .--- 835,559 839,235 836,344 874,465 938,414 
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Table 28.—Value of crude petroleum at wells in the United States, by States 


1966 1967 
State Total value Average Total value Average 


at wells value per at wells value per 
(thousands) barrel (thousands) barrel 


Alabamg. 8 $20,878 82.60 $19,500 $2.65 
L/ y ⁵ y eae 8 44,007 3.06 91,164 8.18 
RK EE 370 2.80 8,188 2.80 
P Ka CT EE EEN 63,372 2.66 56,902 2.70 
(0 ol ß ĩ a aa e E aa 812,834 2.3 829,133 2.31 
Colorado.  .— ³ĩð/ ĩð yd eo 97, 462 2.91 99,008 2.92 
Illinois. -s e ð EE 184,983 3.00 179,792 8.04 
C1111 1-224 EE EE 31,850 3.00 80,041 2.98 
Kansas... -ooo oaao Lae aaaea 306,027 2. 95 297, 600 8.00 
Kentucky- es esc ule »Wf⅛ E n 8 51,488 2.85 45,052 2.90 
Louisiana: 
Gull tes. es duB d uisu MEE 1,936,430 8.12 2,254,162 3.13 
Northern. coos ee eee eo 160,699 2.96 165,661 8.01 
Total- EENEG 2,097,129 9.11 2,419,823 8.12 
J ͥ%ͥꝙ%Ük.C 0 ⁰²m ð a eL 8 „913 2.87 89,455 2.89 
M l. 146, 353 2. 65 155, 726 2.72 
T..] . x te woe eas 86,273 2.44 87,543 2.50 
ËTT (d BEER 37,673 2.72 36,775 2. 75 
New Mexico: 
South ttt 320, 854 2. 84 388, 408 2.94 
Northwestern... eee eee ee 31,247 2.75 29 , 982 2.70 
EE eens ook d 8 352,101 2.84 368 , 840 2.92 
New d EEN 7,925 4.57 , 026 4.58 
North Dakota... 69,170 2.55 65,818 2.60 
OIG EE 32 , 700 3.00 31,427 3.17 
Alo y misa 654,281 2.91 676 „095 2. 98 
Fenn ße ð 8 19,300 4.45 19,701 4.49 
South D/ ⁵ðD:ſ/ eee ons 479 2.00 502 2.38 
Texas: 1 
Gl y aA a 632,368 3.22 705,718 3.27 
East Texas Field.. eee 137,579 3.05 158, 860 3. 06 
West Texas 15, 420, 820 2. 88 1,525,226 2.92 
Fh ð Sy cA 103,147 2.95 103,288 2.97 
Rest Of State. ß ELO Sm ets EHE ces 847, 473 2.95 882, 473 2.97 
OUR aise um a eo ⅛ĩÄ¹⁴ 8 3,141,387 2.97 8,375,565 3.01 
%% ]] ee ee eee 63 , 760 2.64 ,221 2.63 
b ei ia rR 14,623 3.98 14,244 4.00 
WYOMING d ee ce ose Se k my eee 844,243 2.56 351 , 685 2.58 
Other States Sew kc ee ee 5 2.19 4,406 2.28 
Total United Staten ie 8,726,423 2.88 9, 375,727 2. 92 


1 Texas Railroad Commission Divisions. 
2 Florida, Missouri, Nevada, Tennesse, and Virginia. 
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Table 32. Salient statistics of the major refined petroleum products in the United States 


(Thousand barrels) 
1964 1965 1966 1967 » 
Gasoline production: 
At refiner ies 1,649,400 1,693,741 1,783,700 1,888,522 
At gas processing plants 11,901 10,660 8,938 7,864 
Ke ae einen are a oe ea eine 1,661,301 1,704,401 1,792,638 1,845,886 
Stocks Ende JJ½½§ö§Ü(o 193,633 '188, 058 194,177 207, 715 
PC T —— . tks: 10, 482 10,052 15, 648 15,215 
i jo NEN 6,209 4,827 3,7 4,889 
Domestic demand 1,657,906 1,720,201 1,793,381 1,842,674 
Motor gasoline production: 
At resfneriie ; 1,598,186 1,645,172 1,742,456 1,801,448 
At gas processing plants 11,901 10,660 8,9 7,364 
MOU aoa zu es een aaa 1,610,087 1,655,832 1,751,394 1,808,812 
Stocks end of ven... 185,766 174,711 186,393 199,790 
Ed EE 10,482 10,052 15,648 15,215 
FFP! ZÄ—ꝛ—f28 88 683 629 434 841 
Domestic demand ....................... 1,611,348 1,676,304 1,754,932 1,809,789 
Aviation gasoline production 51,214 48,569 41,244 87,074 
Stocks end of ea 7,867 8,341 7,784 7,925 
FP ↄ˙² 2-2 ĩͤ K e o E 5,526 4,198 8,352 4,048 
Domestic demand.......................- 46,558 48 , 897 88 , 449 32,885 
Special naphthas production: 
Atrefheriea. ... ooo e ee 25,878 28,734 29,634 26,912 
At gas processing plants 266 123 116 51 
7J777CôöĩÄ5(⁰õBdr.᷑᷑r³ĩ]ĩ? ee 26,144 28,857 29, 750 26, 963 
Stocks end of yea 5, 879 6,209 5, 588 5,742 
Ir ³ĩ˙inj ⁰mutk de DEAE E 4,144 2, 864 1,895 375 
FFP ors ie re ts, ee s T Su: 1,830 1,564 2,010 1,975 
Domestic demand... 27,551 29,827 30,261 25,204 ` 
Kerosine (including range oil) production: 
At reflneriee ns 93,474 93, 149 100, 849 99,061 
At gas processing plants. 1,493 1,806 1,226 1,144 
CCJJCC»C ³⁰¹ dA c acea Ae m M eur 94,967 94,455 102,075 100,205 
Stocks end of venr. n 27,325 24, 080 25,004 25,008 
F rol csi uere 88 4 100 219 33 
U eos bol eise Ai per us 170 219 254 156 
Domestic demand 92,788 97,581 101,116 100,078 
Distillate fuel oil production: 
At refineries- 2o22 aaa aana 742,046 765,071 784,717 804, 429 
At gas processing plant 393 359 1,132 366 
ToU. . ⅛ é ³Ü. wm ʒ usus 742, 489 765, 430 785, 849 804, 795 
Crude used directly as dis tilllate 755 773 752 730 
Stocks end of ĩxea tt 155, 846 155, 407 154, 096 157,078 
Ee EE 11,785 13,002 13,845 18,492 
EXDOFB no cre iR e 5,986 8,830 4,377 4,287 
Domestic demand... 750 , 424 715, 814 791,380 816, 748 
Residual fuel oil production..... .... ........- 266,825 268,567 263,961 275, 956 
Crude used directly as residual... .............. 3,720 3, 950 3,551 ; 
Stocks end of ear 40, 408 56,214 61,196 62,496 
III %˙]˙ĩ¹oĩ26t ⁰⁰⁰⁰ mn 8 295,771 345 , 187 376, 795 395,754 
EXDOL8 o. ³o·¹i m 6 cec t ĩ mc E 18,870 14,882 12,895 21,955 
Domestic demand. -2200an 554,581 587,011 626,430 652,126 
Jet fuel production: 
At refineries. ______..-.-.----.--------_.- 182,181 191,055 215,446 213,185 
At gas processing plants 409 113 50 88 
Total- z ¿l u ul eee cee K See Boe 182 , 540 191,168 215,496 273,223 
Stocks end of ear k 18,744 18,699 19,374 22,197 
õͥ ²˙²ꝛbUM ae eee ee 28,243 29,426 31,338 32,801 
Exports- ³˙²AA ³⅛˙ k EEE E e 170 1,007 1,778 2,021 
Domestic demand 204,253 219, 632 244,386 300, 770 


See footnotes at end of table. 
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Table 32.—Salient statistics of the major refined petroleum products in the United States 
—Continued 


(Thousand barrels) 


1964 1965 1966 1967 P 
Naphtha type production: 
At refiner ies 82,416 89,478 109,650 
At gas processing plants. 118 5 38 
ON WEE NA 82,529 89,523 109,688 
Stocks end of year 8,338 7,235 , 023 
TM POPS r sh ee mw 8 15,948 12,574 5,450 
Exports . SSS sua 69 , 565 1,802 
Domestic demand __ _ 97,813 101,635 111,548 
Kerosine type jet fuel production 108,639 125,978 163,535 
Stocks end of eat 10,361 12,139 13,174 
TIA DOF GS icol C NA 18,478 18,764 26,941 
e e te oe creme b A i s 313 208 219 
Domestic demand 121,819 142,751 189 ,222 
Lubricant production_______ __ 2... ..- 63,668 62,925 65,407 64,870 
Stocks end of yea 14,062 13,304 12,682 14,774 
IDOL. . sev he lk or Bees S 20 se 37 29 82 40 
Exports: 
Ji ³⅛¹ ˙ã̈1 Lehr Nd C 397 385 376 357 
Jõõͤĩõĩê0⁰: . saan ae 17,779 16,207 16, 736 18,209 
Total. z usan soe a ei a sec 18,176 16,592 17,112 18,566 
Domestic demand. 2222-2. . 2l. 45,788 47,120 48,949 44,252 
Wax ! production 5,352 5,456 5,772 5,719 
Stocks end of ear 908 890 861 1,045 
pooh ³ ³ V is „ 11 5 20 
FC %]] ˙¹˙ò¹¹ ⅛ͤ ͥ mr 8 1,734 1,654 1,888 1, 688 
Domestic demand 3,596 3,831 3,918 3, 867 
Coke 1 production: 
Marketable coke... ..... 2222 22 2.2 34,872 36,318 88,508 42,944 
Catalyst eoke ae 49,453 49,722 49,546 47,989 
rr ³o¹ ⅛m A T 84, 325 86,040 88,054 90, 933 
Stocks end of vear .------------2a------------ 6,795 7,389 7,297 6,821 
Expor ec ale ie el Ne ua coher 13,618 11,819 14,466 16,279 
Domestic demand 70,395 73, 627 73, 680 75,130 
Asphalt ! production 114,879 123, 604 129, 579 127, 767 
Stocks end of year.. -------------------------- 14,231 16,178 17,309 19,939 
Imports (including natural) 5,912 6,302 6,104 6,447 
EXBOPS. pu l u a es ned Lib boe SE uu 759 362 482 421 
Domestic demand... 120,155 127,597 134,070 131,163 
Road oil produetioůon 6,371 6,565 7,247 6,978 
Stocks end of year 579 584 919 804 
Domestic demand 6,545 6,560 6,912 7,093 
Still gas for fuel production. 131,257 135,295 135,459 140,034 
Liquefied gases (including ethane) for fuel and 
chemical use: 
LRG production: 
For fel d36... li eee ease 59,244 56,125 60,090 67,589 
For chemical use’ 47,268 50,711 46,128 43,928 
77öCCöÄ;—[öl ei E hu et int 106,512 106,836 106,218 111,517 
Stocks of LRG end of year: 
For fueluse_______ aaan 3,074 2,816 3,130 4,741 
For chemical use.. 618 849 206 184 
T'Otal. uc umanuan e yuana Z 8,692 3,665 3,336 4,925 
LPG for fuel and chemical use: 
Delivered from gas processing plants 189,619 200,218 215,081 233, 900 
ae, p i ae , 128 7,553 10,489 9,885 
Exports- ull. e Bins de ir 5,358 7,521 8,181 9,279 
Domestic demand: i p | E M 
LRG for fuel use -` ------------------ 59,516 56,383 59, 776 65,978 
LRG for chemical use 47,190 50, 480 46,771 43,950 
LPG for fuel and chemical use 188,389 200,250 217,389 234,506 
vi H RE 295,095 307,113 323, 936 344, 434 


See footnotes at end of table. 
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Table 32.—Salient statistics of the major refined petroleum products in the United States 


—Continued 
(Thousand barrels) 
1964 1965 1966 1967 P 
Petrochemical feedstocks production............ 57,578 57,851 74,453 87,428 
Stocks end of year 2,569 4,093 2,476 3,254 
Imports: 
Naphtha 0... --.....-... 130 436 280 
OUR. p e ðꝛ ² D.:... 8 J;Ü;—l . r 
%%;́0ö ⁵ðV!y⁊ ð âd ⁵ĩð2 ͤ m uns med ue 500 436 280 
Exports 
rr. ðA y tec 1,952 2,710 2,995 
Domestic demand: 
SLILp88: L. Soin ³Ü¹s·ꝛ²ꝛ A eee 7,698 8,926 10,068 9,532 
Naphtha-400°__________._.____..........-- 24,583 23,521 39,854 50,349 
Bd EE 25,318 22,428 23,874 24,054 
Total. conc pu wees 57,599 54,875 73,796 83,935 
Miscellaneous production: E 
At reflner ies 13, 583 13, 994 16,474 14,919 
At gas processing polanta 8,194 2,913 1,956 1,554 
TD Otel WEEN 16,777 16,907 18,430 16,473 
Stocks end of year 1,819 1,809 2,128 1,703 
BOX DOF US po ff 236 962 989 908 
Domestic demand. ..........................- 16,353 15,955 17,122 15,995 
Unfinished oils (net): 
Input (plus) Output (minus) 21,322 32,111 34,632 34,237 
Stocks end of year 87,014 88,609 89,213 90,201 
Impor EE 32, 587 33, 706 35,236 35,225 
Shortage or (overage))99y9)y)) 79,335 80,241 89,535 106,592 


P Preliminary. NA Not available. 


1 Conversion factors: 280 pounds of wax to the barrel; 5 barrels of coke to the short ton; 5.5 barrels of asphalt 


to the short ton. 
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Table 33.—Input and output of petroleum products at refineries in the United States 
(Thousand barrels) 


1963 1964 1 1965 1966 1967 » 
Input: 
Crude petroleum: 
Domestic 2, 758,168 2, 785, 895 2,847,821 3, 000, 789 3, 174, 004 
Foreien ------------- 412,484 7,434 453, 021 6,404 408,590 
Total crude petroleum. 3,170,652 3,223,329 3,300, 842 3,447,193 8,582,594 
Unfinished oils rerun (net) 31,934 21,322 32,111 34, 632 : 
Total crude and unfinished 
oils rerun............... 3,202,586 3,250,651 3,332,953 3,481,825 3,616,831 
Natural gas liquids. . ........ 190, 143 213,264 225,676 235, 580 4,720 
rr 8 80 29 13 30 87 
Output: 
Gasoline: 
Motor gas oline NA 1, 598, 486 1, 645, 172 1, 742, 456 1,801,448 
Aviation gasoline........ l 51,214 8,569 ; 37, 
Total gasoline 3... 1,581,209 1,649, 400 1, 693, 741 1,783,700 1,838,522 
Special naphthas 2222 22, 687 5, 878 128, 734 29, 634 26,912 
Kerosine 2.___ 164,805 93,474 93,149 100,849 99,061 
Distillate fuel oil 2:22: 764, 597 742, 046 765, 071 784,717 804, 429 
Residual fuel oll 275, 910 266, 825 268 , 567 263,961 215,956 
Jet fuel: 
Naphtha type NA I NA 82,416 89,473 109,650 
Kerosine type 108, 639 125,973 163,535 
. Total jet fuel 2 98,745 182,131 191,055 215,446 273, 185 
Lubriesanta ---------------- 63,086 ,668 62,925 65,407 64,870 
boo MCA 5,126 5,352 5,456 5,772 5,719 
CONG EE 80, 688 84,325 86,040 88, 054 90,933 
Asphalt 333. 111,948 114,879 123, 604 129, 579 127,767 
Road ol -2------------- 6, 792 6, 371 6, 565 e 6,9 
Still gas for fuel 129,598 131,257 135,295 135,459 140, 034 
Liquefied refinery gas (incl. 
ethane): 
For fuel use. 56,894 59,244 56,125 60,090 67,590 
For chemical use 38,9683 47,268 50,711 46,128 43,927 
Total liquefied refinery 
gas. -------------- 95,357 108, 512 106,836 106,218 111,517 
Petrochemical feedstocks: 
Still gas. 7,834 1,698 8,926 10,068 9,500 
Naphtha- 400 . 21, 984 24, 657 24, 511 38, 446 50, 573 
Gr ew 22, 575 25, 223 24,414 25,939 27,355 
Total petrochemical 
feedstocks.......... 52,393 57,578 57,851 74,453 87,428 
Miscellaneous products 2_ _ _ __ 13,578 13, 583 13, 994 16, 474 14,919 
Shortage (or overage) 4. — 73, 710 — 79, 335 —80, 241 — 89,535 — 106, 592 


P Preliminary. 


NA Not available. 


1 New basis, comparable to 1965 data. 
"b EH at natural gasoline plants shown as direct transfers and omitted from the input and output at 
t : refineries. 
3 Conversion factors: 280 pounds of wax to the barrel; 5.0 barrels of coke to the short ton; 5.5 barrels of asphalt 
to the short ton. 
4 Includes losses or gains in volume during processing. 
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Table 34.—Percentage yields of refined petroleum products from crude oil in the 
United States ! 


Product 1968 1964 2 1965 1966 1967 P 

Finished products: 
1ĩĩõĩê % k ĩðâ v 44.1 44.1 44. 0 44.4 44.0 
Special naphthas s (3) .8 .9 .9 .8 
en o ee 8 5.1 2.9 2.8 2.9 2.7 
Distillate fuel oil. ` 23.9 22.8 22.9 22.5 22.2 
Residual fuel oil 8.6 8.2 8.1 7.6 7.7 
% sn te 8 3.1 5.6 5.7 6.2 7.5 
Lubricating ol... 2.0 2.0 1.9 1.8 1.8 
EE sch .2 .2 2 E 
00; ee eh y x 2. 6 2. 6 2. 5 2.5 2.5 
ABDhBlU-- uu ey aan ieee ee 3.5 3.5 3.7 3.8 3.5 
Hosd lll eto Sawa ss ees .2 .2 2 .2 2 
III K ĩ su Oa OE REE 4.0 4.0 4.1 3.9 3.9 
Liquefied gases. 1.8 3.3 3.2 3.0 3.1 
Petrochemical feedstockks 2.8 1.8 1.7 2.1 2.4 
Other finished products. `... .4 .4 .5 .5 .4 
Shor tage. ENEE —2.2 —2.4 —2.4 —2.5 —2.9 
PCJ·ÜQÄſꝛĩů ³ðÜ¹Ü A ³˙ ma vw. e E 100.0 100.0 100.0 100.0 100.0 


P Preliminary. 

1 Other unfinished oils added to crude in computing yields. 
2 New basis, comparable to 1965 data. 

3 Included with gasoline. 
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Table 36.—Input and output at refineries 


(Thousand 


Total 


970, 739 
47, 496 

1, 018, 235 
—1, 454 


1,016, 781 
41,992 
24 


556, 367 
5,770 


562, 137 
6, 236 
24, 346 


221, 341 
54, 390 


18, 088 
28, 888 
46, 976 


—25, 295 


PAD district 1 PAD district 2 
Kast Appa- Appa- Ind, Minn, Okla, 
Coast lachian Total lachian III., Wisc., Kans., 
No. 1 No. 2 etc. etc. etc. 
1066: 
Input: 
Crude petroleum: 
Domestic....................- 172,175 27,984 200,159 28,513 615,951 27,648 298, 627 
Foreign...................... 244,818 14,504 259,322 ...... 15,926 31,560 ....... 
Total crude petroleum 416, 993 12,488 459,481 28,513 631,887 59,208 298, 627 
Unfinished oils rerun (net 51, 158 611 51,769 1,587 —2, 930 —34 —77 
don. Biereg and unfinished oils 
HERE ESPERE 468,151 43,099 511,250 30,100 £€28,957 59,174 298,550 
Naturale gas liquids. ............... 5,698 89 5, 787 462 20, 627 2,437 18, 466 
]l!!ö.õõͤõͤõͤͤ RNC d Leelee I 
Output: 
asoline: 
Motor gas oline 211,530 16, 571 228, 101 15, 354 336, 523 30,810 173, 680 
Aviation gas oline 2, 300 19 319 4,6005 ...... 1,165 
Total gasoline ll. 213, 830 16, 590 230, 420 15,354 341, 128 30,810 174, 845 
Special naphthas 111i. 1, 300 437 1. 737 177 „6238 2, 431 
Kerosine LL... 11,749 1,255 13, 004 643 18,021 2,317 3, 365 
Distillate fuel oil lll... 122,456 10,587 133,043 5,837 128,908 14,467 72,129 
Residual fuel oil................... 35,132 4,314 39,446 2,262 42,571 5,616 3,941 
Jet fuel: 
Naphtha type................- 2, 805 736 3,541 22 9,064 2,037 6, 965 
Kerosine type 9,057 259 9,316 715 20, 433 7,737 
Total jet fuel !.............. 11, 862 905 12, 857 737 29,500 2,037 14,702 
u T:... TTT... ñ T—t,' ... 
Lubricants: 
Bright atoek 695 1, 270 1. 965 8 944 ...... 562 
Neutral- -2 -2 -2-2-0220 2,952 1,674 4,626 176 5,040 ...... 3,092 
Other grades 3,314 621 3,935 222 156 ...... 1,484 
Total lubricants. ............ 6,961 3,565 10,526 406 6,140 ...... 5,138 
Wax: 
Microcrystalline............... 251 222 4139. Basescu 24 200 
Fully refined 1, 338 71 1, 409 53 218 ...... 244 
TEEN 468 175 643 16 122 il. 77 
Total wax ?...............-. 2,057 468 2,525 69 364 ...... 521 
G ĩ˙’ͥww %⅛ͤ¶ ionn ai 13, 652 217 13, 869 289 18, 562 2, 710 8, 010 
Asphalt 2 J 27,750 1,359 29,109 3,299 26, 756 2,278 12, 328 
Road 57] ecto ate asss, asas 13 793 806 ...... 1,519 215 1, 835 
Still gas for fuel .--------------- 17,364 1,641 19,005 1,426 29,019 1,538 11,742 
Liquefied gases (including ethane): 
G for fuel use 10, 771 760 11,531 454 10,365 1,190 7,673 
LRG for chemical use.......... 3,528 ...... 528 1. 899 340 
Total liquefied gases 14, 299 760 15,059 454 12,204 1, 190 8,013 
Petrochemical feedstocks: 
Still gas 1,846 ...... 1,846 ...... LAO A mE 
N aphtha 10 C 2,208 ...... 2,298 ...... 3,542 ...... 1,528 
Muni e EM E f 707 256 963 ...... 2,529 ...... 71 
Total petrochemical  feed- 
me. 8 4, 851 256 5,1000 7,481 ...... 1,599 
Miscellaneous products l. 1, 658 171 1, 829 16 1,052 106 2,387 
Processing gain. —11,085  —220 —11,305  —407 —17,245 —1,673 —5, 970 


See footnotes at end of table. 
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in the United States, by districts 


barrels) 
PAD district 3 PAD PAD 
district 4 district 5 United 
WE 3 — "m O — —::ñ States 
Texas Texas La. Ark., La., Other West Total 
Inland Gulf Gulf Inland N. Mex. Total Rocky Coast 
etc. Mountain 
124, 001 797, 618 356, 737 46, 817 12, 267 1, 337, 440 118, 642 373, 809 3, 000, 789 
JJ ͤ a a E 4921 PS 432 4, 858 134, 296 446, 404 
124, 001 797, 618 357, 169 46, 817 12, 267 1,337, 872 123, 500 508, 105 3, 447, 193 
887 — 15, 407 — 9, 274 59 35 — 23, 161 487 6, 991 34, 632 
124, 888 782, 211 347, 895 47,415 12, 302 1,314, 711 123, 987 515, 096 3, 481, 825 
23, 386 103, 591 22,730 7,159 1,077 157,943 4,757 25, 101 235, 580 
JJ) V RM ODE FCC 30 
77, 455 399, 459 158, 004 24, 240 7, 620 666, 778 62, 836 228,374. 1,742,456 
3,519 9, 504 10,807 occ sete weedeat. 23, 830 802 8,523 41, 244 
80, 974 408, 963 168, 811 24, 240 7,620 690, 608 63, 638 236, 897 1, 783, 700 
1, 009 16, 520 §21 7 18, 798 559 29, 634 
1, 546 44, 344 12, 678 1, 738 173 60, 479 2, 542 8 100, 849 
20, 923 203, 001 91, 531 11. 597 2, 175 329, 227 28, 354 72, 752 784, 717 
4, 867 35, 815 11, 652 1, 800 347 54, 481 10, 687 104, 957 263, 961 
10, 179 20, 540 11, 211 1, 410 1, 199 44, 539 3, 924 19,381 89, 473 
7,412 23, 486 23, 307 IO eus ur 54,312 1, 313 32,144 ` 125, 973 
17,591 44,026 34,518 1,517 1, 199 98, 851 5,237 51,525 . 215,446 
NURSE 1, 562 TOU p DNE 2, 203 43 376 — 6,161 
3 6, 531 5, 901 22 se 12, 564 247 1, 688 27, 433 
156 19, 221 1,117 23,059 .......... 22, 553 187 3,276 31,813 
156 27,314 7,719 Ek LEE 37, 380 477 5, 340 65, 407 
66 182 eE EE qq bm Tapa 332 S 1,037 
EE §25 ONU. ¿Su SSS hoes: ete ate n 914 96 317 3, 251 
. 412 1 ee S Dee Ea 435 10 181 1, 484 
66 1,119 490 _ l... 2227 sere ewes 1,681 114 498 5,772 
2,198 17,376 8,919 1,970 183 30, 646 3, 007 10, 961 88, 054 
5, 849 7,983 8, 445 5, 981 883 29, 141 7,840 18, 828 129, 579 
„ DEE Ee 29 1, 553 1, 290 7,247 
5, 456 26, 956 10, 326 2,172 517 45, 427 4,654 22, 648 135, 459 
3,141 8, 306 7,622 793 242 20, 104 1, 632 7,141 60, 090 
143 28,178 7, 295 3 35,819 ee 4,602 46,128 
3, 284 36, 484 14,917 996 242 55, 923 1,632 11, 743 106, 218 
8 / ˙ð² 2 ˙à m 8 55890 C 922 10, 068 
1, 374 24, 006 820 1 20,242  ........... 4, 836 38, 446 
2, 584 7, 103 11, 285 244 188 21, 404 328 644 25, 939 
3, 958 36, 999 12, 105 286 188 53, 536 328 6, 402 74, 453 
1,020 5, 222 909 FCR 7,159 195 |. 8,730 16,474 
—623 —26, 349 —12, 922 —670 —148 —40,712 —2, 067 —10, 156 —89, 535 
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Table 36.—Input and output at refineries in 


(Thousand 
PAD district 1 PAD district 2 
East Appa- Appa- Ind, Minn, Okla., 
Coast lachian Total  lachian UL. isc., Hans., Total 
No. 1 No. 2 etc. etc. etc. 
1967: 
Input: 
Crude petroleum: 

577 223,522 24, 734 248,256 21,796 627,106 24,916 309, 274 983, 092 
VFC 194,458 19, 817 214,275 ...... 22,147 34, 7666 56, 913 
Total crude petroleum 417,980 44,551 462,531 21,796 649,253 59,682 309,274 1,040,005 
Unfinished oils rerun (net) 55, 649 1,459 67,108 551 —1,225 —57 —171 — 902 

Total crude and unfinished oils 
eebe SE 473,629 46, EH 519,639 22,347 648,028 59,625 309,103 1, 039, 103 
Natural gas liquidſs. 4,851 4,974 128 21,534 2,579 19,978 44,219 
))) ð / ði n ð y ę yy Spa es. deters 56 ...-.. 13 69 

Output: 

Leen are um 214,918 17,409 232,327 11,825 345, 566 30,721 179,419 567,531 
Aviation gasoline.............. 1,879 27 1. 900 3.790 J. 1, 1,247 5,043 
EE 216,797 17,436 234,233 11,825 349,362 30,721 180, 600 572,574 
Special 1 FFF 1, 067 386 1, 453 342 3,402 ...... , 316 6,120 
Inn SO HM S sas EE 12,184 1,087 13,271 748 18, 166 2,289 4,954 26. 157 
Distillate fuel oil ).. 123,238 11,167 134,375 4,698 134,567 15, 107 73, 002 227,374 
Residual fuel oll. 36,272 4,669 40,941 1,788 44,222 5, 405 4, 750 56, 195 
ER 5,425 1, 435 6, 860 32 8,649 1, 763 8,720 19, 164 
F 11. 033 391 11, 424 20 24,133 ...... 9,090 33, 243 
SE , 16, 458 1,826 18,284 52 ` 32, 782 1, 763 17, 810 52, 407 
FC 454 1, 233 1,687 ...... 630 1,030 1,067 
FCC 2,409 1, 839 4, 338 279 4,245 ...... 3, 232 7,150 
3 3, 543 769 4,31 1,398 ...... 1. 209 2,607 
Total lubricants............. 6,496 3,841 10,337 279 6,280 ...... 5,471 12,030 
Microcrystalline..............- 208 219 487 Q... 22 254 276 
Fully refned -00002000M 1,075 67 1, 142 41 2544 221 516 
VV 586 163 749 18 133 88 239 
ME RR 1,929 449 2,378 59 49 ...... 563 1,031 
EE 14, 376 189 14,515 92 18,617 2,659 7, 765 29, 133 
REI HA 26,595 1,705 28,300 1,810 28,134 2,452 12,714 45,110 
EE 709 79 1, 896 111 1,278 3, 285 
Still gas for fuel. `. -2.22.2220 17,512 1,771 19,283 1,075 29,098 1,842 11,526 43,541 
Liquefied gases (including ethane): i s 
fuel use 10, 819 654 11,473 331 11,039 1,207 8, 890 21,527 
LRG for chemical use „9y‚ 3,947 ...... „254 431 2, 685 
Total liquefied gases 14, 766 654 15, 420 331 13,293 1, au 9,321 24, 212 
Petrochemical feedstocks: mn m 
eru CCC 1, 633 — 1,635 ` E: (SEENEN 1,396 
3% ET 2, 642 11 2,053 ...... 4,106 ...... 2,047 6,153 
FCC 733 319 1,052 ...... 2,365 ...... 407 2,772 

Total petrochemical  feed- 
Mr ET 5, 010 330 5,340 ...... 7,807 ...... 2, 454 10, 321 
Miscellaneous products . 1,617 181 1. 798 6 1,019 111 1, 802 2,938 
Processing gain. aaaaaaaaaaanaaannnMn —15, 837 —187 —16, 024 — 630 — 19, 556 — 1.553 a 298 —29, 037 


P Preliminary. 
1 Production at gas processing plants shown as direct transfers and omitted from the input and output at refineries. 


2 Conversion factors: 280 pounds of wax to the barrel; 5.0 barrels of coke to the short ton: 5.5 barrels of asphalt to the short ton. 
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the United States, by districts—Continued 
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barrels) 
PAD district 3 PAD PAD 
district 4 district 5 United 
— — — [os í ə—s States 
Texas Texas La. Ark., La., Other West total 
Inland Gulf Gulf Inland, N. Mex. Total Rocky Coast 
etc. Mountain 
127, 650 833, 245 401, 460 49, 201 12, 438 1, 423, 994 118, 895 399, 767 3, 174, 004 
S bb 619. uod solu. 8 619 6, 511 130, 272 408, 590 
127, 650 833, 245 402, 079 49, 201 12, 438 1, 424, 613 125, 406 530, 039 3, 582, 594 
—374 —24, 911 —7, 113 422 59 —31, —360 10, 308 34, 237 
127, 276 808, 334 394, 966 49, 623 12, 497 1. 392, 696 125, 046 540,347 3, 616, 831 
23, 738 107, 804 28, 032 5, 581 1,129 166, 284 4,792 24, 451 244, 720 
1 ³˙üQAAAAA CH 8 15 F 87 
80, 820 401, 830 188, 269 24, 004 7, 554 702, 477 63, 192 235, 921 1, 801, 448 
3, 500 9, 307 .., / A u u usut: 21, 905 791 7, 429 37, 074 
84, 320 411. 137 197, 367 24, 004 7, 554 724, 382 63, 983 243, 350 1. 838, 522 
1, 683 13, 471 589 769 6 15,918 613 2, 808 26,912 
1, 585 37,015 16, 433 1, 797 161 56,991 1,987 655 90,061 
21,052 214, 853 92, 901 11, 538 2, 210 342, 554 28, 000 72,120 804, 429 
4, 440 40, 052 14,773 1,770 423 61, 458 10, 832 106, 530 275, 056 
9, 659 27,620 13, 441 1,564 1,390 53,674 4, 279 25, 673 109, 650 
7, 808 33, 276 34, 937 did: uerus s 76, 334 2,539 39, 995 163, 535 
17, 467 60, 896 48, 378 1, 877 1, 390 130, 008 6, 818 65, 668 213,185 
33 1, 955 ré whee tees 2,076 33 541 6,604 
. 8. 647 5, 851 499444 14, 992 280 1, 692 29, 058 
156 17, 306 1,093 1,502 5354 dn 20, 057 04 2,168 29, 208 
156 27, 908 7, 665 960 Ses 37, 725 377 4, 401 64, 870 
76 216 JJ AA awa es s 383 F 1.157 
^c 564 25) MENOR e eee 899 66 291 2,914 
EN 374 VE 456 22 182 1,648 
76 1, 154 ö; k- eben A 1,738 99 473 5,719 
2, 253 16, 735 9, 365 2,007 190 30, 550 3, 066 13, 669 90, 933 
5, 846 8,197 8,548 6,017 794 29, 402 7,337 17,618 127, 767 
53 dU. theese: ucl uA. u aap Sh 95 1, 437 1, 452 6,978 
4, 549 27, 362 11, 250 2,112 498 45,771 4,504 26, 935 140, 034 
3, 304 11, 475 7,223 1, 466 282 23, 840 2,249 8,501 67,590 
154 23,730 8, 322 20 I KN Dé DEEG 4, 559 43, 927 
3, 848 35, 205 15, 545 1, 696 282 56, 576 2, 249 13, 060 111,517 
M rn „fr ¿saus cod LOC o 670 9, 800 
1, 429 32, 814 1, 600 611 19 36,473  ........... 5, 294 50, 573 
2,511 9, 285 10, 249 285 140 22, 470 336 725 27,355 
3, 940 47,898 11, 849 896 159 64, 742 336 6, 689 87, 428 
1, 138 3, 881 1, 131 10. 22 20525 22 6,1 522 4,501 14,919 
—777 — 29. 668 —13, 304 —1. 285 —41 — 45,075 —2,319 — 14,137 — 106, 592 
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Table 39.—Consumption, production, and distribution of motor gasoline in 19671 by 
PAD districts 


(Million barrels) 


PAD districts 


I II III IV V Total 
Consumption 2222222222222 621.5 635.8 232.3 58.6 260.3 1,808.5 
Supply: l 
Production 332. 232. 3 567. 6 709. 8 63.2 235.9 1,808.8 
rhel e d u bree tS th eee 9 EE 5.7 15.2 
Received from other districts: 
OM Tee ee esa ees, Math 28.9 J AAA ofl es 
From EEN Bee udis 18.3: T ani 
From EE 412.9 64. 3. 5 16:0. 5.2: 
Erom E «˙wm ⅛o⅛ ee oA d.d. Ro ohERE 1535558 
ß titel. biscuit unions 11111 Qw eee 
Total receipts. ............-.-.-.-- 421.3 97.1 18.4 7.8 3I.5 - ten 
Total supply.....................- 663.1 664.7 728.2 71.0 273.1 1,824.0 
Stock change. ................... ------ +4.8 —.9 +8.7 —.7 +1.5 +13.4 
Shipped to other districtss . 29.0 26.9 497.2 18.9 000 
7 ee DL m ⁰⁰ðy . .1 .8 
Domestic demand.. .-------------------- 629.3 638.7 221.6 52.8 267.4 1,809.8 
Difference between consumption and de- 
D dee eee oe ee —7.8 —2.9 +10.7 +5.8 —7.1 —1.3 


1 Apparent distribution of motor gasoline by districts is based on pipeline, tidewater, and river shipments 
compiled by the Bureau of Mines, an estimate of annual interdistrict railroad shipments was computed from 
the 1963 data compiled by the Bureau of Transport Economics, Interstate Commerce Commission, and records 
compiled by the San Francisco office of the Bureau of Mines. An estimate of shipments moving from PAD 
district 2 by way of the Great Lakes and the Ohio River to PAD district 1 was computed from 1964 data com- 
piled by the U.S. Army Corps of Engineers. 

3 Compiled from data supplied by the American Petroleum Institute. 

3 Includes motor gasoline produced at natural-gas processing plants. 
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Table 40.—Production (refinery output) and consumption of gasoline (excluding naphtha) 
in the United States, by States 


(Thousand barrels) 


1965 1966 1967 P 
Production Consump- Production Consump- Production Consump- 
tion 1 tion 1 tion 1 

Alabama. ..............-....- (2) 29,613 (3) 31,138 (3) 32,179 
A.. _........ 1,898 ......... 967 ........- , 020 
7 dee, bes 15,856 ......... 16,202 ......... 16,720 
Dans. ~~~. ee 13,572 18,423 13,067 19,057 13,128 19,796 
California 3232, 072 177,909 2236, 897 185,251 3243, 350 189, 963 
Colorado : 19,570 6,533 20,363 : 21,702 
Connecticut... --------- 23,061 ......... 24,062 ......... 24,844 
Delaware (4) 5, 503 (4) 5,518 (4) 5, 752 
District of Columbia........... ......... 55 — 883 55 518 . . 5,467 
oridi o ⁵³̈m mm 8 55,842 ......... 58,625 ........- 61,803 
Georgia (5) 40,104 (5) 42,268 (5) 44,621 
ST se oo Soe (3) 4,713 (3) 4,792 (3) 4,820 
h y y Susa sedie TAAL. SS. SL 7,988 8,340 
Aer ͤ K 118, 032 87, 796 129, 538 91,999 129, 482 94, 642 
Indians 81, 841 49, 376 85, 371 51,471 85, 879 52, 622 
1; ³Üꝗä] tou 8 al, Säi  .......-.- 33,092 ........- 84,292 
Kansas.... 68,158 26, 754 73,915 27, 198 77, 683 27, 699 
Kentucky. 7 18, 401 26,601 619, 592 27,777 6 22,641 29,295 
Louisiana 172, 849 28,615 2179, 984 29,899 2208, 243 31,277 
1J70;ÄÜ x uence ees 9:232" Lac zt 9,540 ......... 9,768 
Maryland..................-- 5 27,587 (5) 29,363 5 30,745 
Massachusetts 122,174 40, 358 423,651 41,540 122, 337 42, 639 
Michigan. 25, 486 19,494 27, 782 83, 649 25, 664 85,379 
Minnesota 15, 362 36,227 17,210 38,103 17,578 88,910 
Mississippi. .................- 18,976 (2) 20,255 4 21,192 
Missouri 713,131 46,579 715,225 48,230 7 14,582 49, 594 
Montana 15, 603 9, 349 17,014 9, 350 18, 757 9, 458 
Nebraska. (7 16, 873 (7) 17, 629 18, 190 

At A joe ũũ ͤ ü H. Seeded 5,8199 ,089  ......... : 
New Hampshire 58719. once 6,298 .......-. 6,621 
New Jergey. ----- 74,008 56,452 82, 070 57,968 81,670 59,139 
New Mexico 7,069 11,214 7,620 11,507 : 11,589 
New erk 8 12, 849 122, 829 10, 431 127, 346 10, 881 133, 159 
Norrh Carolina................ -..------ 44, 119 46,2900 48,818 
North Dakota.............--- 8 12,982 8,458 813,600 8,419 813,148 8,401 
Gi ⁵ĩðß³ 92, 765 88,453 94,199 92,140 97,521 94,649 
Oklahoma 78,712 30, 176 85, 705 31, 723 88,451 32,227 
00 ² ͥꝗ AA EE eS 20,044  ......... 20,97ũ 21, 668 
Pennsylvania 101, 585 87, 167 106,447 89,436 110,618 85,525 
Rhode Island „5 (4) 6, 677 (4) 6, 886 (4) 7,099 
South Carolina -.----.------- (5) 21,481 (5) 22,846 (5) 23,890 
South Dakota... --.------ 9,437  ........- 362 80 9,481 
Tennessee (6) 33, 741 (6) 85,955 (6) 87,845 
Toxi o cule y a a 465,567 127,904 489,937 187,446 495,457 139,126 
Utah... tee eee ee 19,17 10,744 20,49 11,159 20,42 11,717 
F Se 8 8,808 ......... 4,0 ks 4, 336 
Virginia 5 6,887 88,105 57,220 40, 063 5 8,044 42,102 
Washington 29, 351 3) 30,105 81,821 
West Virginia 642 12, 96 601 13, 65 688 14,171 
Wisconsin............-----.-- (8) 87,002 (3) 88 , 556 (8) 39, 582 
Wyoming............-.......- 18,523 4,850 19;598 4,997 17,976 5,106 
// aena 1, 693, 741 1,756,337 1, 783, 700 1,835,109 1,838,522 1, 887, 935 


p Preliminary. 

1 American Petroleum Institute. 

2 Alabama and Mississippi included with Louisiana. 

3 Washington and Hawaii included with California. 

4 Delaware and Rhode Island with Massachusetts. 

5 Maryland, South Carolina, and Georgia included with Virginia. 
6 Tennessee included with Kentucky. 

7 Nebraska included with Missouri. 

s Wisconsin included with North Dakota. 
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Table 42.—Shipments of aviation fuels 
(Thousand barrels) 


Shipments to PAD districts: United 
Product and use —— A —. — M T" States 
I II III IV V total 
1966: 
Aviation gasoline: 
or commercial use: 
Airlines 3,770 8,217 1,037 383 1,167 9,574 
Factor 76 60 1 20 248 
General aviation 2, 066 2,289 1,464 349 1,616 7,784 
Totals cuu h 2 es 5,912 5,566 2,593 732 2,803 17,606 
For military use... 3,415 2,213 6,500 506 5,849 18,483 
Jet fuel: 
For commercial use: 
Airlines 48, 830 25, 436 9,997 4,023 36,921 125,207 
Facetory.-. ` 1,143 523 177730 663 2,456 
General aviation 1,246 897 1,355 70 567 4,135 


Total... u... xs 51,219 26,856 11,479 4,093 38,15 131,798 


————— — — 20,611 19,038 13,895 1,801 29, 730 85,075 


JPSD EE 1,491 321 7,450 ....... 4,907 14,169 
One.. eg 131 192 99 1 613 1,036 
juo m — were 22,233 19,551 21,444 1,802 35,250 100, 280 


1967: 
Aviation gasoline: 
For commercial use: 


Airlines: ee Se 2,509 2,286 602 254 267 5,918 
Factor 81 48 64 2 19 214 
General aviation 1,993 2, 337 1,550 361 2,733 8,974 
Total... ease eee 4,583 4,671 2,216 617 3,019 15,106 
For military use 5,593 8,005 4,636 488 6,015 19,737 
Jet fuel: E E 
For commercial use: 
Airlines 64, 196 34, 403 12, 821 4, 897 51, 508 167, 825 
Factory................- 1,172 479 1830 697 2, 528 
General aviation 1,703 1,692 465 81 1,548 5,489 
err ec 67,071 36,574 13,466 4,978 53,753 175,842 
For military use: 2 l I 
..... ͤ nu ie 30,867 20,889 20,586 3,759 36,959 113,060 
i EE EA 5,260 191 e 7,343 15, 922 
Other... c crise 104 75 165 2253622 591 935 
Total. lcocecciccue 36,231 21,155 23,879 3,759 44,893 129,917 


1 Does not include 8,028,000 barrels imported directly by the military in PAD district 1, and 1,926,000 
barrels in PAD district 5. 

* None was imported directly by the military in PAD district 1; does not include 783,000 barrels imported 
directly by the military in PAD district 5. 

Definitions of terms used in this table. 

1. Aviation gasoline—Any fuel in the gasoline boiling range for use in a piston-type aviation engine. 

2. Jet fuel—Any fuel for use in an aviation turbine engine. 

8. Airline—Sales to U.S. certificated air carriers, including air freight carriers, international air carriers (if 
delivery is made in the United States), and to such other air carriers as supplemental or nonschedule carriers, 
air taxi, etc. 

4. Factory—Direct sales to airframe and engine manufacturers. 

5. General aviation—Primarily sales to distributors and airport dealers. 

6. Military—Sales to Defense Fuel Supply Center and to other military agencies of the Government. 
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Table 49.—Statistical summary of petroleum asphalt and road oil 


(Thousand short tons)! 
1963 1964 1965 1966 1967 P 

Petroleum asphalt: | 

Production 20,354 20,887 22,478 23,560 23,230 

Imports (including natural) 1,130 1,075 1,145 1,110 1,172 

IGXDORE culo nete Ph IL yt 128 139 66 87 77 

Stocks (end of period) 2, 610 2, 588 2,941 8,147 8,625 

Apparent domestic consumption 21,337 21,845 23,199 24, 877 23, 847 
Petroleum asphalt shipments: 

Paving ꝛVEàE—⁴¹]! oer sees 16,947 17, 367 18,441 19,648 18,867 

h ⁰⁰ .. y usnm 3,821 4,217 4,081 8,992 8,967 

rr loo st S ZO Sueos 1,879 2,462 2,555 2,798 2,969 

d Ve EEN 22, 647 24, 046 25, 027 26, 438 25, 808 

Road oil: 

Production.... 1,235 1,158 1,194 1,318 1,269 

Stocks (end of period)... 137 105 106 167 146 

Apparent domestic consumption.............- 1,257 1,190 1,193 1,257 1,290 

Road oil shipment 1,099 1,208 1,132 1,045 1,033 


p Preliminary. 
1 Converted from barrels to short tons (5.5 barrels = 1 short ton). 
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Table 51.—Salient statistics of road oil in the United States, by months and refinery districts 


Month and district 


Production 
Month: 
700§ö;ê¹ ⁵ etes 38,182 
Febr.. eene ee 36,182 
Mare EE 88,364 
;Ü·Ü 2 eio neos 100,727 
Ñ NEM A Dre DIE 104,181 
June. z usr oreet cei 158,909 
July o s See ee CE EIC 248,909 
/// ³ðV ]ð2 E N 228, 545 
September, 140, 182 
ed 8 77,091 
November. 31,273 
December 65,091 
Total- oosa ⁰˙ẽům. eo saus 1, 317, 636 
District: 

East Coat 2, 363 
Appalachian No. 11... 144, 182 
Appalachian No. 222 
Indiana, Illinois, Kentucky, etc. 276,182 

Minnesota, Wisconsin, North 
Dakota. étt eege e ee 39,091 
Oklahoma, Kansas, et 333, 636 
Texas Inland. ................ ........- 
Texas Gulf Coast. 5,278 
Louisiana Gulf Coaeee .. 
Arkansas, Louisiana Inland, ete. ......... 
New Mexico 
Rocky Mountain 282 , 364 
West Coast 234, 545 
Total... . ul eee £22 1,317,636 


p Preliminary. 


NA Not available, 


(Short tons)! 


1966 
(end of 
period) 


132,909 


167,091 


Stocks Domestic 


demand 


11,455 
9,637 
25,818 
53,626 
109, 827 
204,000 
255,263 
267, 482 
159,255 
95,455 
41,636 
23,273 


167,091 1,256,727 


— e ze em oe a 


167,091 


— — EE MÀ 


NA 


1,256, 727 


1 Converted from barrels to short tons (5.5 barrels = 1 short ton). 


Production 


261,273 


| 264,000 


1,268,727 


1967 » 


Stocks 


(end of 
period) 


202, 727 


146,182 


Domestic 
demand 


28,000 


146,182 1,289,636 


19,818 


| 
| 
x 


— —— 


NA 


146,182 1, 289, 636 
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Table 55.—Production of miscellaneous finished oils in the United States in 1967, by 
districts and classes 


(Thousand barrels) 


District Absorp-  Petro- Specialty Petro- Other Total 
tion latum oils! chemicals products 
(NEE uz uu a ˙⁰· arc ua Deus in 1,069 261 287 1,617 
Appalachian No. 11. 121 33  ....... 27 181 
Appalachian No. 2ʒ2222 eee Lee --....-.- F 6 
Indiana, Illinois, Kentucky, ete . 60 193 668 98 1,019 
Minnesota, Wisconsin, North Dakota, South 
r ͥͤͤ³¹¼ͤä ⁰ð¹ A ᷑ g yd d uaau II 111 
Oklahoma, Kansas, etee 2222 2c cc. 178 461 705 443 179 1, 866 
Texas Inland ......... 2... 222 2222 L. 228 ——“]ʃ“ 240 875 23 1,366 
Texas Gulls EE 49 353 438 2,915 175 8,930 
Louisiana Gul 978 92 1 900 138 2,109 
Arkansas, Louisiana Inland 21ͤ 8 I0" 2: 226 
Rocky Mountain, New Mexico 19:2 14 17 491 541 
West Coast... EE 31 24 1,694 799 953 8,501 
Total 
LEE 1, 599 1,111 4,393 6,999 2,371 16,473 
I aaa eNA 2,003 942 5,009 8,414 2,062 18,430 


1 Specialty oils include: Hydraulic, 38; insulating, 111; medicinal, 190; rust preventatives, 15; sand frac, 30; 
spray oils, 438; and other, 3,571. 
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Table 60.—World production of crude petroleum by countries 1 
(Thousand barrels) 2 


Country 1963 1964 1965 1966 1967 v 
North America: 
Canada r 257,662 274, 626 r 296,419 r 320,543 352, 526 
Cubaet-.. isaca. r 205 r 248 r 382 r 460 756 
Mexico 114, 867 115,576 117,959 121,149 133,042 
Trinidad 48, 678 49,731 48,859 55,603 64,995 
United States 2,152, 723 2,786, '822 2,848, 514 3,027 763 3,215,742 
South America: 
Argentina 97,221 100,370 98,262 r 104,754 114,739 
Bolivia 3,404 3,290 3,357 6,085 14,527 
Brazil... oe ee 35,714 33,310 34,842 42, 446 53,515 
Chlle 13, 206 13, 687 12,704 12,428 12,369 
Colombia. 60, 343 62,596 r 72,670 r 71,430 68,877 
Ecuador................ 2,465 2,796 2,850 2,660 2,198 
Peru WEEN 21,468 23,119 23,068 23,027 25,857 
" Venezuela____________-- 1,185,511 1,241,782 1, 267, 602 1, 230, 464 1, 292, 876 
urope: 
Albania 5,009 5,096 r 5,692 r 5,840 7,800 
Austria 18,271 18,571 19,908 19,228 18,725 
Bulgaria... 1,266 1,168 1,672 2,920 ; 
Czechoslovakia 1,220 1,822 r 1,301 r 1,288 1,424 
France... 18,117 20,428 21,700 21,365 20,639 
Germany, West. 53,325 55,419 56,945 56,832 57,257 
Hungary 13,408 13,741 13,746 13,009 12,864 
Italy sss 12,155 18,184 15,055 11,974 11,595 
Netherlands SCH 15,377 15,758 16,680 16,438 15,438 
oland- ` - 1,577 2,092 2,514 2,971 8,335 
Rumania 91,171 92,383 93, 693 95, 588 98, 540 
e . . ea Moree 
S. S. N. . — 1,504,300 1,643, 500 1,786,000 1,948,000 2,116,000 
United Kingdom. ..... ME 910 939 606 r 568 648 
Vugosla via 11,930 13,322 15,281 16,460 17,655 
Africa: 
Algeria r 184,288 r 204, 711 r 201,754 r 257,122 e 282,200 
Angola `, 5, 776 6,535 4,784 4,560 8,880 
Congo (Brazzaville) __ 820 627 535 467 380 
Gabon, Republic of 6,446 7,668 9,161 10,484 25, 203 
a ek ee 167,786 815,660 445,374 r 552,712 636, 504 
Morocco. .............- 1,140 910 782 783 738 
Nigeria 27,913 43,997 99,354 152,428 116,519 
RETTEN r4,741 17,068 
United Arab Republic... 38, 759 43,915 45, 556 r 43,300 5 42, 000 
Asia: 
Bahrai inn 16, 503 18, 000 20, 788 22, 521 25,870 
UlM WEE 4,761 r 4,161 i r 4,255 4,446 
China, mainland 54,750 62,050 73,000 95,000 80,300 
Indiasas 12, 266 16, 965 22,494 84,228 42,190 
Indonesia r 166,885 6 171, 492 6r 178,991 6r 168,429 $185,000 
DYN aie 88 538,107 618,731 r 688, 213 771 234 e 952,418 
I/ ĩ A 8 422, 581 461,961 482 461 505, 428 445, 821 
Israel 1,091 1,440 1,469 r 1,359 5 956 
Japan... eno nm ors r 5,646 r 4,818 r 4, 726 r 5, 463 5, 539 
Kuwait 705,471 774,815 791,908 830,537 836, 719 
Kuwait-Saudi Arabia 
Neutral Zone 114,535 131,415 132,285 153,419 152,862 
Mongolia gaga er 365 er 865 r 116 r 89 e 90 
Muscat and O. ²¾ re h ececedbsssce 23,030 
Pakistans 3,514 3,748 8,943 2,502 e 3,700 
Qatar... o oo 70,158 77, 885 84,215 105,945 118,083 
Sarawak and Brunei 29,639 26,265 29,342 r 35,732 88,289 
Saudi Arabia. 594,592 628,095 739,078 873,349 948,110 
Taiwan 19 61 131 226 246 
Thailand *.............. 45 45 40 40 45 
Trucial States. 17,571 67,465 102,804 131,531 139,467 
Turkey... it ete re 5,090 r 5,894 r 9,818 r 13,062 17,459 
Oceania: 
Australia 1,491 2, 622 8,890 7,594 
New Zealand 4 4 4 4 4 
West Iria nn 924 (°) ($) ($) (°) 
Dot! oic r 9, 538,948 10, 311,060 11,057, 489 ' 12,015,830 12, 889, 705 
e Estimate. P Preliminary. r Rev 


ised. 

1 Compiled mostly from data available. May 1968. 

2 42-gallon barrels 

3 Natural naphtha and gas oil. 

4 U.S.S.R. in Asia (including Sakhalin) included with U.S.S.R. in Europe. 

5 Excludes Israeli production of Egyptian oilfields. 

* Beginning May 1, 1963, West Irian transferred to Indonesia, production data for West Irian included for the 
years 1964, 1965, 1966 and 1967 under Indonesia. 

7 Totals are of listed figures only, no undisclosed data included. 
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Phosphate Rock 


By Richard W. Lewis 


The heavy expansion of production 
facilities and opening of new mines and 
plants in 1966 gave rise to an exceptional 
increase in domestic marketable phosphate 
rock production in that year, nearly 33 
percent more than in 1965. This coupled 
with a poor spring planting season re- 
sulted in excessive inventories of both 
marketable rock and triple superphosphate 
at the start of 1967. The demand in 1967, 
although nearly 4 percent greater than in 
1966, was not enough to absorb the in- 
creased output, and the oversupply situa- 
tion worsened. 

Following popular usage, the quantity 
unit long tons was discontinued in favor 
of short tons for reporting phosphate rock 
statistical data beginning with the 1966 
Minerals Yearbook. 


Legislation and Government Programs. 
—The Federal Water Pollution Control 
Administration of the Department of the 
Interior had an active program underway 
to investigate the possibilities for remov- 
ing phosphates from domestic wastes. 
Representatives of the soap and detergent 
industry at a meeting with Government 
officials agreed to cooperate with the De- 
partment of the Interior in a program to 
develop low-phosphate detergents. 

A bill imposing a 5-percent severance 
tax on phosphates was introduced in the 
Florida State Legislature but was defeated. 

The Federal acreage limitation on 
phosphate leases established in August 
1964 was raised to 20,480 acres.’ 


1Commodity specialist, Division of Mineral 


Studies. 

2 Federal Register. Part 3160—Phosphate 
Leases; Prospecting Permits and Use Permits. 
V. 32, No. 139, July 20, 1967, p. 10654. 


Table 1.—Salient phosphate rock statistics 


(Thousand short tons and thousand dollars) 


1963 
United States: 
Mine production. 68,990 
Marketable production... ......... 22,238 
Ve $139,861 
Average per ton.......... $6.2 
Sold or used by producers 22,243 
Malle. s A A CL ea $140,642 
Average per ton $6 
Imports for consumption. ......... 180 
LI D LONDRES RO ok Oe $3,651 
Average per ton $20.28 
ISX POPS e dices eere se 5,093 
P2Os content 1,65 
Ve TEE $31,881 
Average per ton $6. 
Consumption, apparent 17,330 
World: Production 53,753 


r Revised. 


1964 1965 1966 1967 
74,473 84,305 r 112,960 128,973 
25,715 29,436 r 399,044 39,770 
$161,067 $192,738 r 261,092 $265 ,947 
$6.26 $6.55 $6.69 $6.8 
24,731 29 ,039 r 36,443 37,835 
$156,738 $188,590 * $245,182 $251,163 

$6 $6.4 $6.73 $6 
175 148 178 139 
$3,329 $2,980 $4,256 $3,261 
$19.02 $20.14 $23.91 $28.52 
6,374 7,823 9,248 10,072 
2,05 2,31 2,80 3,29 
$89 , 717 $51,109 $65 ,952 $69 , 479 

$6. $6. $7. $6. 
18,532 21,864 27, 878 27,902 
62, 938 10,389 83,215 86,969 


! Measured by sold or used plus imports minus exports. 
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Figure 1. — Phosphate rock (sold or used), apparent consumption, and exports. 


DOMESTIC PRODUCTION 


Production of marketable phosphate 
rock in Florida again increased substan- 
tially. However, data for 1966 are not 
strictly comparable with earlier data due 
to the inclusion of North Carolina sta- 
tistical data with that of Florida. Begin- 
ning in 1966, only one company was 
producing in North Carolina; therefore 
it was necessary to combine the phosphate 
statistics of the two States in order to 
avoid disclosure of company confidential 
data. Florida-North Carolina in 1967 
accounted for 80 percent of the total 
domestic output; the Western States pro- 
duced 12 percent and Tennessee, 8 per- 
cent. Florida-North Carolina production 


increased 7 percent over that of 1966, 
whereas both Tennessee and the Western 
States had a reduction in output, 4 per- 
cent and 20 percent, respectively. 

American Cyanamid Co. added $1 mil- 
lion to its investment in air pollution con- 
trol equipment at its Brewster plant. 
Four new scrubbing units were installed 
which, it was claimed, would reduce the 
fluorine emission to less than the allow- 
able limit established by the Florida Air 
Pollution Control Commission. To increase 
production, Cyanamid put a new 45-cubic- 
yard dragline shovel into operation at its 
new Chicora mine in Florida. 


PHOSPHATE ROCK 


Armour Agricultural Chemical Co. and 
Freeport Chemical Co., a division of Free- 
port Sulphur Co., cooperated in estab- 
lishing a $20 million phosphate mine and 
beneficiation plant near Fort Meade, Fla. 
Under the Agreement each firm shares the 
cost of the project and acquires half of 
the product. Freeport Chemical will use 
its half of the expected 2-million-ton 
annual output to manufacture phosphoric 
acid at a new plant being built at Con- 
vent, La. The new mining and beneficiat- 
ing facility was scheduled to go into pro- 
duction in mid-1968. Freeport’s new acid 
plant with an annual capacity of 600,000 
tons of P2Os, as 54 percent acid, was 
scheduled to go on stream soon thereafter. 

Consumers Cooperative Association 
completed its new $22-million phosphate 
complex at Green Bay, east of Pierce, Fla., 
in 1966, and it was in full operation. The 
rated annual capacities of the plant units 
were as follows: 550,000 tons of sulfuric 
acid, 220,000 tons of diammonium phos- 
phate and 80,000 tons of triple super- 
phosphate. 

International Minerals & Chemical 
Corp. (IMC) raised its annual produc- 
tion capacity in Florida to 8 million tons 
with the opening of its new Kingsford 
mine and plant near Mulberry. The plant 
was designed to produce 2 million tons of 
beneficiated rock annually. IMC also ex- 
panded its Bonnie chemical complex at 
Bonnie, Fla., adding a new feed-phosphate 
unit to produce both diammonium phos- 
phate and calcium phosphate and a new 
superphosphoric acid plant. 

The New Jersey Zinc Co. completed 
a phosphate fertilizer complex at Depue, 
IM. The facility included a 390-ton-per- 
day phosphoric acid unit and a diam- 
monium phosphate unit with a daily 
capacity of 900 tons. The firm announced 
plans to erect a phosphate rock produc- 
tion facility in De Soto County, Fla. 

Occidental Corporation of Florida, a 
subsidiary of Occidental Petroleum Corp., 
planned a $20 million expansion of its 
phosphate facility near White Springs in 
Hamilton County, Fla. The plant had 
only reached full production in 1966. The 
fertilizer complex had a rated annual 
capacity of 470,000 tons of triple super- 
phosphate, diammonium phosphate, and 
superphosphoric acid. The phosphate 
mine's original capacity of 1.5 million 
tons per year was being enlarged to 3 
million. Also included in the expansion 
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were port facilities on the Gulf coast and 
an increase of about 50 percent in the 
chemical fertilizer output. 

F. S. Royster Guano Co. employed a 
new phosphate fertilizer facility near 
Mulberry, Fla. Engineered annual capaci- 
ties for the units included were as fol- 
lows: 90,000 tons of diammonium phos- 
phate, 110,000 tons of granular triple 
superphosphate, and about 158,000 tons 
of run-of-pile superphosphate. 

U.S. Phosphoric Products Division of 
Tennessee Corp., a subsidiary of Cities 
Service Co., brought into production a 
new mine and beneficiation plant located 
near Fort Meade, Fla. The facility was 
designed to produce 2 million tons annu- 
ally for use by the firm's phosphoric acid 
plant and fertilizer complex at Tampa, 
Florida. 

Production at the Swift & Co. Silver 
City mine and beneficiation plant under- 
went a $10 million expansion to increase 
output by 50 percent. Swift also combined 
its Agri-Chem and Phosphate Divisions 
into a single working unit, the Agricul- 
tural Chemicals Division. 

Texas Gulf Sulphur Co. (TGS) began 
mining phosphate rock early in 1966 at 
its Lee Creek mine near Aurora, N.C., and 
nearly attained its capacity output of 3 
milion tons in 1967. Half of the total 
production of concentrates or about 1.4 
million tons annually is used captively 
for the production of phosphoric acid and 
fertilizers in a complex, built at the mine 
site. The Lee Creek fertilizer complex 
was designed to make 357,000 tons of 
triple superphosphate, 220,000 tons of 
diammonium phosphate, and 90,000 tons 
of superphosphoric acid (70 percent 
PzOs) annually. For the control of air 
pollution, TGS installed a $1 million air- 
scrubbing system to remove pollutants 
from stack exhausts. All units were de- 
signed to facilitate expansion in the fu- 
ture. A comprehensive report on the TGS 
Lee Creek operation was published.? 

Phillips Petroleum Co. was planning a 
$20 million phosphate rock processing 
plant near Arcadia, Fla. The firm owns 
about 12,000 acres of phosphate land in 
Manatee and De Soto Counties. 

Stauffer Chemical Co. announced its 
intention of building a phosphate bene- 


3 Caldwell, A. Blake. Lee Creek Open-Pit 
Mine and Fertilizer Plants. Eng. and Min. J., 
v. 169, No. 1, January 1968, pp. 59-83. 
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fication plant at Moffit, south of Zolfo 
Springs, Fla. The concentrate would be 
shipped to the Victor Chemical Division, 
Stauffer Chemical Co. plant at Tarpon 
Springs, Fla. 

Monsanto Co. acquired rights to large 
phosphate ore reserves in Columbia and 
Hamilton Counties in northern Florida 
from Owens-Illinois Inc. 

Duval Corp. purchased a large tract 
of phosphate land in Hardee County, Fla., 
and Miscoa Chemical Co. purchased about 
4,700 acres of land southeast of Fort 
Meade. Continental Oil Co. was also 
known to have acquired phosphate land 
in central Florida. 

Stauffer Chemical Co. purchased the 
remaining outstanding shares of The 
Mountain Copper Co. Ltd. (London), 
thus becoming sole owner of the San 
Francisco Chemical Co. a phosphate rock 
producer in the West. Stauffer had al- 
ready held a 42-percent interest in The 
Mountain Copper Co. and had shared 
equally with it in the ownership of San 
Francisco Chemical Co. Stauffer also 
purchased the phosphate leases in south- 
east Idaho held by Terteling Land Co. 


amounting to an estimated 100 million 
tons of reserve ore. 

Susquehanna-Western Inc. was the suc- 
cessful bidder and leased a 7,000 acre 
tract of Federal phosphate land in 
Wyoming. This addition increased the 
firm’s phosphate land holdings to nearly 
15,000 acres. 

Mountain Fuel Supply Co. was build- 
ing a $4 million plant for washing and 
calcining phosphate ore near Soda Springs, 
Idaho. Also a 3-year contract was 
awarded for mining the ore and hauling 
it 21 miles to the plant. Production from 
the new mine and plant was expected 
late in 1967. 

New Idria Mining and Chemical Co. 
leased 1,800 acres of land in the vicinity 
of Bakersfield. Calif., said to contain 
about 33 million tons of commercial 
phosphate ore. New Idria planned to 
mine the phosphate by open pit methods 
and to produce a commercial product 
within a year. 

FMC Corp. was expanding the ele- 
mental phosphorus capacity at its Poca- 
tello, Idaho, plant by about 15 percent 
to an annual output of 142,500 tons. 


Table 2.— Production of phosphate rock in the United States 


(Thousand short tons and thousand dollars) 


Mine 


Mine production production Washer Marketable production 
used production 
State directly 


P20; 
Rock content Rock 


P20; P20; P20; 
con- Rock content Rock content Value 
tent 


9 29,783 9,612 29,827 9,621 $195,102 
158 2,463 656 3,125 814 23,886 
715 73,291 962 76,092 1,677 742,104 


882 35,537 11,230 739.044 12,112 *261,092 


1966: 
Florida 1__ 99,760 15,452 44 
Tennesse 5, 619 1,186 662 
Western States . 7,581 71,906 2,801 
Total... r112,960718,544 3,507 

1967: 
Florida 117,641 16,731 35 
Tennesse 5,932 1,264 574 
Western States 6,000 1,509 2,941 
Total 33. 128,973 19,508 8,551 

r Revised. 


1 Includes North Carolina. 


8 381,875 10,284 31,910 10,291 207,788 
142 2,418 653 2,992 195 22,571 
772 1,927 606 4,868 1,378 35,588 


922 36,220 11,542 39,770 12,464 265.947 


* Includes Arkansas (1966), Idaho, Montana, Utah, and Wyoming. 
s Data may not add to totals shown because of independent rounding. 
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Table 3.—Florida phosphate rock sold or used by producers, by kinds 
(Thousand short tons and thousand dollars) 


Value Value 
Year Rock P20; —— Rock P+Os — 
content Total Average content Total Average 
per ton per ton 
Hard rock | Soft rock 
1863. -.------ 85 30 $723 $8.51 37 8 $269 $7.27 
/ ˙ A 86 30 747 8.69 31 6 225 7.26 
1965. seek 77 27 684 8. 88 31 6 221 7.13 
19% 8 49 17 437 8.92 45 9 293 6.51 
19671 eeler Gees E 36 7 266 7.42 
Land pebble Total 1 
9 ences 16,102 5,289 $100 , 749 $6.26 16,224 5,327 $101,741 $6.27 
/ 8 18,203 5,971 115,518 6.35 18,320 6,00 116,485 6.36 
988558 ot 21,388 6,949 138,744 6.49 21, 496 6,982 139, 649 6. 50 
1966 2 — 28,043 9,077 184,075 6.56 28,137 9,103 184, 805 6.57 
1967 2 29,796 9,646 193,283 6.49 29,832 9,654 193,548 6.49 


1 Data may not add to totals shown because of independent rounding. 


? Includes North Carolina. 


CONSUMPTION AND USES 


According to a report by the U.S. De- 
partment of Agriculture, the consumption 
of available PzOs as fertilizers during the 
fiscal year ending June 30, 1967, 
amounted to 4,304,688 tons compared with 
the quantity for 1966 of 3,897,132 tons. 
This represented a 10 percent increase 
over the 1966 consumption. 


Phosphate rock sold or used in 1967 
by the producers for the production of 
triple superphosphate was 41 percent 
less than that for 1966. This was due to 
heavy expanded production in 1966 
which exceeded the demand and resulted 
in a large build-up of inventories. 


Table 4.—Tennessee phosphate rock sold or used by producers 
(Thousand short tons and thousand dollars) 


Value 
Year Rock P20; —— 
content Total Average 
per ton 
EEN 2, 682 700 $18,303 $6.82 
KT EE 2, 753 722 19,074 6.93 
JöÜö5 ¾ y EE 2,969 772 22,985 7.54 
BEE 8,076 799 23, 497 7.64 
EE 3,032 808 22, 494 7.42 
Table 5.— Western States phosphate rock sold or used by producers 
(Thousand short tons and thousand dollars) 
Idaho Montana 1 
Year Value Value 
Rock P20; Rock P20; 
content Total Average content Total Average 
per ton per ton 
TT EE 1,948 484 $10,016 $5.14 1,389 419 $10,583 $7.62 
1964... .— 8 2,200 567 9,802 4.46 1,458 440 11,377 7.80 
EE Ww W W W 4,574 1,261 26,556 5.81 
19662 «ĩo uou W W W W r 5,230 r 1,455 r 86,880 7.05 
LE W W W W 4,971 1,393 35,121 7.06 
r Revised. W Withheld to avoid disclosing individual company confidential data. 


Includes Arkansas (1963-66), Utah, Wyoming (1963-67), and Idaho (1965-67). 
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Table 6.—Phosphate rock sold or used by producers in the United States, 
by grades and States 


(Thousand short tons) 


Florida ! Tennessee Western States Total 2 United States 
Year and grade ——Sv — — —— O —FRB — 
Rock P+Os Rock P20; Rock P+O; Rock P20; 
content content content content 
1966: 
Below 60.. ...... 18 18 2,816 124 2,581 634 5,475 1,376 
60-66 |. .......- 807 236 194 55 499 145 1,500 436 
66-10. ........-- 13,944 4,343 66 20 r1,878 r 586 715,888 r 4,949 
Ç70-72___ eee ee ,004 | 649 ....... ..... ... 6 2,004 
72-14 ....-.....- 6,800 4 299. |. ceed r 272 r 90 r 7.072 r 2,983 
Plus 74. 4,504 1:564. 2. 52 ẽx — A 8 4, 504 1,564 
Total...... ... 28,137 9,103 3,076 799 r 5, 230 r 1,455 36,443 1 11,357 
1967: i — — m 
Below 60 36 7 2,171 561 2,305 559 4,512 1,128 
60-66 . ......... 1,375 408 224 883 112 2,550 744 
66-70... .....-.-- 13,078 450011111 às 693 214 13,771 4,805 
CU ue / ( ez. , 8 43 13 1,455 462 3,234 1,084 
CCC 6,257 2,071 27 9 128 43 6,412 2,128 
Plus 74. 7,351 2818 «secs 7 2 7,358 2, 520 
Total? v 29,832 9,654 3,032 808 4,971 1,393 87,895 11,855 
r Revised. 


1 Includes North Carolina. 
2 Data may not add to totals shown because of independent rounding. 


Table 7.—Phosphate rock sold or used by producers, by uses and States 


(Thousand short tons) 


ü Florida 1 Tennessee Western States Total 2 United States 
se ——  — s — — d aa — — —r — —— —— — — me — — —— — — — m 
Rock PzO; Rock P+O; Rock P20; Rock P+O; 
content content content content 
1966: 
Domestic: 
Agricultural. 19,297 6,416 W W 71,389 r 440 W W 
Industrial 709 224 W W 2, 724 675 W W 
Tot all 20, 006 6, 640 3,076 799 r 4,113 r1,115 127,195 r 8,554 
Exports: Total...... 8,131 2.4609. 2. ume 1,117 840 9,248 2,808 
Grand total... 28,137 9,103 3,076 799 » 5,230 11,455 36,448 11,367 
1967: B m _ EM ES 
Domestic: 
Agricultural. 20,461 6,582 W W 1,280 401 W W 
Industrial 357 107 W W 2,633 660 W W 
Total. _ ._._.-__- 20,817 6,689 3,032 808 8,914 1,068 27, 768 8, 565 
Exports: Total 9,015 2,965 _ Emm 1,057 325 10,072 3,290 
Grand total. 29,832 9,654 3,032 808 4,971 1,398 37,885 11,855 


r Revised. W Withheld to avoid disclosing individual company confidential data. 
1 Includes North Carolina. 
? Data may not add to totals shown because of independent rounding. 
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Table 8.—Phosphate rock sold or used by producers in the United States, by uses 
(Thousand short tons and thousand dollars) 


1966 1967 
Use — == —— —— —  TOS5Sa-—T 
Rock P20; Value Rock P20; Value 
content content 
Domestic: 
Phosphoric acid (wet process). 1 7,738 2, 494 r $53,706 11,370 3,594 $70 , 970 
Electric furnace phosphorus. ... 6,443 1,678 r 45,552 5,987 1,563 40,863 
Ordinary super phosphate 4,877 1,793 30,018 5,082 1,661 83,417 
Triple superphosphate........ 17,511 r 2,391 r 45.615 4,433 1,460 29,652 
Nitraphosphate.............. } 
Direct application to the soil... | 
Stock and poultry feed 626 198 4,339 883 283 6,718 
Fertilizer filler (1967) 
Other fertilizers. ---._--------- J 
EICHER m y e, 8 8 3 63 
Total t! ENEE r 27,195 r 8,554 r 179,230 27,763 8,565 181,683 
Exports: "Total ` 9 248 2, 803 65, 952 10, 072 3,290 69, 479 
Grand total r 96,44 r 11,357 r 245,182 37,835 11,855 251,163 


t Revised. 


1 Data may not add to totals shown because of independent rounding. 


STOCKS 


Stocks held by producers at yearend 
were l-percent higher than at yearend 
1966. These include adjustments made 


by the companies and some unbeneficiated 
mined ore. 


Table 9.—Producer stocks of marketable phosphate rock, December 31 
(Thousand short tons) 


1966 1967 
Source — — 
Rock P2O; Rock P20; 
content content 
Fl u usul uu suu Sasu usa 6,885 2,210 8,142 2,591 
Tennesse 1 3 85 28 
Western States r 3,107 r 872 1,994 514 
ü para eee 88 r 10,118 r 3,118 16,221 3,127 
r Revised. 


1 Includes North Carolina. 


? Data may not add to totals shown because of independent rounding. 


PRICES 


The Flordia land pebble phosphate 
rock producers raised prices $0.25 per 
ton on all grades of phosphate rock in 
July 1966. These prices remained steady 
throughout 1967, however, on negotiated 
contracts phosphate rock was sold at 
prices considerably lower than those 
quoted. Price cutting on the contracts 
was due chiefly to an oversupply situation. 

Prices in January were based on the 
cost of fuel oil, $2.35 per bbl of 42 gal, 
and the cost of labor, $1.80 per hour. 


Table 10.—Prices of Florida land pebble, 
unground, washed and dried phosphate 
rock, in bulk, carlots, at mine, in 1967 


(Per short ton) 


Grade (percent B.P.L.) Jan. 2 Dec. 25 
Gëtoep ......... $6.50 $6.50 
6810 102222 u 2552 7.50 7.50 
i.. sasi 8.15 8.15 
TA Re EE 9.20 9.20 
7640 Uist cee Cee 10.20 10.20 


Source: Oil, Paint and Drug Reporter. 


956 


MINERALS YEARBOOK, 1967 


FOREIGN TRADE 


The quantity of phosphate rock ex- 
ported increased 11 percent over that of 
1966. However, the average value per 
ton was $6.90, 23 cents less than the 
previous year. The most significant per- 
centage increase (30 percent) was noted 
in the amount of rock produced in the 
Western States shipped to Canada. 
Japan, West Germany, and Canada, in- 
creased their purchases of Florida land 


pebble phosphate by about 10 percent; 
however, shipments to Italy, the other 
principal foreign customer, were 47,000 
tons less than in 1966. 

Of the small amount of phosphate 
rock imported, 80 percent came from the 
Netherlands Antilles and 19 percent from 
Mexico; chiefly for use as animal feed 
supplement due to the rock’s low fluorine 
content. 


Table 11.—U.S. exports of phosphate rock, by grades and countries 


(Thousand short tons and thousand dollars) 


1966 1967 
Grade and destination —  —.—M—J — ——— — 
Quantity Value Quantity Value 
Florida phosphate rock: 

Australien etc beds 843 $7,795 603 $5,631 
ET eee ees 31 237 46 378 
Belgium-Luxembourg.................- 8 66 139 1,000 
Brazil- Aai 7ꝛ˙-m mt 88 114 1,068 201 1,837 
Canada. L l ee ĩ Se Seer 1,065 11,771 1,218 12,784 
Golem... ASEA 26 252 35 268 
Denmark 2222 lll 22l- 21 170 11 96 
El Salvador 7 60 8 70 
Fr ane 134 1,475 135 1,174 
Germany, Weste 1,162 8,291 1,321 9,262 
EE 80 278 87 698 
KEE 1,165 8,530 1,118 8,243 
Japan eL eoe scenes Mee it 1,845 15,643 2,132 18,410 
Korea, South -2.22222222222222 11 89 156 1,577 
Malaysia 22 402 11 169 
Mexico LLL LLL LLL. 826 2,577 361 2,506 
Netherlands 167 1,284 147 1,311 
New Zealand 309 3,015 140 1,415 
NO Way u hs Se eet Suwa qe 6 54 2 15 
)•ö·Ü Saam EEGEN 10 85 
Philippines 60 521 147 1,317 
Ul] ·Ü¹ĩ¹i˙iAA ⁵² h 8 50 383 39 302 
South Africa, Republic offt. 11 IUD. Sitti aoe 
ET EE 231 2,090 263 2,250 
Sweden. 37 371 82 591 
Switzerland... eee ll222222222 3 36 
United D oea J V 344 2, 888 343 2,934 
Uruguay s. dolus niece lc ELT: 34 297 13 128 

Viet Na im South... ²˙ A S o ee 32 611 (2) (1) 
Yugoslavia 16 125 24 166 
O [hep lu 5 mtr ae due re Ur LE 6 73 9 80 
„ cholo ie IE a Aa 8,113 10,521 8,804 74,733 

Other phosphate rock: 2 

Belgium- Luxembourg 1 38 (1) 12 
BrHzl.-o9 20-2224 2 ĩͤ K ET eei da 4 62 95 
ô§ê⁵ö[‚?ſt% 8 1.094 14,404 1,416 18,942 
(ad 122. ie ur n (1) 3 8 63 
Germany, Wee 5 32 34 207 
õ·§ðe nd Dq... mania Des MS 4 34 3 18 
Mexico 7 96 2 60 
Viet-Nam, South... nnn 26 564 (2) 1 
OthGE. ono w- c LA 1 81 12 282 
duos WEE 1,142 15,314 1,478 19,680 
Grand total. 9,255 35, 835 10, 282 94,413 


1 Less than Le unit. 


* Includes colloidal matrix, sintered matrix, soft phosphate rock, and Tennessee, Idaho, and Montana rock. 
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Table 12.—U.S. exports of superphosphates (acid phosphates), by countries 


(Thousand short tons and thousand dollars) 


Destination 


Feu. 86 


Nansei and Nanpo Islands 
Netherlands... ...... 22. Loco cl Lc LLL lll lll 
New Zealand ll 
INCU Ta EES 
;; EENEG 
United Kingdom.............. 2 222222 cL ee 
. 
Venezuela______ ou eee eL ci ee tke 


Gl... %⅛ð ĩð⸗ LO eens 


1966 1967 
Quantity Value Quantity Value 
E erm 5 $206 
1 $38 2 139 
48 2,372 80 3,521 
132 5,267 123 5,925 
192 9,927 85 3,968 
48 2,845 12 708 
1 77 6 259 
3 167 7 321 
3 130 3 147 
3 151 2 98 
1 HIG. ilL. ees 
EE 3 128 
2 95 6 185 
3 152 16 787 
203 10,246 75 3,664 
(1) 13 15 791 
4 183 4 164 
13 576 113 4,971 
13 670 (1) 17 
2 87 1 26 
85 7,221 151 7,631 
(1) 4 164 
tere NR A Sa 3 186 
5 269 12 472 
SSS Bee Geode 10 407 
1 96 5 259 
763 40,705 743 35,139 


! Less than 15 unit. 


Table 13.—U.S. imports for consumption of phosphate rock and phosphatic fertilizers 


(Thousand short tons and thousand dollars) 


1966 1967 
Fertilizer — —— —— 
Quan- Value Quan- Value 
tity tity 

Phosphates, crude and apatite__ -2-222-222-2222 22an 178 $4,256 139 $3,261 
Phosphatic fertilizers and fertilizer materials 67 3,740 105 6,167 
Ammonium phosphates, used as fertilizers. -__-- 179 13 , 756 212 17,720 
Bone ash, bone dust, bone meal and bones crude, steamed, or ground. 7 499 7 395 
Manures, including guannoo LL 22222 lll lll l 2222 1 1 (2) 7 
Basic slap -enen wana EEN (1) 4 (1) 15 
Dicalcium phosphate 1,109 6 322 


1 Less than 1⁄4 unit. 


WORLD REVIEW 


Algeria.—Production from the Djebel 
Onk mine was considerably behind 
schedule early in the year but increased 
during the remainder of the year. Ex- 
ports were seriously affected by the 
cloing of the Suez Canal and only 
reached 125,000 short tons by yearend. 
It was reported late in the year that the 
Algerian Government was increasing its 
interest in Djebel Onk to 66 percent. 
The development of the deposit, esti- 
mated to have 500 million tons of re- 


serves, involved the construction of a 60- 
mile railroad as well as a beneficiation 
plant. The ore, averaging 53 to 61 per- 
cent bone phosphate of lime (B.P.L.), 
requires a considerable amount of proc- 
essing to raise the grade to the desired 
75 percent B.P.L. When the facility is 
in full operation a production rate of 1 
milion tons is expected. The first ship- 
ment of phosphate by rail from Djebel 
Onk to the port of Annaba (formerly 
Bone) was made late in 1966. 
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Angola.—An exploitable phosphate 
rock reserve of about 27 million tons 
(15 million tons in Cabinda and 12 mil- 
lion north of Ambrizete on the North- 
west Coast) was reported im 1966 by the 
Provincial Government. 


Australia.—Threatened exhaustion of 
phosphate rock deposits on the Pacific 
Islands, currently supplying over 75 per- 
cent of Australia's imports of phosphate, 
produced a flurry of prospecting activity 
both on land and offshore. The Federal 


Government, in 1966, offered rewards to 
discoverers of promising deposits. 

It was reported that 15 exploration 
groups were active in offshore explora- 
tion for minerals on the Australian Con- 
tinental Shelf in November 1966.4 A 
total of 162,290 square miles was held 
by 23 leases, eight of which were 
specifically licensed for phosphate min- 
eral exploration. 


4Engineering and Mining Journal. Aus- 
tralia's Shelf Potential Sparks a Leasing 
Rush. V. 168, No. 4, April 1967, pp. 112-114, 
204. 


Table 14.—World production of phosphate rock, by countries ! 2 


(Thousand short tons) 


Country 1963 1964 1965 1966 1967 P 
North America: 
United States 22 ,238 25,715 29, 436 r 89,044 39,770 
E A EE r 38 r 37 r 44 r 61 54 
Netherlands Antilles 3141 3132 3127 r 3 163 127 
South America: 
Brazil: 
Apatite (ores and concentrates). ..... 237 215 211 r 325 e 330 
Phosphate rok 70 56 96 r 92 e 100 
Chile: 
Ai Llu S Oe e 15 14 r 11 ERU NA 
Gange 8 24 17 24 17 NA 
Peru (guanoo ) 206 226 187 61 72 
M ͥ ã ² ð AAA yy ahead eet Mq eT e 66 e 30 
Europe: 
Belgium. e mcd é 15 24 e 24 e 24 NA 
France (phosphatic-chalk! )))) 56 48 38 r 26 NA 
Poland 2-2 n⁵ ↄ é 71 98 103 e 103 e 100 
U.S.S.R.: 
Apatite? -o tes es r 5.250 r 7,360 r 8,650 r 9,800 9,760 
Sedimentary rock, r 4,200 r 4,800 r 6,670 r 7,440 8,270 
Africa: 
PIC CR EE 384 80 95 e 88 e 386 
Morse eet oe as 9,423 11,131 10,830 10,405 11,624 
Senegal: 
Aluminum phosphate 139 133 149 160 167 
Calcium phosphate 518 746 956 1,091 1,229 
Seychelles Islands (guano) --------- 8 4 7 r4 NA 
South Africa, Republic off.. 501 638 672 1,172 e 1,433 
9 Ü rand e e ete ye 8 567 829 1,065 1,228 e 1,323 
Ulf 8 2,613 3,032 3,351 3,527 e 3,527 
Uganda (apatite dd. 8 11 18 17 NA 
n United Arab Republic ----2------ 675 676 654 728 e 675 
sia: 
China, mainland ¢____________________-- 800 900 1,000 1,100 1,100 
Christmas Island (Indian Ocean) . 130 868 828 1,065 e 1,000 
India (apatite7)77)· .d 14 4 r 8 18 
Inden. dE ees 1 4 ° 4 e 11 NA 
Israel o. a suma css EE 331 265 428 e 441 e 661 
Jordan t-o- e ya dara ee t. 677 666 913 1,142 c 1,100 
Korea, North (apatite e 220 220 220 r 276 276 
Viet-Nam, North: 
Apatite- s. et ha e 3 1,020 e 1,100 ° 1,100 e 1,100 ° 1,100 
Phosphate rock *................... 55 55 55 55 55 
Oceania: 
Australia- e este ss a Su 6 r6 NA 
Makatea Island (French Oceania) 370 428 340 O95. oes neu 
Nauru Island ze 1,733 2,038 r 1,649 2,245 e 2,200 
Ocean Island 399 362 r 414 419 e 500 
Cͤĩ⁰²˙riA. ²˖ͤößL„ẽ.6 ⁰ re ees ee r 53,753 r 62,938 r 70, 389 r 83,215 86,969 
e Estimate. p Preliminary. r Revised. NA Not available. 


! A negligible amount of phosphate rock was produced in Cambodia, Jamaica, Philippines, and Tanzania and 
of guano in Argentina, Territory of South-West Africa, and Philippines. 


* Compiled mostly from data available April 1968. 
3 Exports. 
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In 1966, Broken Hill South Ltd. found 
the first extensive deposit of phosphate 
rock on the continent Further explora- 
tion in 1967, confirmed the presence of 
a major deposit. Some of the outcrop- 
pings were 40-feet thick and the area 
covered about 45 square miles. The de- 
posit is located at Duchess, near Clon- 
curry in central Queensland, 550 miles 
inland from Townsville and about 300 
miles from the Gulf of Carpentaria. 

Eastern Prospectors, Pty., 76 percent 
of which is owned by Mid-Eastern Oil 
N.L., located phosphate deposits north 
of Cooktown in Queensland, on the East 
Coast of Cape York Peninsula. These 
deposits are along the coastal plain and 
easily accessible by sea. However, it was 
reported that the samples tested had a 
grade of 6 percent or less P2Os, not 
high enough to be of commercial im- 
portance. Additional exploration in the 
area may expose higher grade ore. 


International Minerals & Chemical 
Corp. (U.S.A.) reported the discovery 
of a large phosphate deposit, 15-feet 


thick and covering an area of about 15 
square miles, about 150 miles from the 
Gulf of Carpentaria and 600 miles south- 
east of Darwin. The deposit was re- 
ported to contain about 500 million tons 
of medium grade ore. The ore is covered 
by about 35 feet of overburden making 
open pit mining feasible. Additional ex- 
ploration is required before exploitation 
of the mineral can be justified. 


Belgium.—The Directors of Interna- 
tional Minerals & Chemical Corp. 
(U.S. A.) and of Société de Prayon S. A. 
(Belgium) approved a joint venture to 
build a $16 million, 325, 000-ton-per-year 
phosphoric acid plant on the banks of 
the Scheldt near the Netherlands border. 
Plans called for the plant to go on 
stream in 1969.5 


Brazil. New phosphate deposits with 
estimated reserves of 20 million tons 
were discovered in the State of Per- 
nambuco. Phosphate deposits in Brazil 
were estimated to be about 132 million 
short tons averaging 20 percent P;O; 
The deposits, in the States of Pernam- 
buco (88 million tons) and Paraiba (44 
million tons), extend about 90 miles be- 
tween Recife and Joao.’ 


Canada.—Electric Reduction Company 
of Canada, Ltd. (ERCO) has a new 
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$40 million phosphorus plant under con- 
struction at Long Harbour, Newfound- 
land. The facility includes two electric 
furnaces and is expected to be on 
stream in 1969. Two ships were being 
built for Albright & Wilson Ltd. 
(London), the parent company of 
ERCO, to transport liquid phosphorus in 
bulk from the new plant. Each ship 
will have a capacity of 5,000 tons. The 
phosphate rock to feed the furnaces will 
be imported from Florida. 

Simplot Chemical Co., Ltd. put on 
stream, one of the world’s largest am- 
monium phosphate plants, having an 
annual capacity of over 300,000 tons. 
The plant at Brandon, Manitoba, is part 
of a $30-million fertilizer complex. 

The diammonium phosphate (DAP) 
plant planned in 1965 as a joint venture 
by ERCO and Brunswick Mining and 
Smelting Corp. Ltd. was not built. In- 
stead, new plans were made for con- 
structing a DAP plant with an annual 
Capacity output of about 420,000 tons. 
An agreement was signed by the two 
companies and a new firm, Belledune 
Fertilizer Ltd., was formed to operate 
the plant being built at Belledune Point, 
New Brunswick. 

Imperial Oil Ltd., a subsidiary of 
Standard Oil of New Jersey, started con- 
struction on a 550 million fertilizer 
plant near Redwater, Alberta, about 45 
miles north of Edmonton. The plant, 
when completed in early 1969, will have 
an annual output of more than half a 
milion tons of nitrogenous and phos- 
phatic fertilizer. The plant will include 
a double-train diammonium phosphate 
unit. 


Colombia.—Reportedly, a $20 million 
phosphoric acid plant is to be built at 
Barranquilla and to be in full production 
by the end of 1969. Phosphate rock from 
deposits at San Vicente de Chucuri, 
Province of Santander, is expected to 
supply the plant at a rate of about 
1,500 tons daily. 


India.—The new phosphate plant built 


for Albright, Morarji & Pandit Ltd. at 


5 World Mining. Australia-Broken Hill South 
Geologists Discover Two Phosphate Bearing 
Sediment Outcrops. V. 2, No. 18, December 
1966, p. 30. 

6 The Mines Magazine. Largest Phosphoric 
Acid Plant in the European Common Market. 
V. 57, No. 6, June 1967, p. 30. 

7 Mining Journal (London). Brazilian 
Phosphate Deposits. V. 268, No. 6872, May 5, 
1967, p. 343. 
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Ambernath, Maharashtra, was on stream. 
The phosphoric acid unit has a rated 
annual output capacity of 18,000 tons of 
Bai, as acid. Some of the output is 
being used to manufacture 14,000 tons 
of sodium tripolyphosphate per year; the 
rest is being shipped to Dharamsi 
Morarji Chemical Co. Ltd. nearby for 
the production of triple superphosphate. 

The Geological Survey of India in- 
tensified its search for phosphorites, 
concentrating on a black shale-chert 
horizon in the Mussoorie synform. Re- 
sults indicated that phosphorite horizons 
with 20 percent or more P:O; content 
occur in several areas of Uttar Pradesh.? 

Iran.—A phosphoric acid plant and re- 
lated facilities were being designed for 
Shahpur Chemical Co. Ltd. at Bandar-e- 
Shahpur. The plant is part of a $150 
million joint venture of Allied Chemical 
Corp. (U.S.) and National Petrochem- 
ical Co. (Iran). The complex when 
completed in 1969 will include a plant 
to produce sulfur by gas desulfurization 


and units to produce ammonia, urea, 
sulfuric acid, phosphoric acid, diam- 
monium phosphate, and triple super- 


phosphate. The phosphoric acid plant is 
being designed for a daily output of 
about 525 tons of P2Os as 54 percent 
acid. 


Israel—A new phosphate deposit was 
discovered at Har Masa in the Negev 
Desert. Reserves were estimated at about 
8 million tons of rock having a Bas con- 
tent of 26 to 28 percent. 

The phosphate plant at Oron owned 
by Chemical and Phosphates Ltd. in- 
creased its kiln capacity to 660,000 short 
tons of phosphates annually. The firm 
has another plant with an annual out- 
put of about 275,000 tons. 

The construction of a chemical com- 
plex including a 180,000-ton phosphoric 
acid plant and facilities to produce com- 
posite fertilizers from potash and phos- 
phates was agreed upon by the Ministry 
of Development and its American 
partner, Madera Corp. Locally produced 
hydrochloric acid was selected over im- 
ported sulfuric acid for the manufacture 
of the phosphoric acid. The plant was 
planned for the Negev area at Arad, but 
no commencement date was announced. 

A new plant to produce 100,000 tons 
of potassium nitrate and 23,000 tons of 
phosphoric acid annually as under con- 
struction at Haifa. 


was put in force on July 1, 
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Mexico.—The Government scheduled 
two phosphatic fertilizer plants to be 
built by U.S. companies each with an 
annual capacity of about 400,000 tons: 
they are due on stream in 1969. A third 
plant, at least as large, is to be built 
at a later date. The combined produc- 
tions of the three new plants will be 
much greater than Mexican consumption. 
The distribution and price of the fer- 
tilizers will be controlled by the Gov- 
ernment through Guanos y Fertilizantes, 
but it was reported that the companies 
would be free to export the major por- 
tion of their products. Phosphate rock 
is to be imported from Florida and the 
sulfur provided from domestic sources.? 

An Alliance for Progress loan of $19 
milhon was made by the Export-Import 
Bank to Fertilizantes Fosfatados Mexi- 
canos, S.A. de C.V. (FFM), to help 
finance a new phosphate fertilizer plant 


under construction on the southern 
coast of the Bay of Campeche in 
Veracruz. Banco Nacional de Mexico, 


S.A., is the major stock holder in FFM, 
and Pan American Sulphur Co. is a 
minority owner through its affiliate 
Azufrera Panamericana, S.A. Sulfur will 
be supplied by Pan American, and the 
phosphate rock will be shipped in from 
Florida. The plant is expected to reach 
its full daily production capacity of 760 
tons of triple superphosphate and 1,245 
tons of phosphoric acid in 1971.9 The 
entire output reportedly will be ex- 
ported. 


Morocco.—The chemical fertilizer 
complex at Safi started producing diam- 
monium phosphate as well as triple 
superphosphate. Negotiations continued 
throughout the year on the Occidental 
Petroleum Corp. project to establish a 
superphosphoric acid plant. Where the 
plant is to be located and when con- 
struction will start were not announced. 


Nauru.—Representatives of the Nauru 
local government council and of the gov- 
ernments of Australia, New Zealand, and 
the United Kingdom entered into an 
agreement providing for the future of 
the phosphate industry. The agreement 
1967; it 


C. Sedimentary Phosphorite 
Deposits of Mussoorie Area, Uttar Pradesh. 
J. of Mines, Metals & Fuels (Calcutta), v. 
15, No. 4, April 1967, pp. 97-98. 

9Foreign Trade (Canada). Fertilizer Na- 
tionalized. V. 128, No. 4, Aug. 19, 1967, p. 22. 

10 Commercial Fertilizer. Mexico. V. 115, No. 
1, July 1967, p. 22. 
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calls for management of the phosphate 
operations by the British Phosphate Com- 
missioners for 3 years. The management 
will then pass to the newly established 
Nauru Phosphate Corp. if payments for 
the assets are completed." The assets 
were estimated to be valued at about 
$22.4 million. Nauru will continue to 
supply phosphate to the three countries 
of the agreement at the rate of 2 million 
tons per year. A basic price of $11 per 
ton in each of the three years was estab- 
lished. However, if the assets have been 
paid in full by June 30, 1969, the basic 
price in the third year will be raised to 
$12 per ton. !? 


Pakistan.—The East Pakistan Indus- 
trial Development Cop.  (EPIDC) 
planned to erect seven new fertilizer 
plants within the next 5 years. Included 
in the EPIDC plan was two triple 
superphosphate plants at Chittagong. 
Plant No. 1, designed for an annual pro- 
duction of 32,000 tons, was under con- 
struction and scheduled for completion 
in August 1968. Plant No. 2, designed 
for an annual output of 120,000 tons, 
was scheduled on stream in mid-1969. 
Also, a plant to produce 80,000 tons of 
ammonium phosphate annually was 
planned for Habiganj in the Sylhet Dis- 
trict with a target date for completion 
in late 1973 or early 1974.15 
Peru.—Kaiser Aluminum & Chemical 
Corp. completed its acquisition of Texada 
Mines Ltd. of Canada resulting in the 
acquisition of an 80-percent interest in the 
Sechura deposits. Details of the acquisi- 
tion and of the agreement for develop- 
ing these phosphate deposits were re- 
ported.!“ The project plans, subject to 
certain conditions, called for the annual 
production of 2 million tons of phosphate 
concentrates beginning in October 1971. 
The capital expenditure was raised from 
$15 million to $60 million with Kaiser 
Industries spending an additional $1 
million on the project by June 4, 1968. 


South Africa, Republic of.—African 
Metals Corporation, Ltd. (Amcor) had 
on stream a new phosphate plant at 
Langebaanweg, Cape Province. The plant 
beneficiates low-grade phosphate sand at 
the mine site by flotation. The annual 
production rate was reportedly 150,000 
tons of fertilizer and 50,000 tons of con- 
centrates.!* 
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A new 15,000-kv elemental phosphorus 
furnace was completed for Amcor at its 
Kookfontein plant near Meyerton, Trans- 
vaal. The unit, the first of its kind to be 
put into operation on the African con- 
tinent, cost about $6 million and took 2 
years to build. 


Spanish Sahara.—The Spanish Gov- 
ernment-owned mining company, Em- 
presa Nacional Minera del Sahara, S.A. 
(ENMINSA), in 1966 offered for open 
bidding, a 45-percent interest in a joint 
venture to develop an extensive phos- 
phate deposit at Bu-Craa about 54 miles 
southeast of El Aaiun. More than 18 
foreign companies including British, 
French, German, Canadian, and United 
States interests were at one time bidding. 
Finally late in May 1967, a bid by Inter- 
national Minerals & Chemical Corp. 
(IMC) was apparently accepted giving 
IMC a 25-percent interest in the $185 
milion phosphate project. The Spanish 
Government retained 55 percent and 20 
percent was to be open to participation 
bids by European firms. However, nego- 
tiations between the Spanish Government 
and IMC were discontinued in January 
1968. 


Syrian Arab Republic.—Bulgarian and 
Syrian representatives signed a coopera- 
tion protocol for the exploitation of the 
phosphate deposits in the Palmyra dis- 
trict, according to a press release by the 
official Syrian Arab News Agency. Bul- 
garia was to provide all the necessary 
economic and technical studies related to 
the project as well as its financing. The 
cost was to be repaid over a period of 
15 years from the proceeds obtained by 
selling the phosphates to Bulgaria at 
international market prices.!9 


Togo.—W. R. Grace & Co. (U.S.), 
the largest single stockholder (43 per- 
cent) in the Compagnie Togolaise des 


11 Bureau of Mines. Mineral Trade Notes. 


V. 64, No. 10, October 1967, pp. 31-32. 

12 Fertiliser & Feeding Stuffs Journal 
(London). Nauru Phos~hate Agreement. V. 
64, No. 14, July 19, 1967, p. 497. 

13 Bureau of Mines. Mineral Trade Notes. 
V. 64 No. 7, Julv 1967, pn. 21-22. 

14 Northern Miner. Midepsa Industries De- 
tails Agreement Phosphat2 Project. No. 30, 
Oct. 19, 1967. 

15 South African Mining & Engineering 
Journal (Johannesburg). Amcor's Phosphate 
Plant At Full Capacity. V. 78, Pt. 1, No. 
3865, Mar. 3, 1967, p. 495. 

16 U.S. Embassy Beirut, Lebanon. State De 
partment Airgram A-357, Oct. 24, 1967, p. 1. 
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Mines du Benin, submitted to the Togo- 
lese Government a project for the pro- 
duction of superphosphate. This was a 
revival of a three-year-old plan and 


would cost about $800,000. 


Turkey.—In 1966, the discovery of 
large phosphate deposits in the southeast 
covering an area of about 58 square 
miles was reported. The discovery was 
made by the Turkish Supply Research 
Institute which reported that the exploit- 
able ore may amount to 200 million tons 
of 10- to 12-percent PzOs grade. 


Tunisia.—The proposed $40 million 
Industries Chimiques Maghrebines am- 
monium phosphate and ammonium ni- 
trate plant planned for Gabes was 
deferred. An engineering study was made 
of the project but efforts to obtain for- 
eign capital were unsuccessful.” 


Table 15.—Selected African countries: 
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Uganda.—Plans for exploiting the ex- 
tensive apatite deposits in the Tororo 
area and producing triple superphosphate 
were announced by the Uganda Develop- 
ment Corp. The superphosphate facility 
was to be a joint venture with Imperial 
Chemical Industries, Ltd. (ICI) of the 
United Kingdom. ICI completed feasi- 
bility studies on the superphosphate 
plant which was estimated to cost $11 
million.!* 


USS.R.—A triple superphosphate 
plant was put into operation at the Vin- 
niza chemical combine in the Ukraine. It 
was reportedly the first such plant in 


production in the Soviet Union.!? 


17 Bureau of Mines. Mineral Trade Notes. 
V. 64, No. 7, July 1967, p. 34. 

18 Bureau of Mines. Mineral Trade Notes. 
V. 64. No. 11, November 1967, pp. 34-35. 

19 Chemical Age (London). U.S.S.R. Opens 
First Plant for Triple Superphosphate. V. 97, 
No. 2479, Jan. 14, 1967, p. 12. 


Exports of phosphate rock in 1967, by countries 


(Short tons) 


Destination Algeria Morocco Senegal Togo Tunisia Total 
North America: 
Canada.. 222222222 aaa // o dut e 125 ,806 
Cuba ee, — inu eee io 2409 ^ chil. x45 SSS eut uctus 32, 493 
South America 
Braz ewido tesa, 86 / d 21,689 
'» ects yi. ðĩð y 11 000. 222555555, SSS... S 11,000 
Uruguay ssc uu usus ua eee aM see 11,000 ......... 47,400 58 , 400 
Europe: 
Albania... ³»ü³³ Ee ß Bete x EI i 55,173 
Austria ß buaknhsn AR SEL ß ter 48,311 
Belgium- -22-22-22-22 Sete. 1,264,647  ......... 71,650 1,336,297 
Czechoslovakia. 180 // ³ĩ».0 · 87,080 267,918 
Denmark... —.----- 294.952 ae ees ( Bk 23,590 258,542 
Finland -s . AS 113.199. Seed. “heehee. ihi sir ae 113,195 
France. ev cune 15,480 1,993,209 228 , 438 460 ,000 628,760 3,825,837 
Germany 
Bast ru A c e tees %%%%ͤ; WT Ee Sadat EEN 64, 738 
Wel cis ii 8,820 282, 679 184, 158 71,650 171,520 718, 827 
Greer 8 131, 534 55.108 «x22 228,840 415,482 
Hun ³ ³VQA ⁵ )/%ͤͤ]]]]). 8 2,188 
Ireland ... cmo 3L 4% ³ ⅛¹¹¹¹i¹m ]·Ä6AA 8 405, 555 
Italy eo 0 16,535 435,405 19,880 47 , 400 206,460 725,680 
Netherlands. 558,312 5,460 276, 660 840, 452 
Norway... r, ⁵²⁵ 4 ] mr cabled oe 33,538 20, 000 1, 870 55, 403 
Poland... l x (Sia 350,063 ......... ........- 272, 270 622, 333 
Borg... eee ce Bol 8789 EES 327 , 873 
Spann . . ses 4,410 / A 146, 390 906,712 
Sweden 346,566 nr 88 5, 730 352, 296 
Switzerland- dd. 19:650. _. / 2,645 22,295 
United Kkingdom ......- 977, 278 155, 728 13,230 28,770 1,175,001 
Yugoslavia... 2.2... -a e E E EAA 342,160 356, 930 
Africa: 
Canary Islands / ⁰⁰ 24, 687 
re South Africa, Republic H)GYG/ 8 /, A ceed ous 100, 537 
sia: 
/!ôöô; es, veu iore Ir 64, 700 711,853 
Indis: 22: 5 ee e 57,320 11,000 ......... 36,375 29, 980 134, 675 
ö; ⅛* —wujA 476,719 212, 178 116, 845 12, 455 818,197 
Taiwan EECH [28 0771 1 . unan aaa 128,077 
Oceania: Australia 50,158 49,875 123,460  ........ 223, 493 
Other countries EE 156,740 194,246 


102,515 10,217,169 1,033,357 1,237,290 2,457,360 15,047,691 
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United Kingdom.—In 1966, a pact 
was signed by Imperial Chemical Indus- 
tries, Ltd. (ICI) with the U.S.S.R. call- 
ing for ICI to take between 500,000 and 
750,000 tons of Soviet produced phos- 


963 


phate rock concentrate over the next 
four years. The first specific order under 
the agreement was for 120,000 tons of 
concentrate to be delivered between June 


1967 and May 1968.20 


TECHNOLOGY 


A paper was published in which a 
hydropneumatic froth flotation cell was 
evaluated for the recovery of coarse 
Florida phosphate. Comparisons were 
made to belt flotation which was cur- 
rently being used. Results of the tests 
showed that the hydropneumatic cell was 
superior to the mechanical cell and the 
belt circuit.?! 

The Standard I.M.I. Process, a phos- 
phoric acid process based on the acidu- 
lation of phosphate rock with hydro- 
chloric acid with subsequent separation 
of the phosphoric acid by solvent extrac- 
tion, and the I.M.I. Purification Process, 
a solvent extraction technique for purify- 
ing wet-process phosphoric acid from 
acidulated with sulfuric acid, were fully 
described in a published paper." The 
Standard I.M.I. Process was developed 
by Israel Mining Industries Institute for 
Research and Development several years 
ago and was in use in a commercial plant 
in Japan in 1962. The I.M.I. Purification 
Process was more recently developed by 
the same organization. 

A new solvent process for concentrat- 
ing and purifying wet-process phosphoric 
acid was developed by Toyo Soda Manu- 
facturing Co., Ltd. (Japan). The process 
was reported to produce an 8) percent 
acid, pure enough to use as a food addi- 
tive and in manufacturing detergents, 
etc D 

Two processing techniques to produce 
and granulate ammonium phosphate 
more economically were developed by 
Fisons Fertilizers Ltd. In the first process 
inexpensive powdered monoammonium 
phosphate (MAP) is produced from wet- 
phosphoric acid by the addition of am- 
monia under pressure. A slurry is 
produced which is easily handled al- 
though it has a low water content. In 
the second process, an improvement in 
the granulation of mixtures of MAP and 
ammonium nitrate, water is removed 
before granulation and anhydrous molten 
mixtures are produced at temperatures 
below the melting points of their 
component salts.?* 


Interest in nitrophos fertilizers or ni- 
tric phosphates grew in the United States 
due to the short supply of sulfur and 
accompanying price increase. Several 
processes have been developed to pro- 
duce phosphatic fertilizer using nitric 
acid instead of sulfuric acid which is 
necessary for the production of super- 
phosphates. - The development history, 
production methods, economics of proc- 
essing, and agronomic considerations of 
nitric phosphates were discussed in a 
series of published articles. Also, a 
new method for producing nitrophos fer- 
tilizer was announced by Chemical Con- 
struction Corp. (Chemico). The engi- 
neering firm claimed that the new 
process, covered by a patent application, 
would produce highly effective fertilizer 
for less money than is now being spent 
on comparable products. 

A new stabilized nickel-chromium- 
molybdenum-copper alloy was developed 
which may solve the serious scale forma- 
tion and corrosion problems that have 
always beset phosphoric acid producers 
and users. The addition of 2 percent 
niobium stabilized the new alloy which 
was named Hastelloy alloy G. The alloy 
was still being tested but a report on 
research studies to date was published.” 


20 Oil, Paint and Drug Reporter. Phosphate 
Rock Deal: Soviets to Supply UK. V. 191, No. 
6, February 1967, pp. 4, 44. 

21 Bucci, Philip A. Evaluation of a Hydro- 
Pneumatic Froth Flotation Cell in Recovery 
of Coarse Florida Phosphate. Soc. Min. Eng. 
AIME, Preprint. No. 66B324, 1966, 20 pp. 

22 Wasselle, L. A., E. F. Lasseter, and 
R. A. Brosh. Pure Phosphoric Acid From 


Hydrochloric or Sulfuric  Acidulated Rock— 
I. M. I. Process. Soc, of Min, Eng., AIME, 
Preprint No. 66321, 1966, 28 pp. 


23 Chemical Week. Wet-Acid Purifier. V. 99, 
No. 11, Sept. 10, 1966, pp. 62, 66. 

24 Chemical Engineering. New Processes 
Boost Ammonium Phosphate Stature. V. 73, 
No. 26, Dec. 19, 1966, p. 58. 

25 Slack A. V. It's Time To Consider Nitric 
Phosphates. Part 1.— Background and History. 
Farm Chem., v. 130, No. 4, April 1967, pp. 
28-30, 32, 34; Part 2.— Process Technology. No. 
5, May 1967, pp. 24, 26, 28, 29, 62-64; Part 
3.—Economic Considerations. No. 6, June 
1967 pp. 124-132, Part 4.—Agrcnomic Con- 
siderations. No. 7, July 1967, pp. 30-44. 

26 Leonard, R. B. Bidding to Balk Corrosion 
in Phos-Acid Concentration. Chem. Eng., v. 
74, No. 12, June 5, 1967, pp. 158-162. 
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Dental scientists discovered that the 
use of sodium phosphate as a tooth decay 
preventative showed great promise. A 
study was made on 500 children; half 
of them ate regular sugar-coated cereal; 
the other half ate  phosphate-coated 
cereal. The results showed a 20- to 40- 
percent reduction in tooth decay in the 
group given the phosphate. Good results 
were also claimed for phosphate chew- 
ing gum. Neither of these products was 
produced for marketing in 1967. 

The Bureau of Mines study of the 
Western phosphate industry was com- 
pleted, and the last three reports of a 
series of five were published. The 
Bureau of Mines published progress re- 
port on the results of mining tests made 
using a pneumatic vibrating-blade planer 
on the phosphate bed of the Douglas 
mine near Drummond, Mont.” These 
tests showed that it was not economical 
to use the planer for mining ore at the 
Douglas mine. They further indicated 
that a competent bed with a hardness 
of 3 to 4 on the Mohs’ scale could not 
be mined economically with a planer. 
Planer mining however was feasible 
where the bed was fractured enough that 
a 4-inch-deep cut could be consistently 
maintained. 

Studies were conducted by the Bureau 
of Mines to develop a commercial process 
for beneficiating Western phosphorite, 
chiefly intermediate- and marginal-grade 
ores from deposits in Southeast Idaho. 
The process developed included the pro- 
duction of a coarse concentrate by attri- 
tion scrubbing and sizing, desliming, 
flotation to recover phosphate values from 
intermediate sizes, roasting the combined 
concentrates to remove organic carbon 
and combined water, and sulfur dioxide 
leaching to remove magnesium and non- 
apatitic calcite. Results of  pilot-plant 
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tests conducted on different ore types 
showed that about 80 percent of the 
available phosphate was recoverable at a 
grade suitable for phosphoric acid pro- 
duction. A paper describing the research 
and results obtained was presented at the 
Society of Mining Engineers fall meeting 
at Tampa, Fla.“ 

New or improved beneficiation tech- 
niques for producing electric furnace 
phosphorus concentrates from low-grade 
Tennessee brown phosphate rock was the 
objective of phosphate research at the 
Bureau of Mines, Tuscaloosa Metallurgy 
Research Center, Tuscaloosa, Ala. The 
major phase of the flotation study was 
directed at the rejection of iron and 
aluminum oxides in the ore in order to 
produce a phosphate rock concentrate 
suitable either for converting to wet- 
process acid or for blending with low- 
grade ore to produce a furnace-grade 
feed. Flotation studies were made also in 
an effort to improve recovery of the 
phosphate values lost in the washer slime 
fraction. Preliminary results indicated 
that improved recovery was obtainable. 


27 Service, A. L. An Evaluation of the West- 


ern Phosphate Industry and Ita Resources (in 
Five Parts). Pt. 3. Idaho. BuMines Rept. of 
Inv. 6801, 1966, 201 pp. 

Coffman, J. S., and A. L. Service. An Eval- 
uation of the Western Phosphate Industry 
and Its Resources (in Five Parts) Pt. 4. 
Wyoming and Utah. BuMines Rept. of Inv. 
6934, 1967, 158 pp. 

Service, A. L., and N. S. Petersen. An 
Evaluation of the Western Phosphate In- 
dustry and Its Resources (in Five Parts) 
Pt. 5. Trends and Outlook. BuMines Rept. of 
Inv. 6935, 1967, 131 pp. 

28 Anderson, Webster S. Test Operation of a 
Pneumatic Vibrating-Blade Planer. A  Prog- 
ress Report on Phosphate Mining Research. 
BuMines Rept. of Inv. 6863, 1966, 16 pp. 

29 Rule, Albert, R., and W. A. Stickney. 
Improved Processing Techniques for Phosphate 
Recovery, Presented at Soc. Min. Eng. Fall 
Meeting and Exhibition, Tampa, Fla., Oct. 15, 
1966, 16 pp. (Unpublished.) Available for 
inspection at Division of Mineral Studies, 
Bureau of Mines, Department of the Interior 
Washington, D.C. 


Platinum- Group Metals 


By R. A. Heindl 


Supplies of platinum and most of the 
other metals of the platinum group were 
insufficient to meet demand. Compared 
with 1966, supplies were down approxi- 
mately 500,000 troy ounces net imports 
were 205,000 ounces less and there were 
no Government sales compared with sales 
of 316,000 ounces in 1966. Commercial 
sales of platinum-group metals to do- 
mestic consumers during 1967 were down 


20 percent. Such sales, however, were 13 
percent higher than in 1965. Most of the 
decline below 1966 shipments was ac- 
counted for by decreased shipments of 
palladium; shipments of platinum were 
also somewhat lower. This decrease prob- 
ably was due in large part to the decline 
in palladium imports from U.S.S.R. and 
the continued low level of platinum im- 
ports from this source. 


Table 1.—Salient platinum-group metals statistics 


(Troy ounces) 


1963 
United States: 
Mine production !................ 49 , 750 
IIe. 88 $2 , 442, 840 
Refinery productions 
New metall 80,208 
Secondary metall 117,099 
Exports (except manufactures) ____- 63 ,012 
Imports for consumption. ......... 1,003,608 
Stocks Dec. 31: Refiner, importer, 
dealer... lee nm ee 699,575 
Consumption 1,003,194 
World: Droduetion .------------------ 2,038,805 


1964 1965 1966 1967 
40,487 35,026 51,423 16,365 
$2,395,877 $2,041,102 $3,106,993 $1,428,863 
71,090 61,723 73 ,615 29,663 
120,147 108,525 103,321 365,799 
146,306 103,097 206,456 219,602 
882,705 1,172,643 71,352,256 1,219,298 
767,264 926,373 1,129,604 869,211 
1,117,680 1,186,701 1,675,795 1,334,296 
2,545,764 2,968,890 3,089,449 3,154,434 


r Revised. 


1 From crude platinum placers and byproduct platinum-group metals recovered largely from domestic gold 


and copper ores. 


Demand continued at a high level and 
as a result yearend stocks at refineries, 
importers, and dealers were lower than at 
yearend 1966. 

The supply-demand imbalance was 
further aggravated by the prolonged 
strike in the copper industry. This strike 
sharply curtailed domestic output of by- 
product platinum metals, with the result 
that production was down 68 percent to 
16,000 troy ounces. 

Legislation and Government Programs. 
—Ruthenium was the only metal of the 
platinum group sold from the Government 
stockpiles during the year. Invitations to 
bid on 4,200 troy ounces of ruthenium 
sponge were issued by the General Serv- 


ices Administration (GSA) on September 
7. Awards totaling 1,600 ounces were an- 
nounced September 28 at prices ranging 
from $38.00 to $41.25 per ounce. 

A November 16 offering of 2,500 
ounces of ruthenium resulted in no ac- 
ceptable bids, according to GSA. It was 


then stated that offers would be consid- 
ered for up to 2,500 ounces of the metal 
on a negotiated basis. 

A bill to allow disposal of the 115,000 
ounces of platinum was passed by the 
House on December 14, but no Senate 
action had been taken by yearend. 


1 Commodity specialist, Division of Mineral 
Studies. 
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The Office of Emergency Planning 
Stockpile Procurement Directive for fiscal 
year 1968, issued November 9, 1967, pro- 
vided for the exchange of excess materials 
for 249,948 troy ounces of palladium and 
the upgrading of up to 300 ounces of 
iridium and up to 10,000 ounces of pal- 
ladium. 
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On August 31 a contract was entered 
into providing for the acquisition of 
200,000 ounces of palladium for delivery 
by June 30, 1968. Payment for this ma- 
terial was being made in other excess 
stockpile materials. Deliveries under the 
contract as of December 31 totaled 
104,856 ounces. 


Table 2.—Government inventory of platinum-group metals, December 31, 1967 


(Troy ounces) 


Metal National 

stockpile 

Iridiufi ee . ee ew bee 1 13,937 
Palladium 2 200,822 
Platinum..._._... occu ecco 8 3 400,038 
Rutheniuuůuu l 22 


1 Excludes 184 ounces nonstockpile grade. 
2 Excludes 6,394 ounces nonstockpile grade. 
3 Excludes 36 ounces nonstockpile grade. 


Objective 
Supplemental — 
stockpile Conventional Nuclear 
war war 

e 17,000 3,100 
747, 680 1,300,000 630,000 
49,999 335,000 235,500 
1195111 q aS aS 


DOMESTIC PRODUCTION 


As a result of the closure of copper re- 
fineries for nearly half the year because 
of labor strikes, domestic production of 
platinum-group metals was 16,365 troy 
ounces, only 32 percent of the previous 
year’s production. However, despite the 
strike, byproduct platinum metals from 
copper and gold refiners provided the 
major part of U.S. mine production. 
Placer mines in Alaska contributed sub- 
stantially to domestic production and a 
small quantity was produced from Cali- 
fornia placers. 

Toll refining of platinum metals in- 
creased 15 percent in 1967 to a total of 
2,014,111 ounces, 1,849,059 ounces or 91 
percent from used material and the re- 


maining 165,052 ounces from virgin ma- 
terial. With the exception of osmium, all 
metals showed an increase in the amount 
refined on toll. Toll refined platinum in- 
creased 21 percent to 1,221,098 ounces. 
Palladium refined on toll increased 8 per- 
cent to 708,966 ounces and rhodium was 
up 15 percent to 69,120 ounces. The 
quantities of iridium, osmium, and ru- 
thenium toll refined in 1967 amounted to 
7,/03, 608, and 6,616 ounces, respectively. 

A sharp increase in the recovery of sec- 
ondary metals reported by domestic re- 
finers was attributed partly to expanded 
coverage of the industry, and partly to 
decreased supplies of primary metal and 
higher market prices. 
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Table 3.—New platinum-group metals recovered by refiners in the United States by sources 


(Troy ounces) 


Year and source Plati- Falla- Irid- Os- Rho- Ruthe- Total 
num dium ium mium dium nium 
Kr EE 40,290 82,799 2,270 a 3,421 1,239 80,208 
J) 8 30,539 27,301 3, 981 6, 274 2. 480 71, „090 
11%’, 86 25, 247 26,839 2,628 1, 199 4, 858 1,452 61,728 
1966: 
From domestic sources: 
Crude platinum; gold and copper 
FORMING ol neo ci ere a d. 18,103 29,907 1,513 219 2,361 558 52,661 
From foreign crude platinum 11,945 1,460 2,466 1,314 3,289 480 20,954 
rr ³·¹w0. 30,048 31,367 3,979 1,533 5,650 1,038 73, 615 
1967: 
From domestic sources: 
Crude platinum; gold and copper 
TT a et es 6,786 8,142 754 151 57 11 15,851 
From foreign crude platinum 13,560 D Battie vainas 132 A 18,812 
/ ͥ W 20,298 8,262 754 151 189 11 29,668 


Table 4.—Secondary platinum-group metals recovered in the United States 


(Troy ounces) 


Year Platinum Palladium Iridium Osmium Rhodium Ruthe- Total 
nium 
1963 A de 54,084 59,993 440 273 1,990 319 117,099 
1964... et a a sie 66,043 49,879 764 928 2,338 195 120,147 
1965 125: e Sus ana 53,562 50,025 960 763 2,590 625 108,525 
1966... mr 8 49, 563 50, 009 402 728 2, 434 185 103,321 
193) 8 126, 377 215, 162 7, 748 2, 877 11, 505 2, 630 365, 799 


1 Increase over prior years due in part to expanded coverage of the industry. 


CONSUMPTION AND USES 


Consumption of platinum-group metals, 
as indicated by sales to consuming indus- 
tries, was down 20 percent from the 1966 
total. Consumption of platinum was down 
8 percent, of palladium down 30 percent, 
and of rhodium down 21 percent. Iridium 
and ruthenium consumption increased 10 
and 26 percent, respectively Osmium con- 
sumption was essentially unchanged. 


The major consuming industries for 
platinum and palladium were the same in 


1966 and 1967. In both years 87 percent 
of the platinum shipments went to the 


petroleum, chemical, electrical, and glass 
industries, in the order listed. Also in 
both years 92 percent of the palladium 
went, in descending order, to the electri- 
cal, chemical, and dental and medical in- 
dustries. 

In 1967, 33 percent of the total plati- 
num-group metals consumed went to the 
electrical industry, 28 percent to the 
chemical industry, and 19 percent to the 
petroleum industry. This pattern was not 
significantly different from the 1966 pat- 
tern. 
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Table 5.—Platinum-group metals sold to consuming industries in the United States 


(Troy ounces) 


Year and industry Platinum Palla- Iridium Osmium Rho-  Ruthe- Total 
dium dium nium 

9G EE 424,344 526,527 9,832 1,056 37,068 4,367 1,003,194 
KT DEE 451,350 591,482 9,652 1,379 55,426 8,441 1,117,680 
I988.- A sc ne 411,435 717,085 9,554 1,684 38,910 8,083 1,186,701 

1966: 
Chemical !!!. ere 191,429 221,559 3,746 1,483 14,210 3,048 435,475 
Petroleum- --------------------- 201,955 28,760 1,251 ...... 517 202 232 ,685 
ETE E l... te a os 90,556 1,011 l^ unius 394,491 ...... 126,059 
Electrical- -2-22a 117,156 531,545 1,722 22 ,216 1,147 660 , 808 
Dental and medical............. 24,296 67,102 832 252 335 1,336 94,158 
Jewelry and decorative --- 40,549 32,215 2,628 ...... 9,100 433 84,925 
Miscellaneous 24,846 12,020 813 79 1,819 2,118 41,690 
Ke EE 690,787 894,212 10,993 1,836 69,688 8,279 1,675,795 

1967: 
Chemical- -2-2-2222 159,384 192,011 4,610 823 17,770 4,984 379, 582 
Petroleum 245, 560 3, 506 514 39 21 249, 998 
TEEN 45,150 301 128 __ 9 11,281 8 56, 868 
Electrical.. -2 -2-2-2222 99,686 324,684 2,528 1 11,736 1,479 440,114 
Dental and medical.............. 24,630 56,085 195 871 77 815 82,173 
Jewelry and decorative_.____.___- 33,342 18,676 2,685 ...... 8,775 1,419 64,897 
Miscellaneous..................- 26,112 25,878 1,426 128 4,916 2,204 60,664 
ff AAA 633,864 621,141 12,086 1,823 54,952 10,430 1,384,296 


Table 6.—Refiner, importer, and dealer stocks of platinum-group metals in the 
United States, December 31 


(Troy ounces) 


Year Platinum Palladium Iridium Osmium Rhodium Ruthenium Total 
OG WEE 320.601 815,756 18,907 1,581 32, 900 9, 880 699, 575 
1964 ENEE 378 , 896 517,691 20,022 1,936 38, 388 10,331 767, 264 
1499p 88 422, 804 427, 450 18,374 1,502 44,531 11,712 926,373 
1966________ 8 459,669 574,651 20,5677 2,559 57,737 14,311 1,129, 604 
1967__.____._. - ⁵³ 327,919 460, 624 17,410 2, 802 47,275 13,181 869,211 
PRICES 
Prices of the platinum-group metals to $37 to $39 on January 9 and was un- 


during 1967 reflected the short supplies 
that persisted throughout the year. While 
the producers! price for platinum showed 
a small increase during the year, dealers' 
prices were up sharply. 

At the start of the year the producers' 
price for platinum was $100 per troy 
ounce. Effective January 24 the price was 
increased to $109 to $112 and was un- 
changed until December when sales were 
made at prices to $125 per ounce. Dealers' 
prices, which started the year at $157 to 
$160 per ounce, began to increase in 
May, and by the year's end were $225 
to $230 per ounce. The producers! price 
for palladium, which was $35 to $37 per 
ounce effective October 3, 1966, increased 


changed the remainder of the year. The 
dealers’ price for palladium started the 
year at $38 to $39 per ounce and by the 
end of the year was $41 to $42. The price 
of rhodium, $197 to $200, as quoted by 
the producers, increased in January, 
March, and again in December when it 
reached the yearend price of $245 to $250 
per ounce. The producers’ price for ir- 
idium, which was $180 at the beginning 
of the year, was increased to $185 to 
$190 on March 20 and was unchanged 
at the year’s end. The producers’ prices 
for ruthenium, $55 to $60 per ounce, and 
for osmium, nominally $300 to $450 per 
ounce, were unchanged throughout the 
year. 
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FOREIGN TRADE 


The quantity of platinum exported in 
1967 was 58 percent greater than that of 
1966 and 120 percent greater than such 
exports in 1965. Recipients of major 
quantities were West Germany, 31 per- 
cent, and United Kingdom, 27 percent. 
Slightly more than 10 percent each went 
to Japan and Italy. Comparing 1967 fig- 
ures with those of 1966 showed sharp 
increases in exports of platinum to Can- 
ada, France, West Germany, Italy, and 
Japan. Declines occurred in exports to 
Belgium-Luxembourg and Brazil. 

Exports of palladium and other metals 
of the platinum group (excluding plati- 
num) showed a small increase from the 
high level of the previous year, thus ap- 
parently confirming the trend toward 
higher exports of these metals. During the 
4 years prior to 1966 these exports ranged 
from 10,000 to 30,000 troy ounces. In 
1966 exports jumped to 103,000 ounces 
and then to 118,000 ounces in 1967. 

Exports of palladium and other plati- 
num-group metals (excluding platinum) 
to Canada, West Germany, Italy, Japan, 
Mexico, and Switzerland increased over 
those of the previous year while exports 
to the Netherlands and Sweden declined. 

U.S. imports of platinum-group metals 
during 1967 decreased 10 percent or 
131,000 troy ounces from the previous 
year, with declines in imports of unrefined 
material, palladium, and rhodium. Im- 


ports of platinum were up 18 percent and 
ruthenium imports were up from 10,000 
ounces to more than 56,000 ounces. Im- 
ports of unrefined primary material from 
the United Kingdom were down sharply, 
but the increase in platinum imports from 
the same source more than offset the de- 
cline. Platinum imports from the U.S.S.R. 
continued to decline and were down to 
2,053 ounces from 7,676 ounces in 1966. 
Palladium imports from the U.S.S.R., de- 
clined to 189,000 ounces from 438,000 
ounces in 1966. Canada and the United 
Kingdom were the only suppliers of ru- 
thenium in 1967, the first supplying 
slightly more than 50 percent of the total. 

The balance of trade improved for 
both platinum and palladium and other 
platinum-group metals in 1967, although 
again far more of each was imported than 
was exported. Exports of platinum as ore 
and crude metal increased over 50 per- 
cent to 161,585 troy ounces, whereas a 
large rise in imports of refined platinum 
from the United Kingdom left total im- 
ports double the amount exported. Ex- 
ports of palladium and other platinum- 
group metals (as metal and alloys 
including scrap) increased only slightly, 
but the sharp decline in imports of refined 
palladium from the U.S.S.R. reduced the 
import-export ratio from over 9:1 to 
about 7:1. 
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Table 7.—U.S. exports of platinum-group metals, by countries 


Platinum (ore, con- Palladium, rhodium, Platinum 
centrates, ingots, bars, iridium, osmiridium, group 
sheets, wire, sponge, ruthenium, and os- manufac- 


and other forms, mium (metal and tures, 
Year and destination including scrap) alloys including scrap) Som 
— jew 
Troy Value Troy Value (value 
ounces (thou- ounces (thou- thou- 
sands) sands) sands) 
RENE ee RC A Se 72,925 $9,838 80,172 $8,758 $2,515 
1966: 
%/»oõÜ⁵Ü—Ü8ù Z Ds eer es. »A visit cele 376 6 42 
Belgium- Luxembourg 6, 575 729 8,463 146 646 
e BEE 2,218 434 4 di. ee 
ër TEE 8,928 435 8,078 262 2,084 
Eeer 4 2 
Seer ³ð-àĩ 181 20. ccu ) 8 42 
France o ; ½ .. 8 6, 810 809 3,498 884 337 
Germany, Wess 21,222 2,670 25, 988 2,184 46 
Hong Kong. 345 I27 52e ler () 
Indi... om ducit lo rnt mta te EE 15 4 14 8 80 
daper hc ioc ee A nc e c ati 10 2 52 D acia 
))!!%ͤö;—.!¼ũ x ¾ . ¼¼vk y 8 2, 646 356 8,580 463 e 
ET EE 8,144 2,401 16,199 1,480 186 
Mexico- EES 855 83 2,153 200 98 
Netherlands EE 8,321 996 14,229 1,065 113 
Philippines 12 „„ 2 
South Africa, Republic of! 45 1 19 
RE EE 261 5 19,036 2 27 
Switzerland___.._._._..._-.....-__ -___-_ 22r - 118 70 2,695 219 3 
United Kingdom 39,552 4,225 1,669 197 97 
Venezuela. locu LAU e d UE A eho 66 11 729 10 9 
BA 704 26 1,186 61 59 
d Nd WEEN 102,031 13,414 103, 425 6,711 3,794 
1967: 
Argentina__________ US ee eee eee eke 555 65 50 Be eee 
Australa- Ee 5 1 1,906 76 58 
Belgium- Luxembourg 3,027 211 4,093 159 26 
Ü; ñ . late ek Be Ds 362 26 1, 653 103 5 
e fae ee See SS a Las usu 6,087 623 4,799 248 1,563 
lh es K d LIE 252 23 2 
Te TEEN 20 795 17 87 
PRN edessa ne aan A 8 11,907 1,420 3,626 375 51 
Germany, West 49,824 6,582 33,0380 8,598 94 
Hong Koons we oss 711 117 3 8 
Indii EE 4 232 33 
(EE 16,408 1,819 16,019 874 (1) 
6500 ͥ WW 17, 646 2, 832 19, 600 1,451 191 
TT u: oL 88 1,059 88 5,962 226 72 
Netherlands 9,023 1,054 13, 139 1, 682 56 
Philippines 8 1 186 6 8 
South Africa, Republic of ˖ PP 50 1 15 
c Seeds 30 (1) 24 (1) 18 
Switzerland. 197 22 7,064 346 15 
United KingdowupPuu1᷑᷑ii 44,189 4,338 4,067 456 73 
Venezuela______ eh os aaa uie 24 (!) 8 
G ⅛⁰ͤõbéwꝛ: · AA; aa EE 251 19 1,614 71 29 
(Otel Ee 161,585 19,248 118,017 9,728 2,9178 


1 Less than 3 unit. 


Table 8.—U.S. imports for consumption of 
platinum-group metals 


Year Troy ounces Value 
(thousands) 
19655. 1, 172, 643 $68,953 
1966. ......... r 1,352,256 83,481 
1961... 1,219,298 85,240 
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Table 9.—U.S. imports for consumption of platinum-group metals (unmanufactured), 
by countries 1 


(Troy ounces) 


Unre- 
fined Refined metals 
material 
Year and country — h Total 
Primary Plati- Palla- Irid- Rho- Ruthe- 
num dium ium dium nium 
1966: 

Argentinae. 1... -- C ĩ˙²ä ͥͥͥͥͥͥͥ0ͥ—ͥ¹ͥ¹¹wwmAA . LA LM pz 729 
CJ//½!!!!.!!!.!.!!.!..ü 8 64 272 
Belgium- Luxembourg 37 1,003 WEBB. Luce. (T Rr ue 522 
anada. 2... ee 69 1,779 180,684 3,410 22,200 4,800 2163, 884 
Colombia... ond recoil 16,147 639 2.2 y 2, wawas 17,780 
Lions... Tt SEENEN 860 
PONG tee EE. 8 OF ous 688 3,227 
Germany, West 498 1,304 797,766 525 3,020 547 2 103, 816 
G ð Zu ĩðâv ĩͤ K ĩ 222 8 mullum. Beclecs. diceres 1.860 
Ireldnd. ͥÜrðꝛ! ]˙˖0 ũ comes. Jedes )))/;ͤõ õyĩ²⁵W y Pro det 26 
LEE 1825 MCN REL CEDE 3 825 
J＋7öÜöÜ ⁵ ß D E OR 1,188 
Eeer Eves. ` Dee 198. ees "eer “)'! 138 
Netherlands. 999 12,668 198 `... 18 , 882 
ö; ³ AA SSS 8,350 8,175 5:150 Luc. A Z25245 11,675 
a TT a e ee %%% ³ ¹AAGCGͥͥͤ uod M tede. Ead rof 854 
South Africa, Republic of... ..... ...... ....... 222-2- naana 160 ...... 160 
Sweden.......--. c coc c o er E 321 ....... 970 ...... 414 `... 1,705 
533 ee 6,45 4,633 115,924 :....— 8 127,015 
171717100000. ae HC PUER 4,479 7,676 488,292 ...... 18,012 ...... 468,459 
United Kingdo wm 52,770 250,280 98,808 4,226 21,105 4,817 2432, 189 

Total: 
Troy oun ces 86,700 273,333 r 902,376 8,161 65,861 10,164 1 1,352,256 
Value (thousands) .. . $9. 498 $31,741 $28,010 $1,180 $11,984 $385 $83 , 481 

1967: 

Australian „) sassa ee ois 12838 128 
Belgium- Luxembourg 1,172 1,190 sccsca audis o 2,902 
gs. 9 5, 526 155, 312 5,600 14,812 28,800 21210, 963 
Golombig .----0----------- 24,987 0d“ ` deieren sate 27 , 767 
(Nd VI EE 8. ⅛ dans Saskes 8,862 
Germany, Wee... 3,019 18,359 200 825 ...... ? 22,008 
a eae e MM RA MN LL aU. ZID. 2m. nsi utar "El edt 275 
P %˙•e %% . Aces 641 
Netherlands 77 K 184,845 2,622 187, 467 
INOPWAY EE 5,170 1,275 I/ // besades thee unun 11,121 
Panama... 1,520 489 DT casuau. wees 8 , 106 
Switzerland..  ------ 6,929 35,100 ...... 50 uns. 42,079 
O EE NONE RUD DRE URS 1,585 2,053 189,329 ...... 15,029 ...... 207,996 
United Kingdom 7,100 299,246 143,772 2,984 14, 723 27,7638 2 499, 988 

Total: 
Troy ounces. ...........- 41,798 322,764 787,082 8,784 47,689 56,563 1,219,298 
Value (thousands) $5,195 $38,282 $27, 504 $1, 505 $10, 079 $2, 049 $85, 240 

r Revised. 


Certain items reported by the Bureau of the Census as "scrap" have been reclassified by the Bureau of 
Mines and included with “platinum refined metal" in this table. 

2 Includes in 1966: 4,902 ounces ($439,458) of osmiridium from United Kingdom and 8 ounces ($1,175) from 
Australia; and in 1967: United Kingdom 4,179 ounces ($457,942), Canada 118 ounces ($58,880), and in 1966, 
364 ounces ($151,553) of osmium from Canada, 231 ounces ($80,818) from United Kingdom; and 156 ounces 
257. Loch from West Germany; in 1967: United Kingdom 221 ounces ($72,125), West Germany 100 ounces 


($37,000). 
3 Toeludes 26 ounces of scrap, ($4,002) from Ireland and 825 ounces of scrap, ($82,124) from Italy. 


WORLD REVIEW 


World production of platinum-group 
metals in 1967 was approximately 4 per- 
cent larger than that of 1966. Evidently, 
however, apparent world demand con- 
tinued to exceed production as the sup- 
ply-demand imbalance continued to push 
world markets toward higher price levels 
for most platinum metals. 


On an individual country basis, the 
1967 data generally indicate little change 
from the previous year. The three major 
producers, U.S. S. R., Republic of South 
Africa, and Canada, recorded small in- 
creases. Production in the United States, 
reflecting the strike in the copper indus- 
try, was down 35,000 troy ounces. 
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South Africa, Republic of.— Union 
Corp“, Ltd., announced plans to open a 
new platinum mine on the Merensky Reef 
in the Bafonkeng tribal area 15 miles 
west of Rustenburg and 70 miles from 
Johannesburg. It was stated that produc- 
tion would begin in about 2 years. While 
initially some refining would be done 
overseas, the company plans to establish 
refining facilities in South Africa. 

Production is to start in late 1969 at a 
minimum rate of 100,000 ounces of plati- 
num per year, plus an estimated 50,000 
ounces of other platinum-group metals. 
Output at this rate will make Union 
Corp. the third largest platinum producer 
—after Rustenburg Platinum Mines, Ltd., 
and The International Nickel Co., Inc. 
Development of the property was expected 
to cost $40 million. 

Additional platinum supplies came in 
view when Rustenburg announced plans 
to increase further its annual production 
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to 850,000 ounces of platinum. The ex- 
pansion, which is to cost $50 million, will 
also increase the company’s annual capac- 
ity for other platinum- group metals to 
375,000 ounces. 

Prior expansion programs raised the 
mine and mill capacity to 600,000 ounces 
of platinum in 1967 and will further raise 
capacity to 750,000 ounces in late 1968. 
The latest announced expansion, to 
850,000 ounces annually, was to be com- 
pleted by the end of 1969. 

As a result of the series of expansions 
in production planned by Rustenburg 
Platinum Mines, Ltd., Johnson, Matthey 
& Co., Ltd., announced they would con- 
struct a $700,000 platinum refinery at 
Wadeville, near Johannesburg. The re- 
finery, scheduled to begin operation in 
1969, will treat residual slimes from 
Matte Smelters (Pty.) Ltd., which ex- 
tracts copper and nickel electrolytically 
from matte produced at Rustenburg’s 


Table 10.—World production of platinum-group metals 1 


(Troy ounces) 


Country 1963 1964 1965 1966 1967 » 
North America: ? 
Canada: 
Platinum and platinum-group 
metals. 20. cose 857,651 376,238 463,127 r 396,059 403, 270 
United States: 
Placer platinum and from do- 
mestie gold and copper 
en EE 49,750 40,487 35,026 51,432 16,365 
South America: ? 
Colombia: 
Placer platinum 22, 988 20 ,647 11,141 t NA NA 
* 
.S. S. R.: 
Placer platinum and from 
"T platinum-nickel-copper ores .. 71,300,000 1,500,000 1,700,000 71,800,000 1,900,000 
rica: 
Congo (Kinshasa): 
Palladium from refineries....... 3 .......... ..........  .........- NA 
Platinum from refiner ies JT. (86 NA 
Ethiopia: | 
Placer platinum e 180 e 180 358 r 318 NA 
South Africa, Republic of: 
Platinum-group metals from 
platinum ores 6. i 300,000 600,000 750,000 780,000 825,000 
Osmiridium from gold ores .... r 5,185 r 4,135 r 3, 820 r e 3, 400 e 3, 400 
Asia: 
Japan: 
Palladium from refineries __ 1,326 1,875 2,952 r 5,494 3,327 
Platinum from refineries........ 1,714 2,199 2,466 2,738 8,072 
Oceania: | 
e ß ML eee et eee r 13 NA 
New Guinea -2-2-2 ---------- 2 D. Ge cles NA 
rf uen See r 2,038, 805 72,545,764 72,968,890 73,039,449 3,154,484 


e Estimate. P Preliminary. * Revised. 


! Compiled mostly from data available May 1968. 


NA Not available. 


? U.S. imports include platinum from other Western Hemisphere countries which are not listed as producers. 


3 Sales. 
* Incomplete data. 
s Year ended June 30. 


€ Total is of listed figures only; no undisclosed data included. 
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smelter. Prior to construction of the new 
plant, South Africa's first platinum refin- 
ery, all slimes were being shipped to 
Johnson, Matthey’s plant in the United 
Kingdom where they are treated along 
with the Rustenburg gravity concentrates. 

Since its founding 150 years ago John- 
son, Matthey & Co., Ltd., has been a 
major factor in the platinum industry. 
The firm serves as importer, refiner, and 
exporter of the crude metal produced by 
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Rustenburg Platinum Mines, Ltd. The 
metal refinery is in the United Kingdom. 
In addition, production from Goodnews 
Bay, Alaska, is purchased by Johnson, 
Matthey and refined for them by its affil- 
iate Matthey Bishop, Inc. (formerly J. 
Bishop & Co. Platinum Works), Malvern, 
Pa. To commemorate this anniversary a 
full account of the growth of the company 
was prepared.” 


TECHNOLOGY 


Research continued at a high level on 
the properties and development of fuel 
cells for the direct conversion of chemical 
energy into electrical energy. Success was 
reported in developing high-activity plati- 
num electrocatalysts. The use of high-area 
platinum blacks and the use of carbon- 
supported platinum were both effective in 
reducing the amount of platinum required 
for a given amount of power from a direct 
hydrocarbon fuel cell.? 

Direct utilization in fuel cells of low- 
cost gases containing both hydrogen and 
carbon monoxide, requires an electrocata- 
lyst resistant to poisoning by the carbon 
monoxide. The three catalysts investi- 
gated, platinum-ruthenium, platinum-rho- 
dium, and platinum-iridium, showed ex- 
ceptional tolerance for carbon monoxide 
in hydrogen.* 

Platinum black is the most widely used 
catalyst for acid media oxidation of 
methanol in fuel cells. However, the use 
of electrodeposited platinum-rhenium cat- 
alysts shows an appreciable decrease in 
polarization under these conditions and 
reasonable current densities can be drawn 
at a potential of +0.3 to 0.4 volt to the 
hydrogen electrode.* 

The advantages of the platinum-group 
metals in fuel cells were described and 
methods of dispersing and supporting the 
metals in such cells were listed. It was 
predicted that if metal usage could be 
reduced to $10 worth of platinum per 
kilowatt of generating capacity and ample 
supplies of platinum are available a multi- 
tude of fuel cell systems based on noble 
metal catalysts can be expected.“ 

A review article summarized informa- 
tion on palladium from its occurrences 
through its utilization. The useful quali- 
ties of the metal as well as its limitations 
were described.’ 


Because platinum is available in high 
purity in substantial quantity, has a high 
melting point, and is relatively stable in 
air and other atmospheres (except hydro- 
gen), it is useful as a standard reference 
material. In addition, since the thermal 
conductivity of platinum is near the geo- 
metric mean for metals and alloys, the 
National Bureau of Standards (NBS) de- 
termined the thermal conductivity and 
electrical resistivity of the metal. It was 
concluded that before platinum can be 
established as a thermal conductivity ref- 
erence standard, additional measurements 
are indicated on samples of differing pur- 
ity.? 

Similar but broader studies were re- 
ported by the National Physical Labora- 


2 South African Mining and Engineering 
Journal (Johannesburg). An Anniversary Review 
of Johnson Matthey’s Role in the Economic 
History of Platinum. V. 78, pt. 1, No. 3864, 
Feb. 24, 1967, pp. 446-456. 

3 Cairns, E. J., and E. J. McInerney. High 
Activity Platinum Electrocatalysts for the Direct 
Anodic Oxidation of Saturated Hydrocarbons. 
J. Electrochem. Soc., v. 114, No. 10, October 
1967. pp. 980-985. 

4 Niedrach, L. W., D. W. McKee, J. Paynter, 
and I. F. Danzig. Electrocatalysts for Hydrogen/ 
Carbon Monoxide Fuel Cell Anodes. I. The 
Platinum-Ruthenium System. Electrochem. Tech., 
v. 5, Nos. 7-8, July-August 1967, pp. 818-328 ; 
II. The Platinum-Rhodium and Platinum-Iridium 
Systems. Electrochem. Tech., v. 5, Nos. 9-10, 
September-October 1967, pp. 419-423. : 

5 Biegler, T., and D. F. A. Koch. Adsorption 
and Oxidation of Methanol on a Platinum 
Electrode. J. Electrochem. Soc., v. 114, No. 9, 
September 1967, pp. 904-909. 

Cathro, K. J. The Use of Platinum-Rhenium 
Catalysts for the Oxidation of  Aqueous 
Methanol. Electrochem. Tech., v. 5, Nos. 9-10, 
September-October 1967, pp. 441-44D. 

$ Murphy, Daniel J. Platinum Metals in the 
Fuel Cell Metal Prog., v. 91, No. 8, March 
1967, pp. 156, 160-161. l 

7 Sanderson, L. Palladium—Its Occurrence, 
Recovery, Property and Uses. Canadian Min. J. 
(Ruber, Canada), v. 88, No. 5, May 1967, pp. 
70-71. 

8 Flynn, D. R., and M. E. O'Hagan. Measure- 
ments of the Thermal Conductivity and 
Electrical Resistivity of Platinum From 100 to 
900° C. J. Res. NBS, v. 71C, No. 4, October- 
December 1967, pp. 255-284. 
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tory of the United Kingdom. These in- 
vestigations, which included polycrystal- 
line samples of all the platinum-group 
metals and single crystals of ruthenium, 
also resulted in determination of the ther- 
mal conductivity and electrical resistivity.? 

Because the refining of the platinum- 
group metals is a complicated process, re- 
search has been undertaken to ascertain 
if advantages could result from the more 
extensive use of solvent extraction tech- 
niques to separate and purify the metals. 
A procedure was developed for purifying 
rhodium based on its extraction from di- 
lute hydrochloric acid by a complex sul- 
fonic acid in n-heptane. Separation of the 
element from iridium. platinum, palla- 
dium, and silver was essentially complete.“ 

New methods were described for apply- 
ing strong, thick protective coatings of 
platinum and palladium on refractory 
metals. Electrodeposits of the two metals 
in thicknesses ranging from 0.005 to 0.024 
inch were made on tungsten, molybdenum, 
and other refractory metals. By etching 
and cleaning the surface to be covered 
and then preplating with a thin coat of 
one metal before a thick coat of the other 
metal was applied, it was possible to 
achieve adherent crack-free coats.!! 

To take advantage of the high strength- 
to-weight ratio and strength at high tem- 
perature of graphite for use in frontal 
sections of manned-space reentry systems, 
a method was developed for coating 
graphite with iridium. The method in- 
volved deposition of the iridium by a 
plasma-spraying technique followed by an 
isostatic pressure compaction at elevated 
temperatures. The study, which demon- 


mestic consumption of 
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strated that the technique is acceptable 
for producing defect-free, uniform coat- 
ings of iridium with a good bond to the 
graphite, is part of a broader study of 
iridium coatings.!* 

A study sponsored by the American 
Petroleum Institute concluded that the 
cost of making gasoline with an in- 
creased aromatic and lower olefin con- 
tent would be more than 2 cents per gal- 
lon. Although such gasoline would de- 
crease air pollution because the need for 
lead antiknock compounds would be 
eliminated, it was stated that $4.25 bil- 
lion in new processing equipment would 
be required. Refiners would have to buy 
3.4 million troy ounces of platinum per 
year, approximately 5 times the total do- 
atinum.? 


9 Powell, R. W., . Tye, and Margaret J. 

Woodman. The Diet ‘Conductivity and Elec- 
trical Resistivity of Polycrystalline Metals of 
the Platinum Group and of Single Crystals of 
Ruthenium. J. Less-Common Metals (Amster- 
dam, T enertanda), v. 12, No. 1, January 1967, 
pp. 
10 Khan, M. Ali, and D. F. C. Morris. Applica- 
tion of Solvent Extraction to the Refining of 
Precious Metals. J. Less- Common Metals 
(Amsterdam, Netherlands), v. 18, No. 1, July 
1967, pp. 53-61. 

11 ‘Andrews, R. L., 8. D. Cramer, C. B. Kena- 
han, and D. Schlain (assigned to U.S. Depart- 
ment of the Interior). Method for Obtaining 
Thick Adherent Coatings of Platinum Metals on 
Vae d Metals. U.S. Pat. 3,309,292, Mar. 

Cramer, S. D., C. B. Kenahan, R. L. Andrews, 
and D. Schlain. Electrodeposition of Thick 
Coatings of Platinum and Palladium on Re- 
fractory Metals From Aqueous Electrolytes. Bu- 
Mines Rept. of Inv. 7016, 1967, 64 pp. 

12 Battelle Technical Review. Iridium Coat- 
ings for Graphite. V. 16, No. 5, May 1967, p. 


13 Chemical & Engineering News. Eliminating 
Lead Antiknock Compound From Gasoline Would 
ee Wie m .25 Billion. V. 45, No. 22, May 22, 
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Potash 


By Richard W. Lewis? 


The continued increase in world demand 
for fertilizers was reflected by increased 
production and sales of potash, one of the 
three major plant food elements. Produc- 
tion expansion, however, again exceeded 
world demand, resulting in an oversupply 
and a generally weak price structure. Fac- 


ing strong foreign competition, domestic 
producers began to curtail output. Domes- 
tic potash retained only 59 percent of the 
U.S. market, compared with 63 percent in 
1966, 67 percent in 1965, and over 90 per- 
cent in 1960. 


Table 1.—Salient potash statistics 


(Thousand short tons and thousand dollars) 


1963 1964 1965 1966 1967 
United States: 
Production of potassium salts, marketable 
quantity . - 4,871 4,954 5,401 5,701 5,649 
Approximate K»O equivalent do.... 2,864 2,897 8,140 8,320 3,299 
al So AL es eher $110,164 $114,095 $129,767 $122,210 $105,318 
Sales of potassium salts by producers 
quantity 4,587 5,201 5,027 5,377 5,963 
Approximate K:0 equivalent do.... 2,709 3,045 2,981 3,133 8,126 
Value at plant $103,828 $120,284 $121,161 $116,340 $100,566 
Average value per ton $22.64 $23.18 $24.10 $21.64 $18.75 
Imports for consumption of potash materials 
quantity 1,041 1,254 1,867 2,544 2,925 
. K: O equivalent do 59 737 1,108 1,491 1,706 
VEH $31,137 $85,797 $52,675 $71,821 $73,491 
Exports of potash materials quantity 1,04 1,0 1,05 1,1 
Approximate K: O equivalent do- 4 618 648 621 693 
EE $25,519 $87,586 $42,494 $88,159 $89,896 
Apparent consumption of potassium salts 1 
quantity 4, 906 5,407 5, 795 6, 868 7,118 
Approximate K: O equivalent do- 2, 878 3,164. 3,391 4,003 4,139 
World: Production, marketable: Approximate K: O 
equivalent. quantity 12, 500 13,500 15,200 16,000 16,900 


! Measured by sold or used plus imports minus exports. 


Legislation and Government Programs. 
—In July, two bills were introduced in the 
House of Representatives and referred to 
the Committee on Ways and Means, H.R. 
11740, a bill to provide an additional in- 
vestment tax credit for potash mining 
equipment, and H.R. 11741, a bill to 
amend the tariff schedules of the United 
States with respect to potassium chloride, 
changing its rate of duty from “free” to 
8 percent ad valorem. Neither of these bills 
was reported out of committee during the 
year. 

In October, S. 2551 and H.R. 13566, 
identical bills that proposed annual quotas 
on the quantity of potassium chloride or 


muriate of potash which may be imported 
into the United States,” were introduced 
in the Senate and the House of Represent- 
atives. Specifically, these bills stated: 
“That the total quantity of potassium chlo- 
ride which may be imported into the 
United States during the calendar year 
1968 or any subsequent calendar year shall 
not exceed the quantity equal to 25 per- 
centum of the estimated United States 
consumption of potassium chloride for 
such calendar year.” S. 2551 was referred 
to the Committee on Finance and H.R. 
13566 was referred to the Committee on 


1 Commodity specialist, Division of Mineral 


Studies. 
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Ways and means. No action was taken on 
these bills. 

Complaints were filed with the Treasury 
Department claiming that potash from 
Canada, West Germany, and France was 
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sold in the United States at “less than 
fair prices” and in violation of the Anti- 
Dumping Act of 1921. These cla‘ms were 
under investigation at yearend by the 
Treasury Department. 


DOMESTIC PRODUCTION 


Production of marketable potassium 
salts, potassium monoxide (K2O) equiva- 
lent, in 1967 was slightly less than in 1966, 
with New Mexico accounting for 87.4 per- 
cent of the total output. The calculated 
average grade of the crude potassium salts 
mined in New Mexico was 18.16 percent 
K;O, compared with 17.55 in 1966. 

The slight drop in domestic output was 
in part due to world potash production 
exceeding world demand for the second 
consecutive year; the gradual depletion of 
high-grade potash in the New Mexico de- 
posits; and the free entry of foreign potash 
into the United States. This curtailment 


of domestic production resulted in serious 
reductions in employment in the Carlsbad, 
N. Mex., district. During the first half of 
the year about 4,000 workers were em- 
ployed by the New Mexico potash pro- 
ducers. International Minerals & Chemical 
Corp. reduced its labor force by 400 on 
July 1, but rehired about 100 at a later 
date. Duval Corp. reduced its working 
force by 50 in September, suspending min- 
ing operations temporarily at one of its 
three mines in the area. United States 
Borax & Chemical Corp. ceased its mining 
operations on November 10, resulting in 
a layoff of about 850 workers. 


Table 2.—Production and sales of marketable potassium salts in the United States, 
in 1967, by product 


(Thousand short tons and thousand dollars) 


Production Sales 
Product 
Gross K:0 Value ! Gross Ka Value 
weight equivalent weight equivalent 
Muriate of potash, 60 percent K;O 
minimum: 
Standard. ----------------------- 2,342 1,428 $89,584 2,415 1,481 $40,818 
Coarse... ns 1,530 934 27,921 1,340 817 25,126 
Granula 935 567 17, 880 776 471 15, 556 
be fare A AE EE cep te 8 4,807 2,929 85,885 4,581 2, 769 81,495 
Other potassium salts ? 2 842 370 19,928 832 357 19,071 
Grand total 5,649 3,299 105,313 5,363 8,126 100,566 


1 Derived from reported value of Sold or used. 


? Figures for refined muriate and manure salts are included with potassium sulfate and potassium-magnesium 
sulfate to avoid disclosing individual company confidential data. 
3 Includes sulfate manufactured from captive production of muriate. 


American Potash & Chemical Corp. 
completed a new plant for producing a 
coarse grade of sulfate of potash at its 
Trona, Calif., facility. Shipments of prod- 
ucts from the new plant, which has an 
output capacity of 30,000 tons per year, 
started in April. In addition, the firm be- 
gan a $5 million project to provide more 
power facilities at Trona. The project was 
scheduled for completion by February 
1968. Late in the summer, a merger of the 
company into Kerr-McGee Corp. was re- 
portedly under consideration. The merger 


had not been completed by yearend. 

Potash Company of America made sev- 
eral technological improvements through- 
out its mine and plant in Carlsbad during 
1966, including a $1 million expansion in 
its chemical-grade muriate plant. In 1967, 
the proposed three-way merger with Ideal 
Cement Co. and American Crystal Sugar 
Co. ended in a two-way merger with 
Ideal. The parent company, renamed Ideal 
Basic Industries, Inc., was organized with 
two divisions: Potash Company of Amer- 
ica and Ideal Cement Co. 
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Table 3.—Production and sales of potassium salts in New Mexico 
(Thousand short tons and thousand dollars) 
Crude salts ! Marketable potassium salts 
Year Mine production Production Sales 
Gross Ka Gross K:0 Value 2 Gross K20 Value 
weight equivalent weight equivalent weight equivalent 
1986898 bos 16,414 3,083 4, 504 2,648 $100,458 4,213 2,484 $94,925 
1964 17,356 3,122 4,585 2,675 104,861 4,815 2,814 110,772 
1965... 2a 18,557 3,363 4,919 2,848 117,771 4,607 2,677 110,424 
1966............- 20,105 8,528 5,096 2,953 108,653 4,872 2,827 104,668 
19860 me 18,906 8,434 4,950 2,883 91,098 4,791 2,784 88, 788 


1 Sylvite and langbeinite. 
2 Derived from reported value of “Sold or used.” 


International Minerals & Chemical Corp. 
cut production at its Carlsbad, N. Mex., 
mine by about 50 percent on July 1. Later 
in the year, however, the firm started a 
$2 million project to install a newly devel- 
oped process which would economically 
recover both sylvite and langbeinite from 
mixed ore. Heretofore, this mixed ore could 
not be processed profitably because the 
recovery of one mineral resulted in the loss 
of the other. The firm’s production rate of 
about 400,000 tons per year was not ex- 
pected to increase when the new process 
becomes operational sometime in 1968. 

Texas Gulf Sulphur Co. (TGS) began 
construction of a new crystallizer system at 
its Cane Creek potash operation near 
Moab, Utah. Target date for completion 
was January 1968. The unit was designed 
to convert 175,000 tons per year of muri- 
ate fines, which are screened from the 
flotation product, into larger crystals and 
a premium product. TGS also was drilling 
a second shaft at its Cane Creek mine for 
use in hoisting men and supplies. It was 
expected to be in operation by yearend. 


Kaiser Chemicals Co., Bonneville divi- 
slon, was improving its potash brine opera- 
tion at Wendover, Utah. Completion of the 
new collection system and solar evapora- 
tion pan would require 2 years. 

Lithium Corporation of America, Inc., 
and Chemsalt, Inc., a wholly owned sub- 
sidiary of Salzdetfurth, A.G. of West Ger- 
Many, were proceeding with plans to build 
facilities at Great Salt Lake, Utah, to pro- 
duce potash, sodium sulfate, magnesium, 
and salt from the lake brine. 

Southwest Potash Division of American 
Metal Climax, Inc., tripled the prilling 
capacity for agricultural nitrate of potash 
at its Vicksburg, Miss., plant in 1966 and, 
in 1967, expanded production of the ni- 
trate by 25 percent at a cost of about 
$450,000. 

On January 1, 1966, a group of New 
Mexico investors formed the Carlsbad 
Potash Co., and were granted a 2-year 
option to purchase the potash mining prop- 
erty of United States Borax & Chemical 
Corp. near Carlsbad, N. Mex. At yearend 
1967 the option had not been exercised. 


CONSUMPTION AND USES 


The apparent consumption of potassium 
salts in the United States was 3.4 percent 
greater in 1967 than in 1966. The use of 
potassium salts in fertilizers accounted for 
94.5 percent of consumption. The re- 
mainder was consumed by a variety of 
chemical uses. 

Deliveries for agricultural use showed a 
gain of 3.4 percent whereas chemical de- 
liveries decreased 3.0 percent. The quan- 
tity of potash delivered in 1966 into New 


Mexico was revised downward to 7,248 
short tons, resulting in a revised U.S. total 
of 3,782,546 tons. Illinois remained the 
leading State for deliveries, followed in de- 
creasing order by Indiana, Iowa, and Min- 
nesota. Imported potash is included, but 
deliveries do not necessarily correspond to 
consumption because much of that de- 
livered is used in mixed fertilizers and 
resold. 
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Table 4.—Deliveries of potash salts in 1967, by States of destination 
(Short tons K: O equivalent) 


Destination Agricultural Chemical 
potash potash 

Alabama aK 107,128 24,722 
ASB Edegem “ub au tas 
Arizona 704 11 
Arkangag .----------- 55,109 563 
California 41,350 13,819 
Colorado 5, 728 153 
Connecticut. 4,089 408 

el aware 9,690 13,976 
District of Columbia..... 528 
Rlorida............ 192,207 915 
Georgia 226 , 090 921 
Hawaii 225200. iius ds 
Ms é 27 8 
Illinois. ................ 451,047 26,314 
Indiana. 318,254 4,818 
IWS8.-2 25 c nep 288,820 546 
Kansas 22, 180 1,151 
Kentuck/ꝛ7 66, 569 11,532 
Louisiana 36, 608 749 
Maine 15, 420 122 
Maryland. ............. 101,686 1,683 
Massachusetts 6, 502 
Michigan 110,112 2,254 
Minnesota... 280 , 552 392 
Mississippi 43,412 1 
Missoun. 159 , 946 1,578 


1 Includes company adjustments and shipping losses. 
Source: American Potash Institute, Washington, D.C. 


Destination Agricultural Chemical 
potash potash 
Montana 2, 243 40 
Nebraska. 21,901 829 
Nevada _. -------- T9 1,552 
New Hampshire......... 492 69 
New Jersey ............ - 23,057 2,479 
New Mexico 13,732 621 
New York.............- 50, 702 73, 476 
North Carolina 157,571 65 
North Dakota 8 Roe 2 aus 
Gios 88 268, 599 7,607 
Oklahoma 17,953 480 
Oregon.................- 11,271 1,127 
Pennsylvania 40, 565 4,942 
Rhode Islar d 1,580 432 
South Carolina 96, 680 75 
South Dakota. .......... 6,138 
Tennessee... ........... 89,389 _ ....... 
RT WEE 192,864 8,529 
lc uos DA 486 

Vermont 5,288  ......... 
Virginia.. -.--.---------- 137,669 560 
Washington............. 19,721 1,809 
West Virginia 1,260 12,617 
Wisconsin 180, 732 101 
Wyoming 34 

Total.. ` --.-..-- 8,909,978 224, 704 


STOCKS 


Stocks of potassium salts held by pro- 
ducers at yearend reached an alltime high 
of 863,000 short tons K: O equivalent, an 
increase of 25 percent over 1966 stocks. 
Some potash shipped into the United 
States from Canada during 1966 and 1967 
went into warehouse storage, but there 
was no record of the quantity. Stocks on 
hand at yearend included the material 
sold for delivery during the 1968 spring 
planting season. 


Year 


Table 5.—Stocks of potassium salts in the 


United States 
(Thousand short tons) 


Stocks, Dec. 31 


Number of Gross K:0 
producers weight equivalent 


ee 10 762 478 
— 10 519 295 
€ 12 892 504 
eats 12 1,215 690 
M 12 1,501 863 
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equivalent. 
PRICES 


Bulk prices for muriate of potash were 
weak throughout the year and in July de- 
clined to a low of 26 cents per unit for the 
standard grade on contracts made before 
July 1, 1967. Prices of all grades also were 
reduced. Even chemical grade was selling 
at $5 per ton less in July than at the be- 
ginning of the year. On contracts made 
after June 30, 1967, producers increased 
prices by 2 cents per unit. An additional 
$6 per short ton was charged by most com- 
panies for muriate shipped in 100-pound 
bags. All producers reserved the right to 


adjust prices to meet delivery prices of 
competitors. 

New prices were established for im- 
ported West German and Spanish potash. 
Standard and semicoarse muriate of potash 
was priced at 52 cents per unit K:O on a 
l-year contract, 51 cents on a 2-year con- 
tract, 50 cents on a 3-year contract, and 
49 cents per unit K:O on a 4-year con- 
tract. Sulfate price per unit-ton, f.o.b. cars 
was quoted at 85 cents. These prices re- 
flected a change in the method of pricing 
which relieved the buyer of the wharfage 
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and handling expenses by pricing f. o. b. 
cars instead of ex vessel. 


Table 6.—Bulk prices for New Mexico 


potash ! 
(Cents per unit K:0) 
1967 1968 
Product 
June- Oct.- Jan-  Feb.- 
Sept. Dec. uary May 
Muriate, 60 percent 
Ka minimum: 
Standard 26 28 28 30 
Coars e 29.5 31 31 33. 5 
Granular...... 32.5 84.5 34.5 36.5 
Sulfate of potash, 
standard 70 75 75 80 
Manure salts, 20 per- 
cent minimum. 17.65 17.65 17.65 17.65 


1 Carlots, f.o.b. Carlsbad on contracts made prior 
to July 1, 1967. Not quoted by all producers. 
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Table 7.—Bulk prices for California potash ! 


(Cents per unit Ka 
1967 1968 
Product June- Oct.- Jan- Feb.- 
Sept. Dec. uary May 
Muriate, 60 percent K:O 
minimum: 
Standard. ......... 40 39 39 42 
Coarse............ 45 47 47 49 
Sulfate, 52 percent K.O 
minimum 80 85 85 90 


1 Quoted by American Potash & Chemical Corp., 
carlots, f.o.b. Trona, Calif., on contracts made prior 
to July 1, 1967. Price list published June 1, 1967. 


FOREIGN TRADE 


The total quantity of potassium salts 
exported increased nearly 12 percent; how- 
ever, the value was less than 5 percent 
above that of 1966. Two years of world- 
wide oversupply of potash resulted in 
sharp bidding for world markets by the 
major exporting nations: Canada, West 


Grmany, France, and the United States. 

Of the total potassium muriate imported, 
Canada supplied 84 percent. Imports of 
muriate from Canada, over 2 million tons, 
were 13 percent above the quantity re- 
ceived in 1966. 


Table 8.—U.S. exports of potash materials, by countries 


Destination 


Argentina. ...............-- 


Australia 


Belgium-Luxembourg . 


IBPOZ EE 


New Zealand. --- 
Pakistan. -2-222222 


r EE 
South Africa, Republic of 
Sweden 


Viet Nam, South. 
Other countries 


Chemical 
1966 


Value 
(thou- 
sands) 
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1967 


Value 
(thou- 
sands) 
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WORLD REVIEW 


Australia.—Texada Mines Pty., Ltd., 
conducted research on the feasibility of re- 
covering potassium chloride and common 
salt from the brines of Lake McLeod near 
Carnarvon, Western Australia. The firm 
expected to establish a 200,000-ton-per- 
year potash recovery plant if the studies 
indicate its commercial feasibility. 

Brazil.—A project to mine and process 
potassium salt reserves near Carmópolis 
was approved in 1966 by the Brazilian 
Government. The formation of a 5,000- 
million-cruzeiro semi-state corporation to 
develop the reserve, estimated 11 million 
tons, was proposed. The new corporation, 
Fertilizantes do Brasil, S. A., would be 
based at Aracaja. No new developments 
were reported in 1967. 

Canada.—Potash  producton in  Sas- 
katchewan increased by 22 percent in 
1967, making Canada a major producer 
and on a par with the large European 
producers. International Minerals & Chem- 
ical Corp. (Canada) Ltd., Potash Com- 
pany of America, and Kalium Chemicals, 
Ltd., were the only producers in 1967. 
Six other companies, however, were de- 
veloping their properties with all expect- 
ing to be in production by 1971. 

Allan Potash Mines, Ltd., owned by 
United States Borax & Chemical Corp., 
Homestake Mining Co., and Swift & Co., 
made excellent progress in developing its 
mine and refinery facilities, 35 miles 


southeast of Saskatoon, Saskatchewan. In 
1966, progress was delayed in shaft No. 1 
owing to flooding, but shaft No. 2 reached 
potash in July. The company expected 
production to begin in the spring of 1968 
with a full production rate of 1.5 million 
tons of product per year by early 1969. 
Alwinsal Potash of Canada, Ltd., a 
joint project of the French Government- 
controlled Mines Domaniales de Potasse 
d'Alsace and two West German potash 
producers, Wintershall A. G. and Salzdet- 
furth A. G., struck the main potash bed 
with its 18-foot shaft. A refining plant that 
will have a rated capacity of 1.0 million 
tons was under construction. Production 
was expected to start early in 1968. 
Cominco Ltd., a Canadian firm, con- 
tinued sinking two shafts simultaneously 
to its potash deposit at Vade, Saskatche- 
wan. This development project was re- 
portedly about 1 year ahead of schedule 
and was expected to be in production 
early in 1969. The rated capacity of the 
facility was given at 1.2 million tons of 
product per year. The firm reportedly 
completed an agreement with the Amet- 
alco Group to handle the sales of its prod- 
ucts in world markets, specifically in Aus- 
tralia, New Zealand, Europe, Africa, and 
Latin America. The Ametalco Group is a 
worldwide sales organization with prin- 
cipal offices in New York and London. 


Table 11.—World production of marketable potash, by countries 


(Short tons, K:O equivalent) 


Country 1963 1964 1965 1966 1967 » 
North America: 
anada. ------------------------ 626 , 860 858,851 1,491,301 71,990,040 2,482,984 
United States 2,864,000 2,897,000 3,140,000 3,320,000 3, 299, 000 
Adele America: "Chile (nitrate e 0, 540 4,881 15,650 16 ,200 16,000 
urope: 
f yt Sun ZT Tu ku 1,897,661 1,991,390 2,080, 794 71,964,418 1,962,332 
Germany 
f us SI ee et 2,034,000 2,046,990 2,123,049 r2,211,234 2, 400, 000 
WN CB oc x 2,147,300 2,426,184 2,628,722 2, 525,392 2, 500, 000 
CI! ⁵ uA an nire r 180,779 r 210,541 r 265,657 ° r 287,703 e 276,000 
SDAIN EE r 331,165 r 379,918 r 474,643 r 522,225 515,881 
8.8. R. JJ ͤ ( Sed ci es mas 2,260,000 2,425,000 2,590,000 2,800,000 3,040,000 
Asia: Israel r 124, 561 81,640 e 341, 700 10, 100 * 419,000 
RR KEE "12,486,866 13, 531,890 r15,151,516 * 16,047,312 16,861,197 
e Estimate. P Preliminary. r Revised. 


1 Year ended March 31 of year following that stated. 
2 Total is of listed figures only ; no undisclosed data included. 


POTASH 


Noranda Mines Ltd. was making excel- 
lent progress in sinking two 16-foot-diame- 
ter shafts on its property about 23 miles 
southwest of Saskatoon, Saskatchewan. The 
operation, which has a designed capacity 
of 1.2 million tons of product annually, 
was scheduled to start producing late in 
1969. 

Duval Corp., about 7 miles west of Sas- 
katoon, was engaged in sinking twin 16- 
foot-diameter shafts to its ore body about 
3,900 feet below the surface. The facility 
has a rated capacity of 1 million tons of 
product annually and is scheduled for 
completion in 1969. 


The sixth company engaged in develop- 
ing its property, Sylvite of Canada, al- 
lotted two contracts, one to AMC-Harrison 
Ltd. for sinking twin shafts on its property 
at Rocanville in southeast Saskatchewan, 
and the other to Wellman-Lord Inc. on a 
turnkey basis, to design, construct, and 
equip the refinery and other above-ground 
facilities. Preparations for shaft sinking 
were underway at yearend. The facil' ty, 
which was scheduled for operation in 1971, 
was to be designed to produce 1 million 
tons of product per year and to be capable 
of an expansion to 2 million tons. 

International Minerals & Chemical Corp. 
completed its K—2 mine and refinery at 
Esterhazy, 6 miles from the KI mine, and 
started production. The facilitys output 
capacity was rated at 1.5 million tons of 
product per year. 

Potash Company of America began sink- 
ing a second shaft to its deposit near 
Saskatoon, early in the year. The new 
shaft was designed with a hoisting capa- 
city of 3 million tons of product annually. 
Construction of additional surface facil- 
ities to handle the increased capacity (the 
present capacity being only 700,000 tons) 
was to be considered at a later date, based 
on market conditions. The new shaft is 
expected to cost about $12 million and 
take 4 years to complete. 


Plans were made by Kalium Chemicals 
Ltd. to increase output capacity by 50 per- 
cent. The expansion is to cost over $10 
million and includes process modifications 
as well as additions to the facilities. A 
construction contract was awarded, but no 
completion date was announced. 


Two additional companies having potash 
property in Saskatchewan, Potasse Pre- 
miére Corp. and Southwest Potash Corp., 
a division of American Metal Climax, Inc., 
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were seriously considering development 
projects, but no definite starting dates were 
announced. 


Representatives from Hungary and pot- 
ash mining experts from East Germany 
examined the potash leases held by Great 
Canadian Potash Corp., a company that is 
50 percent owned by The Goldfield Corp. 
(New York). It was reported that if these 
representatives were satisfied with their 
findings they would sink two shafts and 
construct surface facilities to produce 1! 
million tons of product per year.“ The fi- 
nancing was to be made available through 
Swiss banking facilities. 


Lynbar Mining Corp., with potash hold- 
ings about 65 miles north of Regina, Sas- 
katchewan, signed agreements with a 
Polish Government trade agency whereby 
pilot plant tests on the property would be 
under the supervision of Polish technicians. 
Under the agreement, if the technicians 
are satisfied with the tests, the Polish cor- 
poration would design and build a 1-m'l- 
lion-ton-per-year mine and plant. Prepara- 
tions for pilot plant studies were being 
completed, and the plant was scheduled 
to be running early in 1968.? 


Congo (Brazzaville).—Compagnie des 
Potasses du Congo, owned by a French 
syndicate and the Congolese Government, 
continued planning for an $82 million 
potash dvelopment at Saint-Paul. Finan- 
cial credits were being established through 
a $9 million loan from the European In- 
vestment Bank and a $30 million credit 
from the World Bank. The proposed fa- 
cility, which should produce 500,000 tons 
of product per year, was scheduled to start 
production in 1969. 


France.—It was reported in September 
that Mines Domaniales de Potasse d’Al- 
sace, the State-owned potash mines, and 
Office National Industriel de P'Azote, the 
nitrogen production agency, were re- 
grouped into a new company, I' Enterprise 
Miniere et Chimique. The new unit was 
to control 20 percent of French fertilizer 
production of potash, nitrate, and derived 
products.“ 

Germany, East.— The East German 
State Corporation, Vereinigung Votksei- 


2 Northern Miner (Toronto, Canada). Euro- 
pean Interests Examine Possibility of Potash 
Facility. No. 31, Oct. 12, 1967, pp. 1, 12. i 

3 Northern Miner (Toronto, Canada). Polish 
Agencies Propose Finance Lynbar’s Potash. 
No. 32, Nov. 2, 1967, pp. 1, 16. 

4 Bureau of Mines. Mineral Trade Notes. V. 
64, No. 12, December 1967, pp. 14-15. 
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gener Betriebe Kali, was engaged in sev- 
eral major expansion projects to raise pro- 
duction by 1.5 million short tons by 1970. 
One of the major projects was an expan- 
sion of VVB Kaliéwerke Zielitz, which will 
become the largest single potash plant in 
Europe.* 

Israel.—The Dead Sea Works continued 
its efforts toward increasing potash output 
capacity to 1.2 million tons by 1970. On 
May 2, the Ministerial Economic Commit- 
tee approved the formation of a giant 
chemical combine which brought together 


six major companies: Dead Sea Works, 


Ltd., Israel Petrochemicals, Chemicals and 
Phosphates Ltd., Haifa Refineries Ltd., 
Haifa Chemicals, and Arad Chemicals.® 
Morocco.—An agreement was signed in 
1966 with Interexport of Belgrade, Yugo- 
slavia, and Centrozap of Warsaw, Poland, 
for the development of a carnallite potash 
deposit at Khemisset, 50 miles east of 
Rabat. In an area of about 115 square 
miles, the known reserves were estimated 
at 200 million tons of carnallite at depths 
of 1,600 to 2,600 feet.’ In 1967, the United 
Nations Technical Assistance Bureau also 
was assisting in this development, placing 
a geologist at the disposal of the Moroccan 
Agency Bureau de Recherches et de Partic- 


ipations Minières to advise Moroccan 
technicians in surveying the carnallite 
deposits. 
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Spain.—The Spanish Industry Ministry 
approved the Potasas de Navarra S.A. plan 
for a new plant to treat 7,000 tons of 
carnallite and 1,000 tons of sylvinite daily. 
This expansion project was scheduled for 
completion in the summer of 1969. The 
present annual potash output of 240,000 
tons will be increased to nearly 500,000 
tons. 

U.S.S.R.—Potash production at the 
Soligorsk deposits was scheduled to total 
6.6 million tons K O by 1970. The first 
plant, in operation since 1964, has an an- 
nual capacity of 2 million tons. A second 
plant was in partial operation, and event- 
ual capacity was expected to be 2.2 mil- 
lion tons. A third was under construction 
which, when completed bv 1970, will add 
another 2.4 million tons K:O capacity.“ 

United Kingdom.—Imperial Chemical 
Industries, Ltd., and a holding company, 
Charter Consolidated, Ltd., were report- 
edly planning to finance a $70 million pot- 
ash mining operation in Yorkshire. This 
would be the first major development of 
potash reserves in the United Kingdom. 
Output capacities between 850,000 and 
1.25 million tons annually were mentioned. 
No construction schedule was announced. 
Rio Tinto-Zinc Corp. and Armour Chem- 
ical Industries Ltd. also were interested in 
the Yorkshire potash area. 


TECHNOLOGY 


Pipeline transportation of potash from 
the mines in Saskatchewan to Vancouver, 
British Columbia and to Chicago was en- 
visioned several years ago and considerable 
research was conducted. In 1967, a study 
of transportation of solids by pipeline was 
undertaken in a joint Federal and Province 
of Alberta program. The project involved 
the construction of a 3,500-foot pilot pipe- 
line, 4 inches in diameter, to carry 100- 
foot-long capsule trains" made up of solid 
material. In addition to the movement of 
potash by pipelines, other solids such as 
coal, sulfur, and possibly wheat were being 
considered. 

The U. S. Bureau of Mines metallurgy 
research program included studies on pot- 
ash ore processing. In July 1967, research 
was started at the Bureau's Tuscaloosa, 
Ala., laboratory on the development of a 
new flotation process for the economic re- 
covery of potassium minerals from high 


clay and complex ores of the Permian 
Basin of New Mexico. Functional research 
was conducted on heavy-liquid sink-float 
processing of industrial minerals which in- 
cluded potash. A paper on heavy-liquid 
cyclone concentration of New Mexico ores 
was published.“ A new process was devel- 
oped by the Bureau's Salt Lake City, 
Utah Metallurgy Research Center, to pro- 
duce potassium salts from complex brines 
employing ion exchange metathesis tech- 
niques. 


5 Mining Journal (London). V. 267, No. 6850, 


Dec. 2, 1966, pp. 422-423. 

6 Phosphorus and Potassium (London). Israel. 
No. 29, May-June 1967, p. 44. 

7T Engineering and Mining Journal. V. 167, No. 
8, August 1966, p. 150. . 

8 Chemical Age (London). Huge Potassium 
Fertiliser Project in USSR. V. 97, No. 2500, 
June 10, 1967, p. 20. I 

9 Tippin, R. B., and J. S. Browning. Heavy 
Liquid Cyclone Concentration of New Mexico 
Potash Ores. Trans. AIME, v. 235, 1966, pp. 
360—366. 


Pumice 


By Timothy C. May 


Domestic pumice and pumiceous mate- 
rials sold and used by producers in 1967 
increased 7 percent in quantity and de- 
creased 24 percent in value from that in 
1966. Larger sales of lower quality mate- 
rial resulted in the decline in value. 


Domestic consumption patterns remained 
relatively unchanged from those of the 
previous year. However, the usage de- 
clined for concrete admixture and rail- 
road ballast, because of the drop in ac- 
tivity for these consuming industries. 


DOMESTIC PRODUCTION 


Pumice production was reported by 15 
States and American Samoa in 1967. Out- 
put came from 129 companies, including 
railroads, individuals, highway  depart- 
ments, and Government agencies at a total 
of 152 operations. Production by States 
was as follows: 


Volcanic cinder was produced in 11 
States with Arizona providing 38 percent 
of total production, and California, Ore- 
gon, Hawaii, and New Mexico accounted 
for an additional 58 percent. 


1 Commodity specialist, Division of Mineral 
Studies. 


Number Percentage Number Percentage 
State of of U.S. State of of U.S. 
mines production mines productions 
Arizona. 11 31 New Mexico. ............ 18 6 
California 42 25 Oregon 32 24 
Hawaii... oes: 22 8 Other States 20 3 
Nevada 7 3 —TA 
Total; icem 152 100 


Table 1.—Pumice sold or used by producers in the United States 1 


(Thousand short tons and thousand dollars) 


* Pumice and pumicite Volcanic cinder Total 
ear — — — — — 
Quantity Value Quantity Value Quantity Value 
1968-2 21 22 A AAA 8 1,050 $3,321 1,568 $3,257 2,618 $6,578 
DOG WEE 1,165 ; 1,611 2,349 2,776 6,443 
ENEE Bee ER 483 2,442 2,888 4,108 3,371 6,550 
J 55 aa ean N E ees 549 2,629 2,669 4,136 3,218 6,765 
PER ud ñññ d EU Rar 776 1,446 2,670 3,685 9,446 5,131 


1 Values 1968-66 f.o.b. mine and/or grinding plant; values 1967 f. o. b. mine. 


987 


988 MINERALS YEARBOOK, 1967 


3500 
3,000 
„ 2,500 
c 
2 
O 
a 
€ 2,000 l 
2 | 
o l 
£ | 
= | 
u. 
: | 
= 1,500 | 
a. I 
a 
I 
Á 
P 
1,000 TN \ 
Camm Railroad 7 
Wa X V Wei 
900 1 Gë 
— Road construction ; 
Ge iy 
ther uses 
ren ⁄ 
` ` 
` 
O 
1950 1955 1960 1965 1970 


Figure 1.—Pumice sold or used by producers in the United States, by uses. 


PUMICE 


Table 2.—Pumice sold 1 or used by producers in the United States 2 


(Thousand short tons and thousand dollars) 


1966 1967 
State — —— 
Quan- Value Quan- Value 
tity tity 

Arizona 1,108 $1,674 1,064 8904 
California 580 1,763 866 1,357 
Colorado 46 104 18 105 
Hawaii.. 374 716 290 56 
Idaho 55 107 
Montana 22 D- dune. nien 
Nevada 55 190 105 236 
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1966 1967 
State — — — — 
Quan- Value Quan- Value 

tity tity 
New Mexico 245 $787 220 $639 
Oregon 714 1,256 834 1,195 
Other States 3. 24 163 49 132 
Total. 3,218 6,765 3,446 45,131 
American Samoa 17 22 28 24 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.“ 


1 Includes pumicite and volcanic cinder. 


? Values 1966 f.o.b. mine and/or grinding plant; values 1967 f.o.b. mine. 
* Idaho, Kansas, Nebraska, Oklahoma, Texas, Utah, Washington, and Wyoming. 
* Data do not add to total shown because of independent rounding. 


Table 3.—Pumice ! sold or used by producers in the United States, by uses? 


(Thousand short tons and thousand dollars) 


Use 


Abrasive: Cleaning and scouring compounds 
Concrete admixture and concrete aggregates_________-_ 
Railroad ballast... .... 22222222222 22-2 lll lll. lr 
Road construction 32____ 2222222222222 222.2 -- 
Other uses 4.__ ge m Aa . ee e 


! Includes pami and volcanic cinder. 
2 Values 1 , 
š Includes servicing, ice control, and maintenance. 


EE 1,098 2,967 833 1,761 
iile Sie 140 639 412 355 
ec 1,277 1,605 2,049 2,236 
usc Desa E 3 1,312 138 124 
——Ó 3,218 6,765 3,446 55,131 


66 f.o.b. mine and/or grinding plant; values 1967 f.o.b. mine. 


* Includes abrasive uses (miscellaneous), acoustic plaster, asphalt, fertilizer, filler, filtration, glass, in- 
secticides, landscaping, roofing aggregate, and miscellaneous uses. 
5 Data do not add to total shown because of independent rounding. 


CONSUMPTION AND USES 


Road construction required 60 percent 
of the domestic output of pumice com- 
pared with 40 percent in 1966. Concrete 
admixture accounted for 24 percent of con- 
sumption compared with 34 percent in 
1966. The decline in consumption of 
pumice for concrete admixture was caused 


by the reduction of activity in the con- 
struction industry. Railroad ballast used 11 
percent of production compared with 23 
percent in 1966. The remaining 15 per- 
cent was used in cleaning and scouring, 
landscaping, paint, and other miscellaneous 
uses. 


PRICES 


Nominal price quotations, covering 
domestic and imported pumice, were car- 
ried regularly in trade publications, and 
have remained unchanged since 1964. In 
1967, The Oil, Paint and Drug Reporter 
quoted the following average prices, per 
pound, bagged, in ton lots: Domestic, fine 
and coarse, $0.0430; domestic, medium 
$0.0480; imported (Italian), silk-screened, 


coarse, $0.0675; imported (Italian), fine, 
$0.0450 to $0.0475. Imported (Italian) 
sundried, coarse and fine, was quoted at 
$75 to $79 per ton. 

Metals Week quoted prices of pumice for 
1967, f.o.b. New York or Chicago, in bar- 
rels, powdered $0.0350 to $0.0600 per 
pound, and lump, $0.0600 to $0.0800 per 
pound, the same as for 1966. 
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The average value of crude pumice sold 
or used in 1967 was $1.13 per ton, or 
$0.10 less per ton than in 1966, and the 
average for prepared pumice was $2.19, 
compared with $2.87 in 1966. The 
weighted average for the two categories 


FOREIGN 


Exports of pumice and pumicite in 1967 
totaled 343 tons valued at $64,000, an in- 
crease of 15 percent in quantity and a de- 
crease of 3 percent in value over that of 
1966. Canada received 74 percent of the 
material exported; the remainder went to 
Mexico, Japan, Dominican Republic, and 
7 other countries. 


All categories of pumice imports showed 
significant decreases in both quantity and 
value. Total material imported for con- 
sumption was equal to 7 percent of the 
quantity of domestic pumice reported sold 
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was $1.49, compared with $2.10 in 1966. 

The average price per ton of pumice, for 
use as concrete aggregate and admixture, 
was $2.11; for road construction, $1.09; for 


railroad ballast, $0.86; and for abrasive 
uses, $18.30. 


TRADE 


or used. Italy and Greece were the major 
sources of imports. 

Tariff.—At the end of 1967, all tariffs 
applicable to pumice were reduced by 
Presidential Proclamation. The duty per 
pound on imported pumice was reduced 
to the following: Crude pumice valued at 
$15 per ton and under, $0.038; crude 
pumice valued at over $15 per ton, $0.07; 
millstones, abrasive wheels, and abrasive 
articles, not specifically provided for, 12!/ 
percent ad volorem. Pumice stone to be 
used in the manufacture of concrete 
masonry products continued to be im- 
ported duty free. 


Table 4.—U.S. imports for consumption of pumice, by countries 


Crude or unmanufactured Wholly or partly manufactured 


1966 1967 1966 1967 
Country — ä —— ———ĩ—— — — — — ——-——>-——— Cn 
Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- 
sands) sands) sands) sands) 
Tr Su a s 9,202 $88 5,650 $48 4,310 $163 2,083 $76 
GA ͤ 191 52 J). 8 
Toer! e e ie 9,393 91 5,702 49 4,310 163 2,083 76 
Pumice ! Manufactured n.s.p.f. 
1966 1967 1966 1967 
Short Value Short Value alue alue 
tons (thou- tons (thou- (thousands) (thousands) 
sands) sands) 
Greece 137, 456 $258 125,554 Il Sen. idles yates areas 
Italy... See 8 131,536 302 111,736 231 $9 $9 
Olli 88 36 (2) 900 2 16 13 
rr osha 269,028 560 238,190 504 25 22 


! To be used in manufacturing concrete masonry products. 
? Legs than 14 unit. 


Country 2 


Argentina 3___ 2 ------------- 8 
Austria: Trass . 
Cape Verde Islands: Pozzolan 
Chile: Pozzolan.............-. 
France: 


Greece: 


1858 Arab Republic ° 5. 
United States (sold or used by 
producers): 
Pumice and pumicite...... 
Volcanic cinder- .......... 


Total? EE 


e Estimate. P Preliminary. 
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WORLD PRODUCTION 


Table 5.— World production of pumice by countries ! 


142,002 


849 
601, 488 
7,043 , 761 


r 111,858 
262, 764 
r 13,800 


722,917 


1,050, 178 
1,567,825 


r 16,668,422 


r Revised. 


(Short tons) 


1964 


155, , 885 
1,010 
645,547 
6,416,547 
r 252,500 
r 845,745 
r 11,000 


679,206 


r 14,000 


1,165,379 
1,611,093 


r 16,231,590 


1965 1966 1967 » 
r 7,158 8,90 NA 
22,516 23 , 238 24,950 
4,562 e 4,400 3,100 
156, 094 160, 291 147, 905 
780 r 888 NA 
782, 136 r 740, 370 NA 
5,617,372 5,941,686 » 5,300,000 
e 220 ,000 e r 330, 000 e 390,000 
e r 440,000 of 390, 000 e 550,000 
e 11,000 e 11. 000 e 11,000 
508,729 r 582,258 NA 
r 391,972 NA NA 
4,265,113 r 4,197,750 NA 
1,145 874 134 
120, 807 20, 204 NA 
r 62,099 NA NA 
ID 100. cen NA 
484,047 548 , 433 776 , 388 
2,888,006 62,685,324 62,697,913 
r 15,998,636 : 15,645,616 9,901,390 


NA Not available. 
1 Compiled mostly from data available June 1968. 


2 Pumice is also produced in Japan, Mexico, and U.S.S.R. (sizable quantity), but data on production are 
not available. Japan’s last available output figure was 120,000 tons in 1958. 


š Includes volcanic ash and cinders, and pozzolan. 


1 In 1963 and 1964, Spain produced pumice in the Canary Islands only. Production in continental Spain 


began in 1965. 


5 Estimated on basis of 1 cubic meter = 1, 300 pounds. 


6 Includes American Samoa. 


1 Totals are of listed figures only, no undisclosed data included. 
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Rare-Earth Minerals and Metals 


By John G. Parker’ 


The apparent domestic industrial con- 
sumption of rare-earth and yttrium com- 
pounds and concentrates, expressed as 
rare-earth oxide (REO), was about 85 
percent that of 1966, the highest year 
on record. A large quantity of REO, in 
materials excess to those needed for a 
conventional war emergency, was author- 
ized for disposal from the national stock- 
pile. Requirements for high-purity yt- 
trium and europium oxides in color 
television tubes decreased substantially. 


Legislation and Government Pro- 
grams.—At yearend the General Services 
Administration (GSA) held a total of 
15,788 tons of equivalent rare-earth 
oxides (REO) in various forms in the 
strategic and supplemental stockpiles. The 
strategic stockpile held 9,975 and the 


supplemental, 5,813 tons. Of the 12,788 
tons excess to that needed for a conven- 
tional warfare emergency, 7,640 tons of 
REO in rare-earth materials was author- 
ized for disposal by H.R. 5787 signed by 
the President on November 22. The 
customary 6-month waiting period was 
waived. On December 21, successful bids 
by two companies led to sales of 319 
short tons equivalent REO, mostly in the 
form of rare-earth sodium sulfate. Of 
the additional stockpile materials cur- 
rently authorized for disposal, rare-earth 
sodium sulfate constituted almost 62 per- 
cent and bastnaesite the remainder. 

In 1966, over 84,000 pounds of excess 
yttrium-bearing material consisting of 
yttrium metal, alloys, oxide, fluoride, and 


concentrate was sold to four companies by 
GSA. 


DOMESTIC PRODUCTION 


Concentrate.—Output at the mine and 
mill at Mountain Pass, Calif., owned by 
Molybdenum Corporation of America, in- 
creased slightly during 1967 to 25.5 mil- 
lion pounds REO in bastnaesite con- 
centrates compared with 25.2 million 
pounds the previous year. A new mill 
had been completed in May 1966 and its 
capacity had been expanded to 50 mil- 
lion pounds REO in December of that 
year. 

In Folkston, Charlton County, Ga., 
Humphreys Mining Co. processed alluvial 
deposits on E. I. du Pont de Nemours & 


Co., Inc., property, thereby recovering 
substantial byproduct monazite with 
titanium and zirconium mineral con- 
centrate. Also, near Jacksonville, Fla., 


Carpco Research and Engineering, Inc., 
under contract with Titanium Alloy Man- 
ufacturing Division of National Lead Co., 
reclaimed monazite and a small quantity 
of xenotime from former beach sand 
processing residues. The Climax Molyb- 


denum Co. mine at Climax, Colo., re- 
covered monazite-wolframite concentrate 
from molybdenum mine tailings and sold 
low-grade monazite concentrate for 
further upgrading. Metal Traders, Inc., 
New York City, sold the last of low-grade 
yttrium oxide concentrate which had been 
produced from former GSA residues by 
Colorado School of Mines Research 
Foundation, Inc., Golden, Colo. Late in 
1966, Michigan Chemical Corp., a sub- 
sidiary of Chicago and Northwestern 
Railway Co., with a rare-earth processing 
plant in St. Louis, Mich., bought the 
Porter Brothers Corp. mining and con- 
centrating operation in Bear Valley, 
Idaho, thereby assuring itself of a long 
term rare-earth and yttrium raw mate- 
rial source. 


Compounds and Metals.—Production of 
europium oxide at Mountain Pass dropped 


1 Commodity specialist, Division of Mineral 
Studies. 
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to 9,000 pounds compared with 11,400 
pounds in 1966. The decrease in produc- 
tion and sales was attributed to accumula- 
tion of excessive inventories of color 
television phosphors and to improved 
efficiency in applying phosphors to picture 
tubes. Company shipments of rare-earth 
and yttrium materials for phosphors drop- 
ped but those for petroleum cracking 
catalysts increased from 6.9 percent to 
14.5 percent of the total sales of $10.2 
million, 2 percent greater than 1966 sales. 
Also at Mountain Pass, cerium hydrate, 
lanthanum hydrate, and lanthanum car- 
bonate production circuits were installed 
in the chemical plant. In December, after 
Molybdenum Corp. had acquired full 
control of Yttrium Corporation of Amer- 
ica by buying the minority interest held 
by The Pyrites Co., Inc., the subsidiary 
was merged into the parent corporation. 
The Yttrium Corp. plant at Louviers, 
Colo., continued using solvent extraction 
to produce high-purity yttrium oxide, and 
production began in the fall on rare-earth 
materials such as high-purity neodymium 
and praseodymium oxides.’ 

Other chemical firms processing large 
quantities of rare-earth and yttrium con- 
centrates to compounds included Ameri- 
can Potash & Chemical Corp., Rare Earth 
Division, West Chicago, Ill.; and W. R. 
Grace & Co., Davison Chemical Division, 
Chattanooga, Tenn., and Pompton Plains, 
N. J. The Pompton Plains plant made 
principally rare-earth polishing powders. 
Besides Yttrium Corp., yttrium oxide 
producers included American Potash, W. 
R. Grace, Michigan Chemical Corp., and 
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Research Chemicals, Division of Nuclear 
Corporation of America, Phoenix, Ariz. 
Small producers of rare-earth compounds 
were Atomergic Chemetals Co., Division 
of Gallard-Schlesinger Chemical Manu- 
facturing Corp., Carle Place, N. Y., which 
made some yttrium oxide, and Transelco, 
Inc., Penn Yan, N. Y., which specialized 
in making low-cost cerium oxide for 
polishing compounds. Rare-earth bearing 
silicon compounds, for use as metal addi- 
tives, were produced by Molybdenum 
Corporation of America, Washington, Pa., 
and by Union Carbide Corp., Alloy, W. 
Va. Production at Alloy was about 26 
percent that of the previous year. 

The two companies which produced 
misch metal were Ronson Metals Corp., 
Newark, N. J., and American Metallur- 
gical Products Co., Inc., New Castle, Pa. 
Misch metal sales were about 5 percent 
greater than those of 1966 and 20 per- 
cent greater than those of 1965. Producers 
of higher purity rare-earth metals in- 
cluded American Potash, Gallard-Schle- 
singer, Michigan Chemical, Ronson, and 
Lunex Co., Pleasant Valley, Iowa. Lunex 
produced about 119 pounds of high-purity 
metals on contract, of which about 31 
percent was yttrium, 20 percent was 
lanthanum, 18 percent was gadolinium, 
and 10 percent was erbium. These metals 
were said to be destined for research and 
development. 

Stockholders near yearend 1967 voted 
a merger between American Potash & 
Chemical Corp. and Kerr-McGee Corp., 
with American Potash to become a sub- 
sidiary of Kerr-McGee. 


CONSUMPTION AND USES 


The apparent domestic industrial con- 
sumption of rare-earth and yttrium com- 
pounds and concentrates, based largely 
on shipments from chemical processors, 
dropped 15 percent to about 4,850 tons 
of rare-earth oxide equivalent valued at 
about $15 million. This was compared 
with a weight of 5,740 tons and value of 
nearly $21 million in 1966. In addition to 
domestic sales, a considerable quantity of 
concentrate was shipped abroad. Com- 
parative percentage figures for domestic 
shipments of europium and yttrium oxides, 
by weight and value, were as follows: 
1967, 1 percent and 50 percent, and 1966, 
about 2 percent and almost 70 percent. 
Based on value, 1967 industrial consump- 


tion of other rare-earth compounds con- 
sisted of about 17 percent in glass, 
usually as polishing powders, and some 
in ceramics and glazes; 10 percent in 
petroleum catalysts; 5 percent in steel 
and alloy production and in the making 
of misch metal and lighter flints; 5 per- 
cent in carbon arc production; 5 percent 
in electronics; and 8 percent in other 
applications. 

In terms of oxide equivalent, use of 
oxides constituted 35 percent of the total; 
chlorides, 29 percent; hydrates, 11 per- 
cent: fluorides, 6 percent, and bastnaesite 
and lanthanum concentrates, and rare- 


2 Molybdenum Corporation of America. 1967 
Annual Report. Mar. 15, 1968, 8 pp. 
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earth oxalate, chlorate, nitrate, carbonate, 
and silicide the remainder. 


Nearly 10,000 pounds of high-purity 
metal valued at about $235,000 re- 
portedly was sold but about nine-tenths 
of this was too low in value to be of the 
highest purity. The low unit value of an 
additional 30,000 pounds of metal in- 
dicated that it was probably an alloy such 
as misch metal. 

The use of yttrium and europium oxides 
in color television phosphors is well 
established. Combinations of these in 
several compounds provide a superior red 
color. For instance, at least one company 
was said to use an yttrium oxysulfide, and 
it is known that others use an yttrium 
orthovanadate, both compounds being 
doped with europium. Terbium is being 
tried in a green phosphor but the merits 
have not been fully established. Some 
firms said that blue and green phosphors 
employing rare-earth materials do not 
have energy efficiencies equal to those 
of conventional phosphors. A glass filter 
plate, containing neodymium oxide, 
laminated onto the viewing surface of 
color television tubes, was said to improve 
the brightness and contrast and to pro- 
duce more saturated red, green, and blue 
colors. Recently developed fluorescent 
lamps coated with phosphors containing 
europium and yttrium oxides were stated 
to have higher light output and better 
color balance. Also, industrial mercury 
vapor lamps are improved by the combi- 
nation of dysprosium with mercury and 
argon gas in the inner arc tube. 

Yttrium iron garnet was said to have 
become the most widely used ferrite 
material in microwave applications. It 1s 
available in polycrystalline and, more 
recently, in single crystal forms weighing 
as much as one-half pound. Polycrystalline 
garnets can be operated in low magnetic 
fields in the lower microwave frequencies 
and have a low susceptibility to tempera- 
ture changes, particularly when the 
yttrium is partly replaced with gadolin- 
ium. Single crystals have been used as 
insulating .magnetic material in lasers, 
light modulators, and ultrasonic devices. 
Yttrium aluminum garnets (YAGS) 
doped with neodymium oxide were used 
in a sun-pumped laser capable of carrying 
television modulation. Hydrogen-free 
solvents, containing rare-earth oxides such 
as neodymia in solution, were believed to 
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be at least as efficient as some of the 
crystalline lasers and have the advantage 
that the liquid can be cooled by circula- 
tion. Neodymium glass lasers showed 
promise in microwelding applications. 
Most of the misch metal produced was 
used in producing ferrocerium lighter 
flints, alloyed with iron to impart 
strength, hardness, and brittleness. In 
other instances, misch metal was used 
to desulfurize, refine grain size, and in- 
crease the impact strength and ductility 
of certain steel alloys, and promote re- 
sistance to creep and improve fatigue 
properties in magnesium and aluminum 
alloys at intermediate temperatures. Misch 
metal and magnesium iron silicides con- 
taining rare-earth metals received in- 
creased attention as nodulizing alloys that 
promote ductility in cast iron by produc- 


ing graphite spheroids in the matrix. 
Adding rare-earth elements and sub- 
sequently treating with hydrogen to 


eliminate brittleness overcame hot short- 
ness due to deleterious impurities in 
magnesium-zinc alloys, thereby providing 
good castability and ductility. 

Yttrium in chromium alloys promoted 
workability and acted as a grain refiner. 
In iron-chromium alloys, 1 percent yttrium 
was equal to 5 percent aluminum in im- 
proving resistance to oxidation at elevated 
temperatures. 

Yttrium, and rare-earth metals such as 
cerium, praseodymium, and samarium, 
showed promise in new permanent- 
magnet materials because they were 
easily fabricated by powder metallurgy 
methods and could be densely packed, 
giving a remanent flux density close to 
the saturation of massive material. 
Economically, magnets using the pure rare- 
earth materials probably can compete 
only with certain expensive grades of 
Alnico magnets or with platinum cobalt 
magnets, but cerium-rich misch metal 
added to cobalt in these intermetallic 
compounds was believed to be competitive 
with medium-grade Alnicos, ESD magnets, 
and anisotropic ferrites. 

Much of the output of lower purity, 
eommercial-grade rare-earth compounds 
went to the glass and ceramic industries. 
Cerium and mixed rare-earth ` oxides 
powders were used extensively in polish- 
ing eyeglasses, camera and instrument 
lenses, mirrors, television tubes, and plate 
glass, although the latter use has been 
reduced by the introduction into this 
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country of the Pilkington float-glass proc- 
ess. 

Less important in the glass industry 
was the use of certa'n rare-earth oxides 
as ingredients in the glass. For example, 
cerium oxide is used as a glass decolor- 
izer: also, in larger quantities in the 
glass, cerium oxide and neodymium 
oxide absorb ultraviolet light in welders 
goggles and in special sunglasses and 
optical filters. Due to its ultraviolet ab- 
sorptive properties, cerium oxide in glass 
prevents spoilage of food in transparent 
containers. Glass is colored lavender by 
neodymium oxide, greenish yellow by 
praseodymium oxide, and yellow or brown 
by cerium oxide forming cerates with 
titanium or lead. Cerium oxide also pre- 
vents discoloration due to radiation in 
television tube glasses and can be used as 
a white opacifier in glass and enamel. In 
optical uses, especially in certain boro- 
silicate or borate camera lenses, lanthanum 
oxide increases the refractive indices and 
decreases dispersion. Praseodymium oxide 
mixed with zirconium oxide is used in a 
bright yellow ceramic tile stain. 

A new single-phase, polycrystalline 
ceramic material, a solid solution of 90 
percent yttrium oxide and 10 percent 
thorium oxide, has the advantages of be- 
ing transparent and melting at a tempera- 
ture in excess of 2,200° C, almost twice 
that of the softening of glass. It has re- 
ceived consideration for use in high- 
intensity incandescent and discharge 
lamps, in windows in high-temperature 
furnaces, and in microscope lenses used 
to study molten samples. Yttrium oxide is 
well known as a stabilizer of zirconium 
dioxide. 

Rare-earth elements are used in petro- 
leum cracking and in dehydrogenating 
reforming catalysts. Rare-earth chloride 
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catalyst employed to recover chlorine 
from byproduct hydrochloric acid. 

Rare-earth oxides and fluorides are used 
in core materials for carbon-arc electrodes 
emitting intense white light, useful in 
military searchlights and in color motion 
picture photography and projection. 

The high thermal-neutron cross section 
of certain rare-earth elements has proved 
of value in some nuclear applications. 
Oxides of europium, gadolinium, dyspros- 
ium, and samarium have been dispersed 
in control rods in a few commercial 
nuclear power reactors. In a new develop- 
ment, rare-earth oxides such as dyspro- 
sium and erbium, were combined with 
hafnium oxide, another material with 
high neutron cross section, into rare-earth 
pyrohafnates. This was said to provide an 
inexpensive means of incorporating 
hafnium into control rods. New ceramic 
pellets made of aluminum and samarium 


oxides or aluminum and gadolinium 
oxides were developed as atomic fire 
extinguishers. These can be inserted 


rapidly into a reactor to absorb excess 
neutrons whenever the reactor approaches 
a dangerous operating level. Lastly, highly 
efficient radiation shields were developed 
which contain layers of carbon and lead, 
dysprosium and lead, gadolinium alone 
and mixed with lead and tungsten, and a 
final layer of lead or tungsten with de- 
pleted uranium. 

Crucibles composed of yttrium oxide 
were used in reducing uranium oxide to 
the metal. Other high-temperature metal 
casting crucibles were made from mixed 
cerium-thorium sulfides. Gadolinium sele- 
nide has been offered commercially in 
thermoelectric generating equipment. 
Other rare-earth sesquisulfides, such as 
those of samarium and cerium, withstand 


is an important component of a petroleum high operating temperatures in these 
cracking catalyst and is used in a copper _ generators. 
STOCKS 


At yearend, bastnaesite concentrate 
held by the principal domestic mining 
company and chemical processors was 
almost three times larger than at the 
close of 1966. The yearend supply of 
monazite concentrate, held almost en- 
tirely by two chemical processing firms, 
was slightly less than that at the end of 
the previous year, but stocks of rare- 
earth sodium sulfate, held by one proc- 


essor, were about 33 percent greater than 
that at yearend 1966. Stocks of refined 
yttrium oxide were eight times those of 
1966 and those of europium oxide 
showed an even larger comparative in- 
crease. Misch metal stocks held by the 
two main producers and some of the 
principal users decreased 22 percent, but 
those of pure metals more than doubled. 
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PRICES 


According to Metals Week nominal 
prices per pound of imported monazite, 
c.i.f. U.S. ports, remained as follows for 
over half the year: Massive, 55 percent 
rare-earth oxides, 14 cents; sand, 55 
percent, 8 cents; sand, 60 percent, 10 
cents; and sand, 66 percent, 12 cents. 
In August price quotations for the mas- 
sive variety were discontinued and the 
nominal price for a long ton of monazite 
sand was quoted at $180 to $200. On 
the London market, average c.i.f. prices 
per long ton of Australian monazite con- 
taining a minimum of 60 percent rare- 
earth oxides plus thoria varied from an 
early year. quote of £70 to £85 ($196 
to $238) to £80 to £90 ($192 to $216) 
near yearend. A general increase in 
freight rates and higher packaging costs 
part way through 1966 had been re- 
sponsible for the higher prices in 1967 
compared with those of early 1966. Do- 
mestic bastnaesite concentrates, which 
had been quoted for the first time in 
January 1966, remained at, per pound 
f.o.b. Nipton, Calif.: 55 to 60 percent 
rare-earth oxides, 30 cents, and 68 to 
72 percent rare-earth oxides, 35 cents. 
Rare-earth oxide from the same source 
was quoted at 45 cents per pound for 
88 to 92 percent pure material. 

Prices for mixed or lower grade rare- 
earth compounds, called production 
chemicals by American Potash & Chem- 
ical Corp., were the same as those of 
1966. In lots of 50 to 99 pounds, ceric 
hydrate sold for $1.75 to $2.00 per 
pound and ceric oxide sold for $1.90 
per pound. Similar-sized lots of didy- 
mium and rare-earth chlorides were 
$0.55 per pound and didymium carbon- 
ate was $1.30 per pound. Other quoted 
prices were $1.40 to $1.74 per pound 
for cerium hydrate in lots of 100 pounds 
or more, depending upon purity, and 
$1.85 to $1.90 per pound for optical 
grade ceric oxide in lot sizes of 50 
pounds or more, delivered in bags. 

Price lists were available from chem- 
ical processors such as Research Chem- 
icals, American Potash & Chemical, and 
Michigan Chemical, and some products 
were quoted in trade journals.* 

According to these sources, the price 
per pound of various oxides, in the 
common lot size of 2 to 99 pounds was 
cerium oxide 99.9 percent pure $7.50 to 


$9.50; neodymium oxide $30.00 to 
$37.50; europium oxide $850 to $950; 
gadolinium oxide $85 to $95; yttrium 
oxide $44 to $55; and lutetium oxide 
$3,000 to $3,500. The price of europium 
oxide from American Potash dropped to 
$850 per pound from $1,350 in 1966, 
but because prices on large quantities are 
lower and are subject to negotiation, this 
oxide may sell at $550 to $800 per 
pound, depending upon purity. Fluorides 
from one company were priced the same 
as the oxides, and otber salts, including 
chlorides, nitrates, oxalates, and sulfates 
in quantities and purities such as the 
previously mentioned oxides, were gen- 
erally priced at 60 percent of the prices 
of the oxides. 

In 50- to 100-pound lots, prices for 
99.8 percent misch metal from Ronson 
Metals Corp. increased to $3.00 per 
pound in April 1967 from $2.90 in 
1966. Cerium-free misch metal remained 
at $5.00 per pound, didymium metal of 
97 percent purity stayed at $15 per 
pound, cerium metal of 99.9 percent 
purity stayed at $20, and lanthanum 
metal of 99.9 percent purity stayed at 
$27.50. 

In general, prices of high-purity metals 
decreased. The price list of Research 
Chemicals, Division of Nuclear Corp. of 
America, quoted some rare-earth metal 
prices as follows: 


Metal ingots, 


99.9 percent Dollars per pound 


pure, small lots 1966 1967 
Cerium  ......... 75 70 
Europium ....... 5,000 3,600 
Lanthanum ...... 75 70 
Necuymium  ..... 150 115 
Samarium ....... 220 160 
Yttrium ......... 180 160 
Prices for distilled metals were about 

50 percent greater than the ingots. 


Metal powders in 1-pound lots generally 
were $40 to $50 per pound greater than 
the ingot prices for lower priced metals 
and up to $200 to $300 per pound 
greater than the ingot prices in the rare 
and higher priced metals such as lute- 
tium and thulium. 

3 Oil, Paint and Drug Reporter. Current 
Prices of Chemicals and Related Materials. 
V. 191, Nos. 1-26, Jan. 2-June 26, 1967; V. 
192, Nos. 1-26, July 3-Dec. 25, 1967. 


4 American Metal Market. V. 74, Nos. 1-250, 
Jan. 3-Dec. 29, 1967. 
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FOREIGN TRADE 


Pyrophoric alloys, including ferro- 
cerium, were shipped to Canada, United 
Kingdom, West Germany, and 20 other 
countries and totaled 141,338 pounds 
valued at $303,499. The average unit 
value of these exports was $1.25 per 
pound less than that in 1966. 

Monazite sand concentrate totaling 
2,091 short tons valued at $270,063 was 
received from Australia (74 percent of 
weight), Malaysia (13 percent), Nigeria 
(6 percent), Indonesia (3 percent), and 
South Korea and West Germany (4 per- 
cent). The average unit value of these 
imports was $15.60 per short ton more 
than that in 1966. One company re- 
ported that it imported a small quantity 
of xenotime from Japan. 

Cerium chloride imports, mostly from 
Canada, totaled 33,486 pounds and was 
valued at $3,135. The unit value of 
the Canadian material was much lower 
than chloride prices quoted by USS. 
processors. Cerium oxide from United 
Kingdom, Finland, France, Austria, and 
Switzerland totaled 18,249 pounds valued 
at $22,274. Cerium salts and other ceri- 
um compounds, from France, United 


WORLD 


Australia.—Proved reserves of 100,000 
long tons of monazite were said to be 
associated with ilmenite deposits of the 
Geographe Bay area, Western Australia. 
Monazite production in this state re- 
portedly was running at a rate of about 
1,500 long tons per year.’ Byproduct 
monazite production by a large Western 
Australia beach sand processor was 25 
percent greater than that of 1966 and 
77 percent greater than that of 1965. 
Based on first quarter production 
of monazite concentrate, it appeared 
that annual production would be about 
2,290 long tons of concentrate contain- 
ing about 2,050 long tons monazite.® 
For the years 1965 through 1967, the 
average grade of the monazite concen- 
trates produced in Australia has been 
94, 92.5 and 91 percent respectively. 
Reportedly, Associated Minerals Con- 
solidated, Ltd. produced rare-earth 
polishing powders at Southport, Queens- 
land. 


Canada.—Preliminary Dominion Bureau 
of Statistics data indicated that 160,078 


Kingdom, West Germany, Austria, and 
Switzerland in decreasing quantity, 
totaled 12,890 pounds worth $13,727. 
The Swiss materials were of high unit 
value indicating that they were of a 
special high purity. Rare-earth metals, 
having a reported value of $30,152, were 
received from three countries, United 
Kingdom, U.S.S.R., and West Germany. 
The unit values of the material from 
United Kingdom and U.S.S.R. were 
high, indicating high-purity metals, but 
over 99 percent of the material, from 
West Germany, had a very low unit 
value, to be expected of low-value al- 
loys. Imports of low-value alloys, includ- 
ing misch metal, were reported as total- 
ing 10,484 pounds worth $13,339, 
mostly from West Germany and some 
from the United Kingdom. Other al- 
loys of rare-earth metals, totaling 2 
pounds worth $328, were imported 
from West Germany. Ferrocerium and 
other pyrophoric alloys, from Japan, 
West Germany, Austria, and France 
totaled 7,241 pounds valued at $35,062 
compared with 13,903 pounds valued at 
$65,407 in 1966. 


REVIEW 


pounds of yttrium oxide in concentrate, 
valued at $1.69 million, was recovered 
from uranium mill effluent in 1967. A 
new yttrium processing facility was 
opened at Denison Mines Ltd. uranium 
concentrating plant near Elliot Lake, 
Ontario. The proposed output of this 
facility was estimated as up to 300,000 
pounds annually. The Nordic plant of 
Rio Algom Mines Ltd., with a rated 
capacity of 100,000 pounds per year, has 
been producing yttrium oxide since 1965. 
Additional equipment for extracting 
yttrium values was said to have been 
installed at the thorium recovery facili- 
ties of Rio Tinto Nuclear Products, a 
wholly owned subsidiary of Rio Algom 
Mines. 

Interest was shown in the possible 
economic extraction of rare-earth ele- 
ments from phosphate rock deposits at 


hne Australian Mineral Industry. Quarter 
ly Review. V. 19, pt. 1, No. 4, June 1967, 


p. 84. 

6'The Australian Mineral Industry. Quarter- 
„„ V. 20, pt. 2, No. 1, September 
1 „ D. 7. 
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Table 1.—World production of monazite concentrates, by countries 12 


(Short tons) 

Country 1963 1964 1965 1966 1967 
(Ü E r2,310 2,219 12,582 *2,212 2,908 
7 ase ae ͤhdßͥ a mmm y EE 8 2, 448 733 658 822 NA 
% ĩðͥ—ð1 . èo-. d v y 25 40 40 22 
Congo (Kinshasa)__._ i ok 0k — 22 NA NA 
ET TC EENEG 2,678 2,307 2, 800 NA NA 
dee 169 54 NA 5 
Fei lh ³ H 8 13 14 
Malagasy Republic................................- 678 1,063 1,196 937 27 
Malaysia (exports) ))): 991 340 777 970 ¢1,061 
Nigora B. ee 13 11 9 8 125 
South Africa, Republic oft.... 2300 


e Estimate. r Revised. NA Not available. 


8,112 5,002 4,162 


1 United States production data withheld to avoid disclosing individual company confidential data. 


? Compiled mostly from data available March 1968. 
3 Year ended March 31 of year following that stated. 


4 Reported as concentrates containing 45 to 55 percent REO; also reported as 30 percent cerium, which may 


be high. 


5 Totals are of listed figures only; no undisclosed data included. 


Nemegos, Ontario. The deposits, totaling 
40 to 80 million tons of apatite, were 
said to contain about 55 pounds of rare- 
earth oxides per ton of apatite concen- 
trate. 


Finland.—In 1967 it was announced 
that the Korsnäs lead mine of Outo- 
kumpu Oy had produced 2,876 short 
tons of rare-earth concentrate contain- 
ing 2.63 percent rare-earth oxides, 
worth $122,935 (Fmk 394,500). Typpi 
Oy, Oulu, planned to quadruple its out- 
put of rare-earth oxides, using Kola 
apatite as a raw material. 

Two Finnish scientists, Prof. Olavi 
Erámetsá and Allan Johansson, con- 
ducted research on a fuel cell using a 
praseodymium compound as a solid elec- 
trolyte. 


India.—In Madras State, the Mana- 
valakurichi plant of Indian Rare Earths 
Ltd., with an annual capacity of 3,000 
metric tons of monazite concentrate, was 
expected to come on stream in 1967. 
The company made such items as rare- 
earth chloride and fluoride in its mona- 
zite chemical processing plant at Alwaye, 
Kerala State. Lanthanum oxide and 
misch metal were produced on a pilot 
plant scale in anticipation of eventual 
commercial-scale production at Alwaye. 


Japan.—At the Nippon Yttrium Co. 
Ltd. plant in Mitaka, Tokyo, high-purity 
yttrium oxide monthly output was ex- 
pected to be increased from 660 to 


2,205 pounds by the installation of a 
solvent extraction process developed by 
The Rio Tinto Zinc Corp., Ltd. subsi- 
diary, Thorium Ltd. In turn, Pyrites 
Co., a subsidiary of Rio Tinto Zinc, 
acquired a one-third interest in the 
Japanese firm which is a joint venture 
of Mitsui Mining & Smelting Co. and 
Tohoku Metal Industries. Operation of 
the new plant was expected in mid-1968. 
Shinetsu Chemical Industry Co. used a 
Japanese developed ion-exchange method 
to produce high-purity yttrium oxide at 
a plant at Takefu, Fukui Prefecture. 


Malagasy Republic.—In 1966, Etab- 
lissements Tricot, a French lighter flint 
manufacturer, ceased concentrating mon- 
azite at its Isandravinang plant in the 
Manantenina district. Competition from 
Australian monazite was the reason 
given for closing the plant. 


Malawi.—4A private company was given 
a concession by the Malawi Government 
to prospect for and determine the feasi- 
bility of extracting monazite from the 
Kangankunde Hill carbonatite complex 
near Balaka and northwest of Zomba. 
Laboratory tests and pilot plant treat- 
ment of the material had been demon- 
strated previously. 


Malaysia.—A rapid method for deter- 
mining yttrium in xenotime was devel- 
oped at Ipoh, Perak State. It was be- 
lieved that this would save valuable time 
and prevent discarding the more valuable 
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xenotime in the mistaken belief that it 
was lower value monazite. 


Mauritania.—Pechiney St. Gobain of 
France, one of Europe's largest producers 
of rare-earth oxides, explored recently 
discovered deposits of massive monazite 
at Bounaga, about 60 miles southwest of 
Akjoujt and about 220 miles east of 
Nouakchott. The material was said to 
contain an average of 3.8 percent yttrium 
oxide. Société d’Exploitation Miniére et 
de Recherches de Mauritanie (SOMI- 
REMA), a subsidiary of Péchiney, will 
mine and export the ores starting in 
early 1968. The ore concentrates will be 
processed in the Pechiney St. Gobain 
plant, La Rochelle, France. 


Spain.—A deposit of bastnaesite was 
discovered at Pozoblanco near Córdoba, 
and it was believed to contain a useful 
percentage of europium. 
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United Kingdom.—Rio Tinto Zinc’s 
rare-earth producing subsidiary, Thorium 
Ltd. opened a new laboratory at Widnes, 
Lancashire. The company gained a 
Queen’s Award for Technological Inno- 
vation by developing an efficient solvent 
extraction process for separating and 
purifying rare-earth elements. The com- 
pany was in the midst of an expansion 
program which would triple annual 
capacity for praseodymium oxide to 
65,000 pounds by late 1968 and material- 
ly increase output of cerium, europium, 
lanthanum, and neodymium oxides. Sub- 
sequently, Thorium Ltd. joined with 
Johnson Matthey & Co. Ltd. in forming 
a new company, Rare Earth Products 
Ltd. Thorium Ltd. was scheduled to 
manage the plant starting on November 
1, 1967. 


TECHNOLOGY 


Although monazite is currently second- 
ary to bastnaesite in this country as a 
source of rare-earth oxides, its history as 
the dominant rare-earth and thorium 
mineral reaches back to the 19th century. 
A recent U.S. Geological Survey pubh- 
cation is of maximum importance in 
making known the world distribution, 
types of geological environments, ele- 
mental contents, and relative abundance 
data on monazite.“ In the event of im- 
mensely increased demand for some of 
the heavy rare-earth oxides it might be 
possible to recover these elements as a 
byproduct from wet process“ phos- 
phoric acid used in producing fertilizers 
from marine phosphorites. The possible 
extraction processes which might be used 
for the byproduct recovery were dis- 
cussed.? 

Mining and concentrating bastnaesite 
and processing the concentrates to inter- 
mediate rare-earth products and others 
such as high-purity europium oxide were 
described. Two comprehensive flowsheets, 
showing the ore concentrating and the 


europium, cerium, and lanthanum cir- 
cuits, were published.? 

Bureau of Mines investigations re- 
flected a varied interest in rare-earth 


materials. Additions of small quantites of 
rare-earth elements were said to have 
little effect on the tensile properties of 
steel. Cerium metal was purified by 
solid-state electrolysis, and high-purity 
neodymium, praseodymium, and didym- 
ium metals were prepared by electrolysis 
of their oxides. Selective leaching of rare- 
earth values was facilitated by fusing 
euxenite with ammonium sulfate. Ther- 
mochemical data were published, and 
measurements were made of the reaction 
rate between yttrium metal and molten 
lithium fluoride. Yttrium was electrore- 
fined and the electrical properties of 
yttrium compounds were discussed. Re- 
connaissance studies delineated an area 
of remote potential value as a source of 


7Overstreet, William C. The Geological Oc- 
currence of Monazite. Geol. Survey Prof. 
Paper 530, 1967, 327 pp. 

8 Altschuler, Z. S., Sol Berman, and Frank 
Cuttitta. Rare Earths in Phosphorites—Geo- 
chemistry and Potential Recovery. Geol. 
Survey Prof. Paper 575-B, 1967, pp. B1-B9. 

9 Harrah, H. W. Rare Earth Concentration 

at Molybdenum Corporation of America. Part 
II. Solvent Extraction Plant. Deco Trefoil, v. 
31, No. 5, November-December 1967, pp. 9- 
16. 
Johnson, N. L. 
Molybdenum Corporation 
Trefoil, v. 30, No. 4, 
October 1966, pp. 9-16. 


Rare Earth Concentration at 
of America. Deco 
August-September- 
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yttrium and related rare-earth ele- 
ments. i 
Investigations continued on fluores- 


cence and luminescence phenomena of 
rare-earth materials, generated by their 
outstanding success in color television 


10 Barnard, P. G. Effects of Rare-Earth Addi- 
tions on Plain-Carbon Steel. BuMines Rept. of 
Inv. 6907, 1967, 25 pp. 

Driscoll, Timothy J., Jr., and Lindsay D. Nor- 
man, Jr. Thermoelectric Properties of Yttrium- 
Group V and Yttrium-Group VI Binary and 
Ternary Compounds. BuMines Rept. of Inv. 
7025, September 1967, 14 pp. 

Marchant, J. D., E. S. Shedd, and T. A. 
Henrie. Solid-State Electromigration of Impuri- 
ties in Cerium Metal. BuMines Rept. of Inv. 
6894, 1967, 13pp. 

Merrill, C. C., and M. M. Wong. Electrorefin- 
ing Yttrium. BuMines Rept. of Inv. 7018, Sep- 
tember 1967, 10 pp. 

Morrice, E., and T. A. Henrie. Electrowinning 
High-Purity Neodymium, Praseodymium, and 
Didymium Metals From Their Oxides. BuMines 
Rept. of Inv. 6957, May 1967, 11 pp. 

Porter, Bernard, R. E. Meaker, and T. A. 
Henrie. Reaction Rate of Solid Yttrium Metal 
With Molten Lithium Fluoride. BuMines Rept. 
of Inv. 7008, August 1967, 13 pp. 

Shaw, Van E., and R. E. Lindstrom. Extrac- 
tion of Euxenite Metal Values by Fusion With 
Ammonium Sulfate or Ammonium  Bisulfate. 
BuMines Rept. of Inv. 6906, 1967, 11 pp. 

Stuve, J. M. Heats of Formation of Ytterbium 
and Thulium Trichlorides. BuMines Rept. of 
Inv. 6902, 1967, 7 pp. 
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phosphors.1! Methods were studied to 
achieve the maximum economy in pre- 
paring phosphor coatings and in promot- 
ing maximum performance under a par- 
ticular mode of excitation.” 


Stuve, J. M. Heats of Formation of Holmium 
and Terbium Trichlorides. BuMines Rept. of 
Inv. 7046. November 1967, 7 pp. Williams, 
Roger L. Reconnaissance of Yttrium and Rare- 
Earth Resources in Northern New Jersey. 
BuMines Rept. of Inv. 6885, 1967, 34 pp. 

11 Aia, Michael A. Structure and Lumines- 
cence of the Phosphate-Vanadates of Yttrium, 
Gadolinium, Lutetium, and Lanthanum. J. 
Electrochem. Soc., v. 114, No. 4, April 1967, 
pp. 367-370. 

Avella, F. J., O. J. Sovers, and C. S. Wiggins. 
Rare Earth Cathodoluminescence in InBOg and 
Related Orthoborates. J. Electrochem. Soc., v. 
114, No. 6, June 1967, pp. 613-616. 

Blasse, G., and A. Bril. Fluorescence of Eu?*- 
Activated Garnets Containing  Pentavalent 
Vanadium. J. Electrochem. Soc., v. 114, No. 3, 
March 1967, pp. 250-252. 

Brixner, L. H. Fluorescence and Cathodolu- 
minescence of Eu?* in Some Alkali and 
Alkaline Earths—Yttrates and Gadolinates as 


Hosts. J. Electrochem. Soc., v. 114, No. 3, 
March 1967, pp. 252-254. 
12 Wacher, P., D. J. Bracco, and F. C. 


Palilla. The Particle Size Distribution of 
Yttrium Vanadate Phosphors as a Function 
of Preparation Parameters. Electrochem. Tech., 


Ya 5, Nos. 7-8, July-August 1967, pp. 358- 
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Salt 


By Benjamin Petkof ' 


U. S. production of salt continued to in- 
crease to meet continued expanding re- 
quirements of the domestic heavy chemical 
industry. Total production in 1967, almost 
two-thirds of which was consumed in the 


production of chlorine, soda ash, and other 
chemicals, increased 7 percent in quantity 
and 9 percent in value. Exports and im- 
ports rose slightly over those of 1966. 


DOMESTIC PRODUCTION 


Salt was produced in 17 States during 
1967, five of which Louisiana, Texas, Ohio, 
New York, and Michigan, supplied 86 per- 
cent of total production. 

Fifty-seven companies in the United 
States and Puerto Rico produced salt at 
102 plants. Eleven companies, with produc- 
tion in excess of 1 million tons each, ac- 
counted for 86 percent of total production, 
15 companies whose production was less 
than 1 million, but greater than 100,000 
tons per year operated 26 plants and sup- 
plied 14 percent of total production; and 
31 companies whose individual production 
was under 100,000 tons per year, operated 
35 plants to supply the remaining mate- 
nial. 

Twelve plants, with an annual produc- 
tion over 1 million tons each, supplied 57 
percent of total domestic production; and 
12 plants producing 500,000 tons to 1 mil- 
lion tons each, annually, supplied 21 per- 
cent. The remainder was supplied by 78 
plants. 


International Salt Co. began operating 
a new refinery in Cleveland, Ohio, that was 
capable of producing 200,000 tons per year 
of high-purity evaporated salt from rock 
salt. The company uses its own recrystal- 
lizing process whereby salt is mixed with 
saturated brine and raised to a high tem- 
perature by the injection of steam. In- 
soluable calcium sulfate is filtered out and 
the clarified brine is cooled rapidly in a 
flash chamber where the salt is recrystal- 
lized.” 

Lithium Corporation of America and 
Chemsalt were jointly building 12,000 acres 
of solar ponds in the Great Bear Basin 
near Ogden, Utah. The extraction of 
various chemical compounds including salt 
was expected to begin in 1970.3 


1 Commodity specialist, Division of Mineral 
Studies. 

2 Chemical Engineering. v. 74, No. 19, Sept. 
11, 1967, p. 282. 

3 Chemical Week. No Letup at Salt Lake. 
v. 100, No. 20, May 20, 1967, p. 22. 


Table 1.—Salient salt statistics 


(Thousand short tons and thousand dollars) 


1963 1964 1965 1966 1967 
United States: 

Sold or used by producers 80,641 31, 623 84,687 36,463 88,946 
Ill.. 8 $184,589 3200, 706 3215, 699 $229,985 8251, 210 

P §ö;ĩẽ ³ð ͤ K K eet ee 7 594 688 662 67 
Value oee uae ene SEE e $4,140 $3,373 $4,285 $4,472 $4, 583 
Imports for consumption. .............- 516 261 2,410 2,479 2, 843 
alue oc uu ci Nee RR Let $5,112 $5, 677 $6, 505 $6, 464 $8,541 
Consumption, apparent 31,376 33,290 86,409 38, 280 41,111 
World: Droduetüon. .------2----------- 105,973 109,276 119,135 120,119 111,304 
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Table 2.—Salt sold or used by producers in the United States 


(Thousand short tons and thousand dollars) 


1966 1967 
State — 
Quantity Value Quantity Value 

enn... 8 1,693 w 1,732 w 
Kansas EE 969 $13,388 1,069 $14,686 
P fõ·˙¹Ü¹ꝛ0i¹rꝛ ³m-gsd yt 8,736 44,189 9, 585 48,483 
tie tens ee, ð K ⁰ʒ E E 4,465 38,611 4,789 42,389 
New Mexico. voces ⁵ hes oe CLE 66 716 82 1,036 
New engkeier 8 4,980 36,203 5,320 41,568 
ORIG = ecco ee eee ee yd y y 5,138 35, 785 5,407 39,549 
OKRIBHOmB gege needed Lewes Some W W 10 76 
TONGS T o San Duy Sa Kd yd y 7,724 33,797 8,344 36, 435 
[h uc ee ee eel one ee eee ee 427 3,770 403 3,525 
West NEIER deeg ˙¹ů m md ee eee es 1,147 5,446 1,127 5,137 
Other States 1,118 18,130 1,078 18,326 

17 ees ee eee ir Mule LC E 36,463 229,985 38,946 251,210 
Püerto Rit- 8 11 183 12 195 


W Withheld to avoid disclosing individual company confidential data; included with ‘‘Other States.” 

1 Quantity and value of brine included with “Other States.” 

3 Includes Alabama, Colorado, Hawaii, Kansas (brine only), Nevada, North Dakota, Virginia, and States 
indicated by symbol W. 


Table 3.—Salt sold or used by producers in the United States by methods of recovery 


(Thousand short tons and thousand dollars) 


1966 1967 
Method of recovery TTT 


Quantity Value Quantity Value 


Evaporated: 
ulk: 
Open pans or grainerg 2 2 222222 cc... 305 $8,220 356 310, 608 
Vacuum pan 2, 633 60, 317 2, 860 65, 515 
Solar ee sheet ·oͥ ẽ WWW:... E tee eee sss 1,769 11, 688 1,729 11,356 
Pressed block 328 8,529 344 8,367 
P ·²—ÜwũͥͤÜĩÜkEði ð⁰ ³ ( A a Su paman 5,035 88,'154 5,289 95,846 
Rock: E l i 
Hulk. LZ te aaa EEN 10,020 59, 436 11,598 70,100 
Pressed blocks.. 2222 22-2222 LLL LL cll MM 60 1,682 63 1,853 
Total. d emi emesis 10,080 61,118 11,661 71,953 
Salt in brine (sold or used as sue dd 21,348 80,113 21,996 83,411 
Grand total... 36,463 229,985 38,946 251,210 


Table 4.—Evaporated salt sold or used by producers in the United States 


(Thousand short tons and thousand dollars) 


1966 1967 
State —————————— ———— 

Quantity Value Quantity Value 
LE 452 $10,836 521 $12,085 
(( ĩ ²” ¼½ù ͤ·ꝶ; ⁰ͥ⁰ꝗqʒd d 267 6, 354 301 7, 619 
ÿ ; ]ixV Dm Mmm!¾ 88 1,033 23,145 1,042 24,439 
CC’ eee eee Ee 648 15,312 729 16,512 
Ohio. oa Loue cec lesus ⁰⁰ . 8 607 13,207 688 14,908 
G /W2QA³»Q»0A.ͥEX/ỹñõ ³¹¹w¹ ]oꝛ¹mw¹ꝛ mdr w s oci EE W W 7 67 
Other States ee ee 2, 028 19, 900 2,001 20,216 
Total EE 5,035 88,754 5, 289 95, 846 
Puerto t Lus ⁰⁰ uu ah he 11 183 12 195 


W Withheld to avoid disclosing individual company confidential data; included with Other States.“ 
1 perii California, Hawaii, Nevada, New Mexico, North Dakota, Texas, Utah, and States indicated by 
symbol W. 
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Table 5.—Rock salt sold by producers in the United States 
(Thousand short tons and thousand dollars) 
Year Quantity Value Year Quantity Value 
EL EE 8,8945 $51,648 1966.......................- 10,080 $61,118 
EEN 8,554 52,290 1967... A eet 11,661 71, 958 
/c oo he 9,810 57,710 


Table 6.—Pressed-salt blocks sold by original producers of salt in the United States 


(Thousand short tons and thousand dollars) 


Year 


Ee A E AE EEE 362 
)). ³ 8 387 
J. ⁵³ 375 
,öõöÜ :::: ul asua se 328 
Eeer 344 


From evaporated From rock salt Total 
salt 

Quantity Value Quantity Value Quantity Value 
$7,914 60 $1,589 422 $9,503 

8,659 65 1,725 462 10,384 

8,701 68 1,767 443 10,468 

8,529 60 1,682 388 10,211 

8,367 63 1,853 407 10,220 


CONSUMPTION AND USES 


Of the total domestic salt output 64 per- 
cent was sold or used in the chemical 
manufacturing industry, 42 percent was 
used for production of chlorine and its by- 
product caustic soda, 18 percent for sodium 
carbonate (soda ash), and 4 percent for 
other chemicals. The chemical manufac- 
turing industry therefore consumed 64 


percent of the domestic salt sold and used. 

The next largest use, for ice and snow 
removal and road bed stabilization, ac- 
counted for 14 percent of total salt output. 
Salt assumed to be used as table salt repre- 
sented 3 percent of the total. 

Of the total salt consumed, 56 percent 
was sold or used as brine. 
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Table 7.—Salt sold or used by producers in the United States, 
by classes and consumers or uses 


(Thousand short tons) 


1966 1967 
Consumer or use — F — — —é¼. . — aä——3—— — — 
Evap- Rock Brine Total Evap- Rock Brine Total 
orated orated 
Chlorine- ....... 22. LL LLL sl... W W 13,196 15,410 451 1,561 14,223 16,235 
Geteste W W 7,207 7,208 w W 6,823 6,825 
Soap (including detergent )) 23 8 23 54 23 8 eno 31 
All other chemicals W 1,206 W 1,541 314 1,459 88 1,811 
Textile and dyein g W 104 W 202 W 94 W 189 
Meatpackers, tanners, and casing man- 

Uaetur ens W 424 W 723 297 431 EE 728 
FFI A eee 1 7 Lu 20 14 D. dados 19 
DD AIC x c5 cc cl ec inm e e re 40 4. uns 44 46 4-2 50 
Ganning 2222an 172 36 3 208 183 W W 233 
Bakihg....— Ee 8 103 W W 107 W W cts 113 
Flour processors (including cereal)... 60 NS. n 68 59 9 Z222 68 
Other food processing 140 30 uon 170 152 W W 188 
Ice manufacturers and cold storage 

companies W 17 W 26 W 13 W 20 
Feed dealers 654 3699 1,023 718 39898 1,116 
Feed mixers________.._-_-__-.-.---- 302 131.. 52. 433 323 W 464 
Metall. cR ⁰ 106 W 236 W 121 w 249 
Ceramics (including glass) 4 10 14 5 111 15 
RAP 8X W W 93 132 W W 13 112 
JJJ!;ö»Ä˙Ü—õw HCM CREE 61 64 52 177 63 49 126 238 
Paper and puld W 134 W 192 16 124 13 153 
Water softener manufacturers and serv- 

ice eompan ies 301 286 4 591 335 W W 683 
Grocery stores ll 639 291  ..... 930 678 3388 1,016 
Riffe gs 8 10 21. —— 37 6 S 33 
Bus and transit eompan ies W 14 W 17 W We “tates 69 
States, counties, and other political 

subdivision (except Federal): 174 3,956 3 4,133 W 5,157 W 5,297 
U.S. Government WW 29 w 55 w 31 W 66 
Miscellaneous. ----_-------2--------- 1,118 934 660 2,712 1,081 1,183 661 2,925 
Undistributed 83. 1,218 1,888 110 `- 525 639 99 

P!!! ee oi ea 5,035 10,080 21,348 36,463 5,289 11,661 21,996 38,946 


W Withheld to avoid disclosing individual company confidential data; included with ‘‘Undistributed.”’ 

1 Includes salt assumed to be used as table salt. 

2 Includes salt used for ice and snow removal and roadbed stabilization. 

3 Includes some exports and consumption in overseas areas administered by the United States, and items 
indicated by symbol W. 


SALT 1007 


Table 8.—Distribution (shipments) of evaporated and rock salt in the 
United States, by destination 


(Thousand short tons) 
1966 1967 
Destination ———  — 
Evapo- Rock Evapo- Rock 
rated rated 
WT A ß pe nu s E asal l u h Sa 37 485 40 427 
KEE un a oo ey SN BN ß ge sp hs W — W 
ATITODR LU dd ur ß a uA EE cA W 5 W W 
E ..ͤͤͤĩ?k06«• mͥ m yy a tue el DU L 17 74 16 83 
RRE e CES 850 W 759 W 
COMO ROC ate c cre Sue C CL cuu . Gah T 81 28 96 3 
ConBecticUt- ſõõõĩͤĩõĩꝗſ/ ð·.ſſſſſſ eee eL ME oe a e 18 W 19 W 
FÄ ͥͥ0]riß¹ſſſſſſ 00 ⁰⁰ ms a ECL AN 8 W 8 
District of St aw ee So 4 W 3 
F oe Be ee Me ee ³⅛˙m 8 29 95 31 107 
e ß ññ f S S 55 222 56 
C ⁰¹wwn... ðo¹¹ww ĩðâ 8 N W ------ 
te TN, MERE Roo 43 W 43 W 
1 U1 Sc cy T. A tae acc S RR MER usa ST xm mm m A S pk use e 268 524 281 461 
Fi.... a rt ne, eee SUS 135 306 144 380 
Kei EE EENEG 148 211 174 243 
Kansas EE 70 184 86 204 
h/ ³ð2W ͤ K i LL Sua us 43 274 45 843 
FFII oun 00ſſſſ v:... y eat ay 33 332 34 391 
177/öCĩ˙¹-ꝗnmmmimm «˙ ß er et UO Du ĩͤ oe 12 WwW 18 WwW 
Maryland ß u et T I et ee ER 43 W 46 116 
I h nre ³%ð³ .. w eel 70 374 57 613 
Michigan MOD eee E 174 W 180 W 
III ͤ ꝶ k LE 143 266 155 341 
M issii DDii tee d E gel 15 78 17 72 
III! ͥͤ]˙⁰Ü.r mr y ea eee rs 83 304 81 353 
IVE OVA ha es ey le eS ee BS Sc erate en td 35 1 37 1 
N ͥ a SSS SSS S Sa 86 84 90 92 
E >or cu utu a ua Df ma ar San Derg y Se yee) zS Es 24 W 22 W 
New Hampnabhre --------------------------nMMMMMM 5 W 9 W 
NEQUIT. AIT" 161 405 157 465 
New MOeXIG0. ³⁰·¹’ꝛ q und IA ede 13 57 14 71 
New York... EE 256 W 354 
North Careliin gaga... be eee 107 153 105 161 
North Dakota ` 39 4 42 4 
OOD es 1 uo ee 283 812 303 961 
Oklahom8_ uc u s s LS ³ ³ dd Seu l Lue e eB alot 80 57 34 56 
OPO EES 55 W 33 W 
F;; oe ß eee eee 8 187 619 203 823 
Rhode Island- oen oe EES E 11 W 12 W 
south Carolina... oe r 8 32 18 82 20 
South. Dakoti ↄ R ms SS Sie Sus mun 8 38 22 36 21 
Tennessee. ee eee. 122 129 290 
Dexag. EENEG 105 360 113 422 
tee Eege 138 154 w 
U oes ca etr cr et a Qua S in noi. 8 W 7 W 
KA) al tam o occ rire as eh m tube lu AL I 87 142 88 124 
Washington EE 155 W W W 
West CEET hE S au u kus 22 94 21 108 
Wisconsin... 146 259 154 425 
WYOMING =. t es a sal ⁰ AAA aNa a a e OO 21 w 20 W 
00h0;Äůùꝗ ð⁵˙ͥ¹¹ ͥ dude ³·¹öà dd ð vt y at NS 490 3,236 736 3,448 
)%/%/%!öb00ͥ/õͤũ0ͥõõĩẽ5fo oq . 5⅛˙ ] 69m 5,035 10,080 5,289 11,661 


W Withheld to avoid disclosing individual company confidential data; included with “Other.” 
! Includes shipments to overseas areas administered by the United States, Puerto Rico, exports, some ship- 
ments to unspecified destinations, and States indicated by symbol W. 


PRICES 


During the year The Oil, Paint and Based on reported production data, the 
Drug Reporter quoted rock salt and table average, per ton values of rock and 
salt (paper bags and carlots) at $1.00 and evaporated salt were $6.04 and $18.12 
$1.34 per hundred pounds respectively respectively. 
during the year. 
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FOREIGN TRADE 


Exports and imports of salt remained Table 9.—Salt shipped to the Common- 


low compared with domestic production. wealth of Puerto Rico and overseas areas 
Exports, the bulk of which went to Japan administered by the United States 
and Canada, increased about 2 percent in (Thousand short tons and thousand dollars) 
quantity over those of 1966. Imports in- 
creased about 15 percent. Canada, Mexico, 1966 1967 
the Bahamas, and Tunisia supplied 95 per- Area JC. 
: - Val - Value 
cent of the total. Imported material was ` SS pres ep 
about 7 percent of domestic production. 
American Samoa (1) $16 (1) $16 
Guam (1) 14 (!) 19 
Puerto Rico 10 762 11 840 
Virgin Islands (1) 13 o 17 


1 Less than 14 unit. 


Table 10.—U.S. exports of salt by countries 


(Thousand short tons and thousand dollars) 


1966 1967 
Destination — — ——— —r n 

Quan- Value Quan- Value 

tity tity 
Astral EE 1 $62 1 $56 
Bähamas c oo ceti v oe ee ee us ee a eee (1) 30 1 36 
A BEE x ea 45 206 (1 4 
77% d“f.ſGſ 178 1,637 205 1,738 

Dominican Republic. ........... 2.222 2222 22222 LL 22 eee 1 52 1 
EE 43 26 
JEDER E ³ð ſyſſ age Panas umasa as asses 429 1,890 460 2,098 
M68160: EE 62 52 
Netheplasndag ee ee () 3 1 21 
Netherlands Antilles 47 1 47 
Peru c ux cce V 8 (1!) 15 1 49 
S S cnni erc ee eat ³o- ⁰⁰ mS ic Sus 1 49 1 60 
South Africa, Republic o... (1) 20 1 18 
)) 0 cnc eee yy ß y 1 31 1 21 
Trust Territory of the Pacific Islands () 11 22 
% i. Cs La DA Oe RSS ua ae M LE 1 314 (1) 290 
177 )) ³o-¹-ꝛmm. e xa LAS 662 4,472 678 4,583 


1 Leas than 14 unit. 


Table 11.—U.S. imports for consumption of salt, by countries ! 


(Thousand short tons and thousand dollars) 


1966 1967 

Country MM 
Quantity Value Quantity Value 
Bahamas EEN 330 $1,284 270 $1,005 
CU VEER 1,320 , 508 1,436 4,860 
Chile; 2 nus xx ⁰ n tn. 218 
46e: EEN 636 982 830 1,724 
PV Lia a le ee h 43 399522 
unisia. .... 7 ↄ ORE PF ĩᷣ ( 8 124 371 169 542 
United Arab Republic 26 66 48 159 
ee teta ELEM Rr EECHER 12 32 
G · õ ⁰ͤ fg d w... y (2) 3 (2) 1 
J aaa 2,479 6,464 2,848 8,541 


1 Includes salt brine from Canada through the Detroit Mich., customs district for 1966, 657,489 short tons 
valued at $203,866; 1967, 443,457 short tons valued at $128,839. 
2 Less than 1⁄4 unit. 
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Table 12.—U.S. imports for consumption of salt, by classes 


(Thousand short tons and thousand dollars) 


In bags, sacks, barrels 


or other packages Bulk (dutiable) 1 


Year (dutiable) 
Quantity Value Quantity Value 
KEE ee 14 $241 2,896 $6,264 
LEE 10 208 2,469 6,256 
NOG 0 GSP E ogee ne eed EE 14 282 2,829 8,259 


1 Includes salt brine from Canada through the Detroit Mich., customs district for 1965, 645,481 short tons 
valued at $179,350; 1966, 657,489 short tons valued at $203,866; 1967, 443,457 short tons valued at $128,839. 


Table 13.—U.S. imports for consumption of salt, by customs districts ! 


(Thousand short tons and thousand dollars) 


f 1966 1967 
Customs district —— A 

Quantity Value Quantity Value 

Baltimore, Md____ iio So sh te els oe SL wand 85 $226 179 $490 
Boston, M OG incon ff ³ ee ee 71 870 92 869 
Bridgeport, . DE dads irme 52 240 22 59 
Bufalo N Y ß! TS LL LLL ge 97 584 52 225 
ii boe S a oen ⁰⁰y su S 72 850 181 858 
Cleveland. h ð-v ĩ 52 219 190 806 
Detroit, hh ³ðddſ ⁰m Pe 921 1,495 850 2,205 
Für ³ð³ d y 21 104 48 161 
Juneau, AMS M (2) FEET eee 
Los Angeles, ilk... e E 118 243 175 361 
Milwaukee, Wis__ — ⅛]i§1?2—' ð reu d 43 197 85 392 
New York Clty EE 64 268 46 162 
Norlolk; Vá f ß E (2) 1 12 48 
Ogdensburg, N.Y hf mmm Ee -- (2) 1 (2) 4 
Philadelphia, Paco tee eb oe Leo c eda ee nace me 12 32 22 164 
Portland, Malle... ⁵ð⅛ðU yd ee an oe du 67 420 127 635 
Fh ³oðü ³ðAA x CAM: 135 231 137 171 
Providence, r ⅛ Hy km y S 4 19 26 77 
Rochester; N. Y l 2 odore y cuatlewes (2 (D... -gasaus cases 
SU Albans. «ð Vm ⁵ð EEN 3 18 18 55 
San Juan, Puerto Rico____________-_-_______-_------- Lll Lll ll. (?) 1 6 31 
Savannah: Ga: cr pupu cles y eee ee 8 168 621 157 579 
Seattle, Wah es jr ce Su . ee t 458 768 891 602 
Wilmington, N.C... . xx v 41 109 37 92 
M 0¹˙¹¹A¹vUͥ ¹˙wô ⅛⁰½ ⁰0 = co E 2,479 6,464 2,848 8,541 


1 Includes salt brine from Canada through the Detroit Mich., customs district for 1966, 657,489 short tons 
valued at $203,866; 1967, 443,457 short tons valued at $128,839. 
2 Less than 34 unit. 


WORLD REVIEW 


to the company's chlorine-soda plant at 
Botany, New South Wales.* 

In addition, Norseman Gold Mines N.L. 
and Sumitomo Shoji Kaisha Ltd. of Japan 
agreed to a joint venture to recover salt at 


Australia.—The industry has been in 
the process of developing new production 
facilities to meet demands by domestic 
industry and the Japanese chemical indus- 
try. Shark Bay Pty. Ltd. shipped salt to 


Japan from its first commercial harvest at 
Shark Bay in Western Australia. Salt was 
also produced by Imperial Chemical In- 
dustries of Australia and New Zealand, 
Ltd., at its Port Alma, Queensland, solar 
salt field project. The output was shipped 


Lake Lefroy, 60 miles north of Norseman, 
Western Australia, for export to Japan.“ 


4 Bureau of Mines. Mineral Trade Notes. v. 
65, No. 1, January 1968, p. 27-28. 

5 Bureau of Mines. Mineral Trade Notes. v. 
64, No. 6, June 1967, p. 28. 
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Table 14.—World production of salt, by countries 1 2 
(Thousand short tons) 


Country 1963 1964 1965 1966 1967 P 
North America 
Candee. Eege r 8,722 r 3,989 4,584 r 4,492 5,351 
Caribbean Islands: 

CH TR EE r 257 370 r 3 463 r NA NA 
Leeward Islands 33 8 eg NA 
Turks and Caicos Islands 30 9 e8 NA 
Cubha: zesse MIENTO 99 96 117 e 110 NA 
Dominican Republic 

ock sat r 32 2 rl r NA NA 
Other salt 117 32 29 e 28 NA 
EH ·o»w-ꝛ ⁰³⁰mm y Sun ell 11 11 e 11 NA 
Netherlands Antilles. (4) (4) e2 e2 NA 
G; ³ð1 o ee ua 7 22 2 2 NA 
El Salvador r (4) r 24 r 25 r 21 NA 
Guatemalas 21 20 17 122 NA 
Honduras e 11 ell e 11 e 11 25 
Mei 8 r 1,412 r 1,980 r 2,229 r 2,681 3,671 
Nicaragua- -2222an 1 19 NA 
Panama -aaan 11 12 12 10 NA 
United States (including Puerto Rico): 
Rock salt. 8,345 8,554 9,810 10,080 11,661 
Other salt: 
United States. V 22,296 23,069 24,877 26,383 27,285 
Puerto Rio 8 5 8 11 12 


‘South America: 


Argentina: 
Rock salt. v cs 3 2 r3 r2 NA 
Other salt 300 431 r 807 r 854 NA 
Brazil yxts 8 1,315 831 1,323 1,447 NA 
Chilé oz eid ie E ates cp ceu ELA 53 104 110 224 461 
Colombia 
Roeckl! beds 292 319 809 r 332 342 
Other salt 37 56 t 56 r 89 175 
Sund x Eee 39 39 39 39 NA 
i) es et Ea ö; y he ett sN r 115 147 r 152 191 155 
Venezuela 84 224 190 r 164 e 94 
Europe: 
Austria: 
Rock EEN 1 1 
Other salt____ oe es mcn er 413 r 431 r 444 r 517 466 
EE l unu aa zu Ze Suha ae 116 90 138 e 138 e 165 
Czechoslovakia 206 203 211 r 217 e 220 
SEN A EENEG EE 28 110 
France: 
Rock salt and salt from springs. .... 3,405 3,573 3,663 r 8,749 e 8,748 
Other s allt 667 872 1,241 r 1,173 e 1,213 
Germany: 
East. 2,291 2,291 2,088 e 2,200 e 2,200 
West (marketable): 
Rock salt 5,769 5,957 5,627 r 5,646 e 5,622 
Brine salt. t -222-------- 400 440 483 625 NA 
Greece 91 t 111 r 96 100 NA 
Italy: 
Rock salt and brine salt 2,086 2,244 2,947 r 2,334 e 2,847 
Other salt. 2-2-2 2-2-2222- 1,022 928 1,221 r 1,565 e 1,653 
Maia ee 2 2 3 NA 
Netherlands. 1, 630 1,759 1,882 2,047 2,122 
Poland: 
Rock salt... 2- ------------------ 711 728 743 d 816 e 2 756 
Othersslt... ul ees 1,639 1,743 1,789 r 1,816 Š 
Portugal: 
Rock aalt -222 --aaMMMMMM 87 98 99 108 e 121 
Other aalt -2-2-2-2 -MM 295 256 451 874 NA 
Rumania-____._.__.__....-___..-.------ 1,804 1,994 2,222 2,255 e 2,815 
Spain: 
Rock salt 771 808 r 876 r NA NA 
Other salt 1,101 1,313 t 1,171 r NA NA 
Switzerland 211 201 254 t 209 e 220 
U SIS E a ee EE 10, 538 11,133 e 10,500 e 10,500 e 10,500 
United ngon 
Rock sat 2...20- 842 716 810 1,176 NA 
Other salt 6,317 6,659 6,906 6,929 NA 
Vugosla via 184 203 192 182 185 
Africa: 
Algeria... 2 on ectozeecccerdeesde ee 137 128 128 e 128 e 129 
TE EE 76 89 65 7 e 71 
Cape Verde Ialands ---------------- 82 85 44 er 4d ^ 44 
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4 
Table 14.— World production of salt, by countries ! ?—Continued 
(Thousand short tons) 


Country 1963 1964 1965 1966 1967 v 
Africa Continued 
Ethiopia (including Eritrea) 62. 281 226 207 er 353 e 331 
GOON aie cr rand Se 88 (F) 84 30 40 e 33 
F ³o¹.mꝛ² eon S Tas Duss 19 30 34 35 e 35 
LIDVR.- eee SS Dumai c i sn 21 13 13 r (4) NA 
Malagasy Republic 220 320 160 503 NA 
EE EE EEN NA NA r3 e4 
Mauritius EEN r4 4 4 4 4 
oer. 8 41 67 37 43 22 
Mozambique... l.l 4 33 r 29 NA 
Senegal (including Mauritania 66 62 56 67 66 
Somali Republic 2 7 6 (4) NA 
South Africa, Republic ol 218 331 365 346 325 
South-West Africa, Territory of: 
Rock sait 2-2-2222- 6 6 6 6 e6 
Other sait -2-2-22 aaan 66 108 103 65 e 83 
Sul 88 41 66 57 47 e 44 
KT TEEN 37 36 43 45 e 44 
Tunisia (sales) 340 236 392 862 NA 
Uandſgddaass 8 3 3 3 2 e2 
ga United Arab Republic 432 744 545 691 NA 
sia: 
Aden 95 89 79 79 66 
Afghanistan: 
e . cewek 23 14 20 22 NA 
Other salt 13 13 22 21 NA 
Burr 8 177 140 146 t 130 186 
Ceylon- side oo ice ei a aus e usu san 25 57 86 71 84 
China, mainland ¢_____________.___-_-- 11,600 11,000 14,300 14,300 14,300 
au EE EE a 3 od 6 4 8 
ol e d E EN EE ell 
JFF š 000 5,122 5,184 4,969 6,200 
Indonesia. 495 58 278 e 276 110 
[ran 15. ymx ß Lm en ses 380 243 248 e 248 NA 
lrüg 5 1 Z eral 8 84 e 80 e 66 e 66 e 66 
Israel. ¹˙¹wüm.AAA oos ce cho ma e 57 47 61 r 64 6 
Japan ee mt es 823 984 935 937 1,073 
doten: occ oe ee ee e USER 20 22 22 1 
Korea 
North ez z ul ul oct ĩͤ cewek 500 440 550 r 600 600 
South... be te ame ee eee 254 425 737 433 578 
1). Eeer A oda. ce 8 r4 e6 
E808. 19 ] a a ⁊ NA eg e3 4 3 
Lebanon anaana 21 22 26 28 e 28 
Mongoltae aaa 9 9 9 9 9 
Pakistan: 
Rock salt 267 217 299 845 NA 
Other salt 234 214 246 216 NA 
neee, ß 77 52 * 281 * 202 128 
Ryukyu Islands e? A 3 3 7 7 
Saudi Arabia ; 11 NA NA e3 e3 
Syrian Arab Republi ee 17 18 23 e 22 * 22 
Taiwan- EE 690 664 617 453 571 
Thailand... mn 293 209 207 e 220 e 120 
Turkey t 
Rock salt 33 36 39 35 NA 
Other [ttt 8 406 355 505 279 NA 
Viet-Nam: 
eeng ee 141 e 165 e 165 e 165 NA 
South ur ³·iꝛꝛAA eee ST Susu 216 208 177 e 176 NA 
Yemen___.-. . ſ¶ d mwmtk y ek e 110 e 3399. er 94 e 110 
Oceania: 
Australia_ ee el 651 611 738 r 722 NA 
New Zealand...............-...-...-- 12 24 39 40 NA 
TO 9... 5 4. See eee ee r 105,973 r 109, 276 7119,135 *120,119 111,304 


e Estimate. P Preliminary. r Revised. NA Not available. 

1 E is produced in many other countries put quantities are relatively insignificant or reliable data not 
available. 

? Compiled mostly from data available May 1968. 

3 Exports. 

4 Less than 14 unit. 

$ Includes an average aaa P in the Canary Islands of 15,000 metric tons of sea salt. 

6 Year ended September 10 of year stated. 

1 Year ended March 20 of year following that stated. 

5 Year ended March 31 of year following that stated. 

9 Total is of listed figures only: no undisclosed data included. 


1012 


Brazil.—Union Carbide Pan-American 
acquired control of the Salgema Industrias 
Quimicas Ltda. to develop the rock salt 
deposits in the State of Alagoas.? 


Bulgaria.—A salt deposit has been dis- 
covered near Provadiya at a depth of 3,000 
feet. The dome-shaped deposit has been 
drilled to a depth of 3,000 feet and will be 
mined by the solution method. Production 
wil be used to supply a calcined soda 
plant being developed at Devnniya.’ 

Canada.—Preliminary data indicated 
that Canadian salt production reached 5.4 
million short tons in 1967, about 57 per- 
cent of which consisted of rock salt.“ Dur- 
ing 1966 rock salt was produced by two 
companies in three mines. The bulk of 
Canada's salt exports in 1966 went to the 
United States.? 

Denmark.—Dansk Salt A/S, a Danish- 
Dutch venture and the only Danish salt 
producer, began production in 1966 with 
an output of about 28,000 tons. In 1967 
the company's output was estimated be- 
tween 110,000 and 165,000 short tons. Ex- 
ports of salt to markets in other Scandina- 
vian countries were anticipated.’ 

Dominican Republic.—The Pittsburgh 
Plate Glass Company signed an agreement 
with the Dominican Corp. of State Com- 
panies in October 1967 to study the feasi- 
bihty of developing the salt resources of 
Barahona Province. If salt can be mined, 
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a joint company will be established to 
develop the province’s salt resources. Pitts- 
burgh Plate Glass anticipates using any 
output to supply 300,000 tons of salt an- 
nually to its projected Puerto Rican chlo- 
rine and caustic soda plant.“! 

Peru.—Most Peruvian salt was pro- 
duced by Estanco de la Sal from salt beds 
and from solar evaporation of sea water. 
Domestic consumption totaled almost 120,- 
000 tons. Additional production is expected 
from the evaporation of brine for potas- 
sium recovery, when the Minera Bayovar 
plant comes into production.“? 


Portugal.—4 report has been prepared 
describing the rock salt deposit in the 
Algarve province of southern Portugal. 
Technical and economic problems relating 
to rocksalt mining were discussed and 
recommendations were made.!“ 

United Kingdom.—The only working 
rock salt mine in the United Kingdom is 
located at Winsford in Cheshire. Mining 
on a small scale began in 1844 and con- 
tinued until 1852, production was re- 
sumed in 1928. Improvements begun and 
further modernization in 1960 increased 
productive capacity. The salt of 95 per- 
cent purity is found in two rock salt 
beds, each about 80 feet thick beginning 
at the 260-foot and 400-foot levels re- 
spectively. Only the bottom 20 feet of 
the lower bed is mined.” 


TECHNOLOGY 


A survey of the known salt domes in 
Texas, Louisiana, Mississippi, Alabama, 
and the associated offshore tidelands pro- 
vides information, such as location, depth 
of cap rock and salt, liquid gas propane 
facilities, production of salt and other 
minerals, and rock related to the dome 
structure, for proved salt domes in the 
area. This information is valuable for 


6 Chemical Age (London). Brazilian Rock 
Salt Deposits To Be Exploited by UCC. v. 
97, No. 2497, May 20, 1967, p. 31. 

7 Bureau of Mines. Mineral Trade Notes. v. 
65, No. 3, March 1968, pp. 39-40. 

8 Dominion Bureau of Statistics (Ottawa, 
SE Salt. v. 22, No. 12, December 1967, 


p. 

9 D. H. Stonehouse. Salt. Canadian Mineral 
Yearbook. No. 45, 1966, 6 pp. 

10 Bureau of Mines. Mineral Trade Notes. v. 
65, No. 1, January 1968, p. 27-28. 

11Bureau of Mines. Mineral Trade Notes. v. 
65, No. 1, January 1968, p. 28. 

12Bureau of Mines. Mineral Trade Notes. v. 
64, No. 12, December 1967, p. 45. 


developing economic and marketing 
studies of this four-State area.“ 

Japan, which is dependent on foreign 
sources for its salt supplies, has developed 
processes that utilize salt with varying im- 
purities from different world sources for 
the Japanese chemical industry. A paper 
on the subject provided analysis of the 
impurities contained in salt from the 
various producing Countries IP 


13 Fitch, F. H. Exploitation of Rocksalt De- 
posits at Loule. Organization for Economic 
Cooperation and Development, Paris. Project 
No. AT (67) 13, Jan. 8, 1968, 65 pp. 

14 Chemistry and Industry (London). Mead- 
EE Salt Mine. No. 25, June 24, 1967, p. 


15 Hawkins, M. E., and C. J. Jirik. Salt 
Domés In Texas, Louisiana, Mississippi, Ala- 
bama, and Offshore Tidelands: A Survey. 
BuMines Inf. Circ. 8318, 1966, 78 pp. 

16 Yamaha, Mashio, Hidetomo Suzuki, and 
Kiyoshi Tsukamoto (Ebara-Infilco Company, 
Tokyo, Japan). Advanced Brine Purification 
Process in Japan. Electrochem. Technol., v. 
5, No. 5-6, May-June 1967, pp. 257-261. 


Sand and Gravel 


By William R. Barton’ 


DOMESTIC PRODUCTION 


For the first time in almost a decade, 
sand and gravel production failed to post 
gains. 

The 905 million tons of sand and gravel 
sold or used in 1967 was almost 30 mil- 
lion tons below the corresponding figure 
for 1966, and 3 million tons below that of 


1965. While 1967 output from commercial 
operations declined 2 percent, that from 
Government and contractor operations was 
off 7 percent from 1966. 

1 Geologist, Knoxville Office of Mineral Re- 
sources, Bureau of Mines, Knoxville, Tenn. ; 


formerly commodity specialist, Division of 
Mineral Studies. 


Table 1.—Sand and gravel sold or used by producers in the United States, by classes of 
operations and uses 
(Thousand short tons and thousand dollars) 


Class of operations and use 


Construction: 
Building: 


Unground: 
G 


dach 8 
Grinding and polisin gg 
Blast “l.. 8 


Engine 


Ground 2 


Miscellaneous gravel 


Grand total 
Commercial: 


— - ep c 4 c 4» ep X em s em e s es e gë emp em ep en ep er we wm 4 em gp em 4 — 


Total industriallll 2... LL... 


mm e — e zm ep e a 4 1 e em — c X" Am ep em em 4 X em em ou — ep we en ^ we o oom 


mm ^ — — em o — em b ep wm - om mp —— —æ e Á. A em ew es o ms rn oo 


1966 1967 1 
Quantity Value Quantity Value 
.... 155,652 $163,109 147,250 $157,928 
. 128.692 167/188 118,690 160.335 
.... 184,667 125,205 133,748 129,621 
-... 356,125 945,322 356,241 349, 776 
43,650 26,814 42,246 26,163 
-... 63'848 44, 385 50,935 36.836 
"o 249 226 412 382 
LL... 4,439 3,189 1,865 1,719 
. 7.743 6,781 10,018 9,756 
-... 8,112 9.442 13,086 15,043 
.... 903,177 891,611 874,491 887,537 
.... _ 8,823 27.723 8.937 28.976 
. 101679 29.877 9.459 26.934 
EM 74 1.565 63 1,482 
BER 987 4.826 1,147 6.442 
Ges 555 1,407 496 1.127 
See 836 1.828 816 1.751 
. 489 995 201 572 
Kees 299 2.003 190 1,328 
— 1,735 5.595 1,948 6.260 
. 25,147 75,819 23,833 74,872 
.. 1,213 10,808 1,490 10,983 
.... 26,360 86,622 25,323 85,855 
TEN 4,944 6,749 5, 348 6,942 
.. 934,481 984,982 905,162 980,356 
.... 815,843 368,755 305,170 366,596 
... 863/7154 408.205 362,431 411,768 
.... 82,418 40,002 53,827 43,109 
. 202.406 168.020 183,734 158,889 


! Data may not add to totals shown because of independent rounding. 


? See table 10 for use breakdown. 


3 LDDLON DRE figures for operations by State, counties, municipalities, and other government agencies un- 


der lease. 
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The immense plant has become the 
frequent solution in the battle against rising 
production and labor costs. Proper design, 
centralized control, and larger equipment 
units, have allowed production increases 
without adding more workers. Several 
operations, which give a typical cross sec- 
tion of modern production practices were 
described. 

Orderly planning for optimum use of 
available sand and gravel resources in 
metropolitan areas, within acceptable limits 
of land use, is of increasing importance. 
The industry, zoning officials, and other 
interested parties are seeking a satisfactory 
compromise between those interested in 
the cost and availability of a basic con- 
struction raw material and the preservation 
of the esthetic aspects of our landscape. 

Results were published of two Bureau of 
Mines studies that analyzed aggregate pro- 
ducer relationships with urbanizing 
environments. 

The pressure of financing efforts in Viet- 
Nam affected demand for aggregates ad- 
versely as government construction spend- 
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ing was cut back or delayed. Relatively 
high mortgage rates for private construc- 
tion also were attributed in part to the 
pressure from the dual “war and peace” 
economy built up during 1967. 

The results of the Department of the 
Interior study on the environmental effects 
of strip and surface mining stated that 
sand and gravel operations were respon- 
sible for 26 percent of land disturbed 
annually by surface mining in the United 
States,* second only to that disturbed by 
coal. The nature of sand and gravel opera- 
tions, however, tended to be smaller, scat- 
tered, and in more urbanized areas com- 
pared with the huge coal strip pits. 


2 Rock Products. Aggregate Plant Design 
Issue. V. 70, No. 9, September 1967, pp. 70-89. 

3 Sheridan, M. J. Urbanization and Its Impact 
on the Mineral Aggregate Industry in the 
Denver, Colo., Area. BuMines Inf. Cire. 8320, 
1967, 53 pp. 

Williams, F. E. Urbanization and the Mineral 
Aggregate Industry, Tucson, Ariz., Area. Bu- 
Mines Inf. Cire. 8318, 1967, 23 pp. 

4U.S.Department of the Interior. Surface 
Mining and Our Environment, A Special Re- 
port to the Nation 1967, 124, pp. 
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Figure 1. Production and value of sand and gravel in the United States. 


CONSUMPTION AND USES 


The construction industry, the prime 
user of sand and gravel, consumed 97 per- 
cent of the tonnage, and 91 percent of the 
value of sand and gravel output in 1967. 
The principal consumers of higher priced 
industrial sands are the foundry and glass 
industries. A new synthetic aggregate 
called Sinopal was announced by Martin 
Marietta Corp. during the year. A highly 
reflective, white aggregate with skid-re- 


sistant properties, it is produced by the 
melting and recrystallization of a sand and 
limestone mixture. Visualized markets are 
in top coats on particularly dangerous 
highway and bridge segments and in 
traffic control and safety markings on 
pavements, including lane lines, dividers, 
direction arrows, pavement edges, crossing 
zones, interchanges, and intersections. 


PRICES 


Representative prices for construction 
sand and gravel in various metropolitan 


areas are published each month in Engi- 
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neering News-Record. In December, the 
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following base prices, per ton, were re- 
ported for typical cities. 
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to demand for same, and abundance or 
suitability of competing aggregates. 


and 80 percent of exports. 


FOREIGN TRADE 
As in previous years the bulk of foreign approximately 93 percent of U.S. imports 


Figure 2.—Sand and gravel sold or used in the United States. 
trade in sand and gravel was with Canada, 


These sample cities clearly indicate the lation of available natural size fractions 


diversity of prices, which are dependent 
upon total local supply and demand, re- 
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WORLD REVIEW 


Australia.—A 2-million-ton deposit of 
silica sand, 20 miles from Fremantle, was 
the source of shipments to Hawaii and 
Japan. The deposit, at Jandakot, has a 
reported silica content of 99.5 percent. 

Germany, West.—A dredging operation 
at Wilmar-Kreis in Wetzlar was described.“ 
The deposit was developed to fulfill an 
initial contract for 1 million tons of gravel 
for the construction of the Gieben-Dort- 
mund autobahn. Because of heavy traffic 
on local village streets, coupled with their 
restricted load-bearing capacity, a system 
of conveyors and railroad transport was 
required to deliver the dewatered gravel 
to the job site. 

United Kingdom.—A new sand and 
gravel plant at Spade Oak in the Thames 
Valley typified use of tree screens, land- 
scaping, and asbestos-sheet enclosed proc- 
essing equipment to reduce noise and 
enhance operation appearance.’ 

Seagoing dredges are a major means of 
producing sand and gravel for United 
Kingdom use. High population densities, 


high land values, and legal restrictions on 
land mining, have made the waters sur- 
rounding the British Isles an attractive 
area for exploitation of aggregate raw 
materials. Two of the larger ships, the 
“Pen Avon” and the “A. A. Raymond” 
were described in detail. The “Pen Avon” 
has a hold capacity of 750 cubic yards 
and can hydraulically suction dredge 
gravel beds 15 feet thick at depths up to 
140 feet. The “A. A. Raymond,” with a 
2,000-cubic-yard capacity, has been work- 
ing in shallower depths of water, averaging 
about 60 feet. 

A new range of sand-processing equip- 
ment has been marketed through Neldco 
Processes, Ltd. The line includes a classi- 
fier from which three accurately graded 
size fractions may be drawn simultaneously, 
a standing wave separator designed to re- 
move coal, lignite, and other impurities, 
and a dewatering belt conveyor that re- 
duces sand moisture content to 13 per- 
cent or less within 2 minutes.“ 


TECHNOLOGY 


Modern technologic trends in recent 
years have been toward plant automation, 
central controls, larger equipment units, 
and larger plant size. To a degree, these 
generalities are true for both stationary and 
portable plants, although with portable 
plants the possibilities are obviously more 
limited. To serve large metropolitan areas, 
huge automated plants exploiting large 
deposits have provided greatest efficiencies. 

Installations ranging from 1,500 to 3,000 
tons per hour capacity are increasingly 
common, featuring trucks that will carry 
up to 100 tons with other equipment in 
proportion to match. Such facilities have 
been referred to as “‘super gravel plants." 
They are designed to combat the problem 
of dwindling profit margins by lowering 
unit costs by overwhelming volume. 
Portable plants are designed primarily to 
extract sand and gravel from smaller, scat- 
tered, or more remote deposits, and are 
particularlv adaptable to servicing jobs 
such as highway construction where the 
delivery site may move at frequent inter- 
vals. Larger scale portable plants have been 
achieved by unitization of equipment; 
that is, each operating unit is transported 
independently and then assembled into a 


complete plant by interconnecting the units 
at the selected pit site. In addition to per- 
mitting portability of higher total capacity 
plants, the unitized plant offers flexibility 
by permitting selective changes of units to 
vary capacity or to alter product specifica- 
tions, with resulting lower costs for 
delivered aggregates.! Another noticeable 
trend has been the increased use of semi- 
permanent, or as they are sometimes called, 
mobile plants for use in intermediate 


5 Skillings' Mining Review. Sand Shipped to 
Hawaii. V. 56, No. 10, Mar. 11, 1967, p. 10. 

6 Pit and Quarry. German Dredge and Plant 
Make Base Gravel for Autabahn. V. 59, No. 11, 
May 1967, pp. 179-180. 

7 Cement, Lime and Gravel (London). A New 
Sand and Gravel Installation in the Thames 
Valley. V. 42, No. 12, December 1967, pp. 
385-389. 

8 Cement, Lime and Gravel (London). A 
Sea-Going Dredger With an Unusual Pumping 
System. V. 42, No. 10, October 1967 pp. 322- 
325. 

ay E and Minerals Engineering (London). 
A. Raymond. V. 3, No. 3, March 1967, pp. 
ir 

9 Fisher, R. C. Improved Methods of Proces- 
sing Sand. Cement, Lime and Gravel (London), 
v. 42, No. 2 February 1967, pp. 33-39; No. 3, 
March 1967, pp. 76-79. 

10 Bergstrom, John H. The Super Gravel 
Plant. Rock Products, v. 70, No. 9, September 
1967, pp. 70-76. 

llMatthews, C. W. Asphalt Paving Co.— 
Where The Action Is. Rock Products, v. 70, 
No. 9, September 1967, pp. 86-89. 
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cases where both the stationary and the 
portable installations appear to offer cer- 
tain virtues. In general appearance the 
mobile plants look like a permanent plant, 
lacking the attached running gear of the 
portable plant. However, the components 
are readily disassembled and mounted on 
skids rather than concrete footings during 
operation at a site.“ 

The technology of pit rehabilitation and 
land use planning continued to develop 
rapidly under the pressures generated by 
rapid urbanization and the need for im- 
proving the quality of the human environ- 
ment. The National Sand and Gravel 
Association has been a leader in sponsor- 
ing research in the problem, and published 
results of the planning and implementation 
methodology developed during a case 
study near Laurel, Md.? In the Los 
Angeles area, depleted sand and gravel 
pits perform a civic duty as sanitary land- 
fill sites prior to subsequent utilization for 
purposes such as light industrial parks or 
golf courses. Virtually every sand and 
gravel pit in the area has potential as a 
sanitary landfill for disposal of the 9 mil- 
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lion tons of refuse generated annually in 
Los Angeles County. To permit fill below 
the water table level, experiments are be- 
ing conducted with plastic and jute lin- 
ings and impervious inorganic fill in the 
lower layer. 

Dredge operations for aggregate raw 
materials have been under unique attack 
for despoiling natural waterways with 
sediment. The contributions that dredging 
can make to improving natural waterways 
is less well understood. One operation in 
Texas in which the work performed by a 
sand and gravel dredge operation improved 
the use and value of waterfront property 
in a scenic and resort area was described.!5 


12 Bergstrom, John H. Producing Aggregate 
in the Twilight Zone. Rock Products, v. 70, No. 
9, September 1967, pp. 77-79. 

13 Jensen, David R. Selecting Land Use for 
Sand and Gravel Sites. University of Illinois 
Research Project No. 3. The National Sand 
and Gravel Association, Silver Spring, Md., 
1967, 66 p. 

14 Stern, Enid W. From Gravel Pit to Golf 
Course. Rock Products, v. 70, No. 9, July 1967, 


p. 82-83. 

18 Herod, Buren C. Capitol Aggregates Boosts 
Efficiency by Consolidating Processing Units. Pit 
and 9 v. 60, No. 3, September 1967, pp. 


Table 2.—Sand and gravel sold or used by producers in the United States 


(Thousand short tons and thousand dollars) 


Sand Gravel Total 
Year —— z — 
Quantity Value Quantity Value Quantity Value 
1968 — ——dP P 813,978 3338, 500 507,872 3508, 772 821,850 3847,272 
1964... 2 . ð 8 326, 641 358,129 541, 567 535,246 868,208 893,375 
11) ͥ0.--. ( 352, 785 388,051 555,314 569 , 365 908,049 957,416 
ö; ĩ²⁰ Bie ⁰ ass 368, 321 408,757 566, 160 576,225 934,481 984,982 
%%///ô§Ü;ͤ¹tÜiwüw 8 358, 997 409, 705 546, 165 570, 651 905,162 980, 356 
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Table 4.—Sand and gravel sold or used by producers in the United States in 1967, by 
States, uses and classes of operations 


(Thousand short tons and thousand dollars) 


State 


Arkansas 
California 
Colorado 


Maryland 
Michigan 


Montana 


Nevada 
New Hampshire 
New Jersey.......... 
New Mexico. ........ 


North Dakota 
Ohio__ cuc 
Oklahoma........... 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina....... 
South Dakota 
Tennessee 


Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 
Undistributed........ 


American Samoa 
Panama Canal Zone 
Puerto Rieoo 


Sand, construction 


W Withheld to avoid disclosing individual confidential data: included with Undistributed.“ 


Building Paving 

Commercial Government- Commercial Government- 

and-contractor and-contractor 
Quantity Value Quan- Value Quantity Value Quantity Value 

tity 

2,274 32233838 “ 643 5624 1 $1 
4 190 2 $33 15 47 491 1,653 
2,663 2.991. xs uc 560 665 1,371 1,320 
1,145 1,190 1 W 2,681 3,290 1,396 764 
18,837 22,227 110 127 13,756 15,264 7,777 8,958 
2,072 2,364 25 48 385 487 955 933 
1,707 2.063 c. uu hyo 1,476 1,632 194 73 
312 3535 coed 225 234 MEE RE 
4,975 3,937 2 2222 22a- 522 420 251 174 
2,852 2.508. awk. aaie W N miae 
375 1.196. coe: ui 3 5 9 18 
190 358 14 w 26 27 85 49 
6,575 6.139 2. immu 6,374 5,464 248 144 
4,679 4,130 e shoes 4,057 3,485 45 25 
3,030 2,966 3 1 2,828 2,852 72 40 
3,450 2, 822 165 165 2,207 1,677 1,432 726 
2,496 2.B5À. xim. Z; sss 2,218 . a. esses 
5,097 6,070 ..... 3 3, 654 // ` S uo ewes 
252 C 246 222 1,957 738 
4,130 5306. uisdo EN 1,900 2,711 41 15 
3,061 c see 2,461 2,509 23 20 
6,508 5,990 90 49 5,565 4,550 2,291 1,121 
3,922 o - 3,679 2, 340 1,449 194 
1,021 907 acc. swiss 3,349 3,311 305 763 
3,359 ga E: SEENEN 1,043 966 1 2 
298 506 2 8 121 184 753 722 
2,011 1,643 ..... "E 1,127 1,059 240 225 
594 1,229 1 162 296 126 124 
580 DÜS Sogl tes 544 422 W W 
5,173 5 949. cease `L Seet 3,570 BOOT saan. ` ee ee 
806 1,006 ..... ..... 172 210 248 228 
9, 960 11,823 94 141 3,260 4,189 626 440 
2,563 2,088 uoc. nhan! 726 750 1,930 1,109 
349 II Bete 565 621 1,595 1,577 
7,058 8,0200 22a 8,149 8,732 W W 
1, 534 1,447 ` 2222 wiser 654 625 465 247 
1,288 1,850 22 44 261 321 16 17 
4,855 7,424 2222 aaan 3,678 „ %% 
434 A24 onog usu 290 OOO Societe, ieee 
2,833 J 857 cascs od W NN A is 
62 )) · douse 56 56 1,967 1,964 
2,346 3,144 1 1 1,007 1,672 22 35 
6,073 6,059 61 33 3,726 3,597 1,107 697 
951 1105: i412 sev» 203 219 485 427 
310 289 . ... ..... 208 156 78" 275 
2,332 C 2, 233 1,862 27 10 
2,486 2,744 69 136 744 681 602 609 

1,674 2,442) cece EE 478 , du EE 
4,301 38388 Seduce 2,661 1,924 2,035 949 
131 186 ..... ..... 95 115 2,921 2,921 
JJ 18 503 347 2, 336 829 
EE 157,128 660 800 95,066 97,885 38 , 682 31,736 
3,065 5,982 8 15 2, 360 3,249 413 604 
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Table 4.—Sand and gravel sold or used by producers in the United States in 1967, by 
States, uses and classes of operations—Continued 


(Thousand short tons and thousand dollars) 


Sand, construction—Continued 


i Railroad Fill Other 2 
State ballast — — —— ——— s— I, P-— y 
(commer- Commercial Government- Commercial Government- 
cial) and-contractor and-contractor 
Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity tity 
Alabama hoe, eus 58 $22 occore we W W^ ncc. iesse 
Alaska. -2-2-0 eee iue 31 30 4,821 $5,176 3 $Il aces. 8 
Arizona W W 455 175 355 283 w „ 
Arkansag ...... 2... MnM A W W Läb 69 68 26565. — 
California 16 W 3,609 2,814 504 498 2,701 3,278 3 35 
Colorado W (Y) 329 ny MTS. 9 5 1 1 
Connecticunt ---- RE 393 23 —— 304 322 40 25 
Dees rre‚e See BEES W )) ß ↄ ³A ³² A y Q S. a SE 
Florida... sc ĩð Ses d 399 250 83 49 W Nö · eie 
Georgia eis W We unos Vut ceder: ð xx ß ua Mee E M 
Hawaii.. 2222222 8 oe 1 /// 8 EE 
Idaho... 2. L Luc ee W W 55 BO. cent, See 58 Al 31 34 
Illinoig.____ oe Sec W 484 262 W W ....- ...-.- 
Indiana 14 $14 2,052 1,157 68 BZ? ` ded 8 
lOWS8:- ̃e— r 1, 147 736 3 1 W W 2 1 
Kansas. 27 19 1,049 546 5 3 34 e oru 8 
Kentucky // PRR 741 AIO Mo aiee anaa ĩ AA eG. weds 
Louisiana GER 45 399 W We kem. eiu 
iii. 8 W W 259 126: ux au W W 268 109 
Maryland................. .... ER W | CCW ....- W W ocu 22a 
Massachusetts rs 678 276 [mcn 595 511 9 8 
Michigan. --. 8,401 1,601 919 373 w W 102 44 
Minnesota EEN 1,038 491 103 48 W W 49 27 
Mississippi... ---- ue 15 D. 252582 end 154 I54- arasan ula 
Missouri. ...... LLL... W W 366 324 ...... ..... W FR EN 
Montana 1 1 14 27 254 118 7 11 5 12 
Nebraska .... whe 847 682 2. W W qute. online 
Nevada. (!) 1 111 116 10 11 135 72 10 10 
New Hampshire. E 551 268 20 7 60 A2 aues Llu zl 
New Jersey..............-.. ---- exe 1,358 e e 38 J 
New Mexico... ............ .... Ge W DV RCM 5 T 
New York 2... SE 1,406 746 2,975 1,238 524 482 637 320 
North Carolina W W 127 92 553 342 26 29 477 157 
North Dakota BE 142 138 22a- 1 E ili "Y 
G00» Gees, alle 2 1,413 099. ctu inui 361 260. 5 Gewese 
Oklahoma................. W W 365 1399 - seule 194 145 Ses ote eed 
Oregon. . .. W W 359 279 3 2 39 W 450 366 
Pennsylvania............... .... S 24 20' 65-7 Gum W W 52 79 
Rhode Island... ........... .... 3 W W. naues med W NN dixe 
South Carolina............. .... T 135 REP bance W W. uL owni 
South Dakota. "s 43 21 11 TI. mass 10 5 
ennesgsee____ LL cll... ---- M AND. uxore ˙ AAA eM seer, Set, fet 
Tex. 05. k asnu vous RA 865 514 8 452 630 ..... ....- 
Utah. ⁰vm 88 24 20 128 64 129 111 NJ tides 
Vermont WER MW W ge Lean W W 35 14 
MIFGIRIS oo a ete tod. u E 634 805 34 13 53 CV 
Washingtoõ n 1 1 821 456 ...... ..... 216 443 423 558 
West Virginia — W M usus. desee W TN rms 
Wisconsin W W 1,860 1,005 472 189 W W 129 54 
Wyoming Se 48 52 9 2 soe bee. ` de, seen 
Undistributed.............. 329 326 3,132 1,8938933 1,119 17122; s elues 
CC 412 382 30,499 17,426 11,747 8,737 7,280 7,920 2,738 1, 836 
American Samoa %%%. 8 
Panama Canal Zone REPERTA 54 BT Lo: wenn 
Puerto Rico. .............. .... DEEN 960 817 485 410 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 
1 Less than 14 unit. 


? Includes unspecified. 
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Table 4.—Sand and gravel sold or used by producers in the United States in 1967, by 
States, uses and classes of operations—Continued 


(Thousand short tons and thousand dollars) 


Sand, industrial (commercial)—Continued 


Glass Molding Grinding and Blast Fire or 
State polishing furnace 
Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity tity 

Aa ³ĩðꝛ0. ⁵ W EE 8 Du. Dee 
„ .. ee . hoa! Age KE JJ ͤ ͤ Senate r 
JJJJ)öĩöÜ5dè⁵00äů x ura. u ZS eme 3 W R ce ae 
Arkansas. ................-- W W W NL Mtem 5 
California W W W We eis eae 262 $91,152 W W 
% ðyyy dy ⁰⁰ y and Seet — uM di cee C 3 11 W W 
Conneet eue aaa ee BY 1 $31 W NR Jesds kg" Ee 
Del,, 8 uda ` wt ee eeh t. x E E a 
Neal TEE W W W W ese VELUM 54 403 ... ..... 
Georgia W W W WW W N 
ae ß , . eet MOOR 8 23r c LU 
/ ³˙·¹ beer W ho 22a igh Qn mest w W fees ----- 
Illinois. 1,999 $4,313 1,086 3,571 W W Wo xu meg 
Indiana... 5-2 W w zt e basu w W W 
1% ⁵ ↄ o e ĩ tae Bei W R W „ 
PFI ↄ Z ↄ⁰WQWé ⁵3qi . ²⁰! Ax ] mt 88 r 8 „„ 
fh ð³ðôißi /. y J ĩ¾ͤv u — 2k eie 
hh Seiten une. mt 8 NECEM W We dme (nile 
Meine ---- -22-2-2222 W NN saaie w W. bersi ` Zë „ 
Marviühd-- ⅛%—ò⅛½i‚w e, WRI 86 VC Arere. ake —D ES 
Massachusetts... 2222222 -----. 2222-2. 118 578 8 7 68 ... ..... 
Michigan W W 3,231 6,1989 W W ue. vex: 
Minnesota -2-2-2 -.-2------—- W W W W Lol. xcu W W E ANTL 
Mississippi- ---------------- „ W JJ AAA Uuden, EASE P M PUE 
Missouri. ---.-------------- W W W W W w W W Lex 
Mont ⅛ ͤ x 8 Z Z. EE 1 e 
Nehrs ] . ANS Md E TN REA IDEM te 535 
Nevada ` W W W WW T es QUERN W 
New Hampe 8 X ane u aa 5 
New Jersey 1,031 4,186 1,672 5,269 ... ..... 150 705 W W 
New Mees. ⅛ ] A x 8 a (2) W sas xi 
New f ecu dS, cuc W AM. ¿uske Nees waters Sete 3 
North Carolina. n¶¶s Aide lees Ee vie 535 W „ 
Narr ↄð d ð v ĩð - aoua Ku sus EECH EES 
ët EE W W 475 2,093 ... ..... W W 138 $423 
Oklahoma W W W „„ W W, uem ¿ama 
EIERE 0000000 T 1 4. ct Re K 3 
Pennsylvania W W 157 461 W WW W W "1 228 
Rhode Ian... ---.--- W Wo Ga erada palan Wene HT EORR 
South Carolina.............. W W W W ¿s> Ganes 10 50 W W 
South Dakota. y Boeck. uo us Soe es Ee ete 53 
Tennessee W W 319 992 W W MEM W 
Texas. W W 148 436 ... ..... 269 1,998 W W 
!ù˙ĩ˙ rÜ“ ee ° eek Soe „ W W 
FF ³⁰Ü¹Ü˙¾/J¶VVy ⁰y d NEE SE 
It Ah 8 W Wo nouum. eee EE ONERE 
ie ee De ------ (1) „„ W W ase, Tares 
West Virginia W W W ME. n. tees W W W w 
Wisconsin_-___. W W 995 2,8599 ..... 37 131111 oum 
WYOMING z ZDE aieea ` eet ` ĩ˙ sedans: gh ` ët e. Ed Muda ENEE 
Undistribute c 5,907 20,527 1,306 4,472 639 1,482 338 1,899 287 481 


Total.. . .......... 8,937 28,976 9,459 26,934 689 1,482 1,147 6,442 496 1,127 


American Samoa__________-_. _-_____ _-_---. 22222 222222 % be ets eee S KS Ee 
Panama Canal Zone ____.._ ....-. „ 3%%ͤ ß 8 . 
Puerto EE — ——— ² ↄ V ðZ:ĩdd ö-= . 222a e --.[ 2- SE UN eL mu. Qu s o 


W Withheld to avoid disclosing individual company confidential data; included with “Undistributed.” 
1 Less than 1⁄4 unit. 
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Table 4.—Sand and gravel sold or used by producers in the United States in 1967, by 
States, uses, and classes of operations—Continued 


(Thousand short tons and thousand dollars) 


Sand, industrial (commercial) —Continued 


State Engine Filtration Oil (hydrafrac) Other Ground sand 
Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity tity 

Alabama W "EEN w W 222222 aa 
Alaska. EENG EE Fr EE - ae ees 
AIIZODS.. 5 8 $9. onus W „ 
Arkansas. ............... SIT „ M ru) eet ee W W 
California 54 153 W eee aoe s 55 $230 W W 
Colorado. — JJ ĩ ã ĩðdſ ⁵²D.. ⁊ðͤ vd ĩͤ v ² ͤ ͤ ů AE a E EE 
Connecticut e W %%% T8 
Delaware W We aaua fees eee. ieee pp ²7‚?⁵ a ws, OE 
Filonda W W W „„ W W W w 
Georgia W W W Nö; W W 5 $48 
Hawaii.. „ F ĩ ( 4 IS ees. dete 
dans e W JJ; ͤĩð⁰“¹ü 88 W W 
mins 8 W W W W W W W W W W 
Indiana W J W ee W W W W 
Iowa_____ m-! Se 5 W Jr ²oêo’-’épp p ³²˙¹0u -m ĩð ᷣ ð 8 
Kansas. 27 35 3 W erst, um Re W WwW 124 W 
Kentuckyů y y 10 E. lat 8 2 „ 
Louisiana W W W PCT W W 
e ana N A W W. yess | usa nd 
Marvland dg BB ee Eta” eegend ie er! Eeer W W. AR LAU Gee at 
Massachusetts Em a sele ECL 
Michigan W JJ ¿Eat Gs ee W W W w 
Minnesota W WW: nec All W W eek. ------ W W 
Mississippi 3 zas ! 8 
Missouri W W W W uu ou. fe dss W 261 
Montana 9 ); rer ever VV ᷣ˙0— .iꝓ /.... Gee ete 
Nebraska. . J ᷣͤ “CL eue EU 1 Teese eevee 
Nevada.. ............ READS PNE Le. ee Ee W FFC 
New Hampshire W We sauce eee QS geet 7 be De W OW? 2s Sashes 
New Jersey W W W W W 212 895 W W 
New Mexico ` -222222 Wis mio Rc „ òũð⁰ woke. sles ð ſ 777“ 
New Lokk W W W Wo tee fetes E W W 
North Carolina. W )) ³oA] deut E 
North Dakota `, Ee TEEN 
ORIG s 25s Se eS eee W W W NW xut ed 268 686 W W 
Oklahoma............... W RN uodo (1) W W W W W 
Oregon______ 8 18 Dl. dero ĩ ete toads W We siete, Lethe 
Pennsylvania W WV ¿oss lke, “ihe aee ole 207 486 W W 
Rhode Island 3 J ↄ a ↄ P ĩðò hee ne 
South Carolina W W W Wo ox eee Sieg W W W W 
South Dakota R Exc. eue EEN 
Tennessee W TJ ·¹ AA Sto W W 2263564. anc cuts 
Texa8S -2-2-2222 W W soe oo W W W W 135 530 
(ER d EEN W Wer ‘soe, lus. tes. reales, mo“ mm Stow wee 
Vermont W Wo Seek. Ante, umas e aE gnare s EE 
Virginia... -------------- W J) ͤ ²˙¹·1Am Ee W W W W 
Washington . ETC ergeet e 
West Virginia W W (1) MW. eas Ecc w W W W 
Wisconsin W W W W W % PPP 
e e ete ENEE? 
Undistributecco - 698 1. 493 191 554 190 $1,328 1,199 3,938 965 10,405 

Total _... 816 1,751 201 572 190 1,828 1,948 6,260 1,490 10,983 
American Samoa S „ ꝰð / ðꝰ² . chr. Celtic LEE. unm Rue i ados Sy pis 
Panama Canal Zone Mo NE . , p MED 
Puerto Rico- ...... . )))) ⁵ 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 
1 Less than 1⁄4 percent. 
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Table 4.—Sand and gravel sold or used by producers in the United States in 1967, by 
States, uses, and classes of operations—Continued 


(Thousand short tons and thousand dollars) 


Gravel, construction 


Building Paving 
State Commercial Government- Commercial Government- 
and-contractor and-contractor 
Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity 

Alabama -22222222M 2,286 82,9009 747 5862 1 $2 
RT EE 54 234. 2. Sees 192 496 1,207 3,658 
Ans Aere 1,775 2.569. Lasse ` veier 1,892 2,075 6,539 6,071 
Arkansag . LL LL .22 ll 1,431 / A 4,214 5,275 2,640 1,653 
California 20,739 25, 596 129 $219 28,757 34,989 10,151 10, 856 
Solersd s nuu 2,353 3, 132 3 45 5,144 5, 640 8,727 8,356 
Connecticut 1,288 r oes 794 981 1,374 499 
Delaware. 248 99 Se 1,084 Y eae 
Florida r , , some ala 
Georgia ce ee W NN e mies W õ§ö;” ˙ 
Hawaii 28 8S3 ..... 41 JJ 
Gale es 244 310 20 27 1, 276 1,143 7,880 8,588 
EK, VT o arm 6,936 6,519 ..... aaa 9,500 9,707 2 466 
Indiana 8,263 983 cl aaa 8,154 8,597 873 510 
TOW EE 1,361 2 289! Since we neh 6,699 5,778 2,249 1,426 
Kansas 309 ͤĩ³ð²v¹ 1,180 1,014 1,954 1,029 
Kentuckůꝶũ rr 755 942 62 65 1,082 1,370 412 232 

Louieiang -----------—- 6,174 8.1799. x xus 4,848 7,073 96 
Maine. 6.05 oin 211 215. xeu. ix 672 807 7,320 2,661 

Maryland...............-.-- 2,724 4,971 22222 Luis 2,267 2,931 130 
Massachusetts 2, 973 4,44 3,098 3,416 3,115 2,918 
Michigan- 22-22222222- 6,585 9,198 i aaa 16,604 14,514 5,301 3,225 
Minnesota 3,254 5, 387 3 2 17,943 13, 802 7,708 4,882 
Mississippi- ii 1,416 1,525 vasco 8 7,22 7,759 159 423 
Missouri 1, 808 2.269- LL.2 xz 1,737 1,888 64 66 
Montana__________-_____-_-- 512 686 4 5 1,437 1,134 7,650 6,405 
Nebraeka -2222222222 1,174 1,158 15 8 5,230 5,073 863 789 
Nevada 80 52 1 1,084 1, 104 6, 633 3,257 
New Hampshire 646 8392 6525 88 820 914 2,661 1,068 
New Jersey... -2-2-2222 2,862 5,196 _ 2222 2 1,532 1,938 14 5 
New Mexico 864 1:254 brocs ze 1,133 1,415 11,048 9,878 
New York 2222222- 4,969 JT 4,217 4, 804 6,483 6,885 
North Carolina -2-2  2-.--- 901 1:652- 12^ dua 1,498 1,784 491 356 
North Dakota 333 647 ng. 8 2,52 2,600 8,064 2,955 

Ohio z tke SES 7,357 8,882 2 _ 12,959 16,478 27 
Oklahoma. ..............-..- 126 222 26 29 395 275 
Oregon. 2,348 2, 856 204 292 5,670 6,857 5,728 9,965 
Pennsylvania 2,562 ANAM. ———— Stee 4,147 6.639 slo Dee 
Rhode Island. ` | --- 580 „ 475 DIA. i. 8 
South Carolina. 1,392 W unc foes W NR eats 
South Dakota 472 Cie wees agua 1,384 1,596 8,774 8,620 
Tennesse 876 1,084 ..... ..... 1,813 1,796 741 57 
Texas 7,726 11,462 10 14 5,084 6,212 4,817 4,793 
Utah 5 K eI es 1,24 1,216 86 43 1,138 1,089 4,147 3,707 
Vermont- -2-2-2 2-2-------- 319 446 ..... ..... 356 383 1,512 534 
Virginia- sow 8 1,433 2 139 e, nme 2,307 3,157 162 204 
Washington 3, 756 4, 662 260 319 5,842 5,687 1,621 6,213 
West Virginia 1,500 1,880 ..... ..... 909 LALL 2. bis 
Wisconsin. .................- 4,742 4,180 4 2 16,115 12,502 6,707 4,015 
Wyoming............- . 156 221 3 3 627 633 4,086 4,042 
Undistributed E ete oS sus 385 8,460 ..... ..... 363 68I .— uocem 
Total. vo rc eA exiens 117,827 159, 261 863 1,074 203 889 217, 529 152,352 182,247 
American P ³· tee Secrets. eitoete® (une Seton devedee. ` tee y 8 
Panama Canal Zone ------. ------- „ 2 d papuana un. fue islands 
Puerto Rico 2,779 5,108 9 13 3,006 4,428 265 871 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed.“ 
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Table 4.—Sand and gravel sold or used by producers in the United States in 1967, by 
States, uses, and classes of operations 


(Thousand short tons and thousand dollars) 


Gravel, construction—Continued 


— ẽ— n —ääöJ——dꝶä — ä — — Gravel 
Railroad Fill Other miscel- 
ballast — ä. — — — laneous 
State (commercial) Commereial Government- Commercial Government- (commer- 
and-contractor and-contractor cial) 
Quan- Value Quan- Value un. Value quan: Value auen Value Quan Value 
tity tity tity tity tity tity 
Alabama. W W ....-- W „„ 207 7256 
Alaska 6 314 1,472 $721 14,027 $13,979 2 102 et, 8 
Arizona 7 1 W | )1W ..... ....- 30 49 
Arkansas 21 P 70 ducc A No nt aza aue 
California 251 279 1,458 1,542 1,684 1,235 3,674 4,486 123 $1382 470 644 
Colorado 2 22 452 29 9 et EE 318 416 
Connecticut W 407 210 94 58 W W aeter 133 164 
Delaware. W „CCC W W putu De ng ik E, dee 
Florida. W h dpd aE E a S a 
Georgia W NN 2a W LC PP PESO A aes ees 
HaSWall-- ew l ELE JJ avo SGT as ed: Gee, cots, ee, ¿saat Š 
I 8 93 62 1,006 526 144 129 65 37 3 4 
Illinois... 250 252 1,260 J/J!!ĩ ĩ q CET 
Indiana 19 18 2,388 1,469 7 4 7 PO AA A 
Iowa 44 36 164 111 wes 18 ID ues 8 
Kansas. W W 28 F 24 888 ect, 35 41 
Kentucky W W W 7 ]ð⅛ r.... % ² é“... DEE 3 1 
Louisiana W NR res W M oe eet ( AA pees 
Maine W W 126 69 3 1 W W 3 1 W W 
Maryland......... ...... ..... 823 509 60 42 W. Wir ZZ 22252 W 
Massachusetts 1,093 699 5 3 132 196 2 3 504 420 
Michigan W 419 300 364 158 W Woes es, woe ee 
Minnesota 180 114 1,174 486 179 78 15 I0. €. SLE ete? Lee 
Mississippi w W 36 Sl E E 8 172 229 s KE. U SS z T9 110 
Missouri 8 4 11 V W CW 102 8 
Montana 131 173 181 139 848 374 91 122 29 PJ 
Nebraska W 34 29 L o- N11 Heel 177 186 
Nevada 1 2 222 225 132 130 2 2 33 31 357 532 
New Hampshire 204 100 T 47 DB unies 112 98 
New Jersey .d 558 501 2 1 W W llc ----- W W 
New Mexico 89 45 226 /f ⁰·̃²»A A E EA 48 56 
New York________. W W 2,704 1,656 4,636 2,936 W W 121 51 372 311 
North Carolina W W MAD ocu utu ee, Be y 8 604 1,488 
North Dakota 111 46 101 )) esate / Abee tg 41 
Ohio... hy W W 2,035 1,182 77 37 W W epee oe 574 686 
Oklahoma: u ul u. ͥ ͥͥ ͥ q odes. Seeks wean, 8 2 J ˙¹ A 
Oregon W W 445 251 158 114 52 58 2,498 1, 850 29 18 
Pennsylvania W w 843 ra E. Us 85 120 SE W W 
Rhode Island... .. ...... ..... 283 150. W W W W 
South Carolina 1 W. So mama «r ¹ n a ey d rymʒ k ee, eek 25 W 
South Dakota 4 3 78 64 10 9 1 1 1 1 31 37 
Tennesse. W W 27 29 90 50 W | W ..... ....- W W 
Texas. 1 1 302 186 6 3 256 4888 22an 86 190 
Utah.............. 18 15 260 136 473 U KEEN 84 88 
Vermont W W W NS se. recu. W W 
Virginia___ o cem Se nk 2-2- W W 6 11 W P W W 
Washington 150 103 1,807 1,090 553 289 1,255 1,600 1,495 1,923 W W 
West Virginia W W W W Acasa Sees x i Shee: ae: ⁊²ꝛmlꝛ ꝛð ³³3ĩ 8 
Wisconsin 5 169 101 1,655 808 499 195 1 ö.. 88 
Wyoming 41 25 12 „%%FFF T8 52 44 
Undistributed OE 497 536 1, 1154 690 ` 2222 2222- 2,661 3,2383 872 974 
Total 1. 865 1. 719 24, 790 15. 336 26 26, 145 21. 500 8,712 10,981 ES .974 4,062 5,348 6,942 
American /// ↄð ͥ ² ²ĩ² h ͤ h ³ y teed: --..... y --.-- 
Panama Canal 
ZO. occ ¹·¹¹ iA ⁵ ] «ð«ðĩãͥ xx y y ⅛ K ß 
Puerto Rico____.__ ..... ..--. 577 490 174 148 oes Stes SS eet Cs 


W Withheld to avoid disclosing individual confidential data; included with Undistributed.“ 
1 Less than 1⁄4 unit. 
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Table 5.—Sand and gravel sold or used by Government-and-contractor producers in the 
United States, by uses 


(Thousand short tons and thousand dollars) 


Sand 
Year Building Paving Fill Other 
Quan- Value Quantity Value Quantity Value Quantity Value 
tity 

1968. 55 eck ot An 728 $882 33,285 $28,840 7,076 $8,124 1,483 $668 

19944 8 950 1,401 34,262 26,999 6,335 2,935 1,811 882 

, A 316 328 37,460 29, 695 14, 824 7,112 2, 722 2, 038 

1966. E 808 943 37 , 087 29,702 12,920 8,430 1,663 927 

// tote ss aS 660 800 38 , 682 31,736 11,747 8,737 2, 788 1,836 
Gravel Total government- 

— —ä—. . ———¶üu . — — — and-contractor 
Building Paving Fill Other sand and gravel ! 

Quan- Value  Quan- Value Quan- Value Quan- Value Quan- Value 

tity tity tity tity tity 

196888. 4,110 $4,091 157,671 $132,829 26,379 $21,476 497 $866 231,179 $187,276 
1964... u u. 3,515 3,946 163,872 139,297 35,870 18,030 772 551 247,387 194,041 
1965... 8 1,297 1,028 149,111 133,800 45,143 35,410 1,292 1,347 252,165 210, 758 
1966 8 2,869 3,131 158,709 134,180 39,298 29,268 1,530 1,441 254,884 208,022 
19 —8 863 1,074 152,352 132,247 26,145 21, 500 4,374 4,062 237,561 201,970 


1 Data may not add to totals shown because of independent rounding. 


Table 6.—Sand and gravel sold or used by Government-and-contractor producers in the 
United States, by types of producer 


(Thousand short tons and thousand dollars) 


Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity tity 
Type of producer ——— RP KP — — — ə—Ə—ƏÑ àA-c — —j—! 


1963 1964 1965 1966 19671 
Construction and 
maintenance 
eren. 57,546 $35,945 64,820 $41,451 62,822 $89,611 67,168 $48,821 68,655 $44,908 
Contractor 173,633 151,331 182,567 152,590 189,343 171,147 187,721 164,201 168,906 157,085 
Total. 231,179 187,276 247,387 194,041 252,165 210,758 254,884 208,022 237,561 201,970 
State 146,058 124,138 157,136 130,651 159,758 144,287 150,304 131,921 147,960 133,980 
Counties 57,493 39,728 60,764 41.151 59,730 40,987 60.966 41.978 60,004 41,390 
Municipalities... 3,928 3,436 3,363 2,500 3.278 2.343 2,916 2,576 3,001 2,202 
Federal agencies. 23, 705 19,974 26,124 19, 19,739 29.399 23,141 40,698 81.552 26,596 24,898 
Total. 231,179 187,276 247,387 194,041 252,165 210,758 254,884 208,022 237,561 201,970 


1 Data may not add to totals shown because of independent rounding. 
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Table 7.—Sand and gravel sold or used by producers in the United States, by classes of 
operation and degrees of preparation 


(Thousand short tons and thousand dollars) 


1966 19671 
Quanity Value Quantity Value 
Commercial operations: 
0 ceu E ⅛ͤ k 617,180 8738, 858 609,039 $743,462 
Ufern... 8 62,417 38,102 58, 562 34,902 
WOtal MEME E 679,597 116,960 667,601 118,364 
Government-and-contractor operations: m id E 
Prepared: peu. uer ee eet ree s en ee E 187,348 162 , 442 180,556 160,108 
(BR Re DEER 67 , 536 45,580 57,005 41,880 
WT Otel ⁵ T Lm ee 254,884 208,022 237, 561 201,970 
f ĩð LEE 934,481 984,982 905,162 980, 356 


1 Data may not add to totals shown beacuse of independent rounding. 


Table 8.—Number and production of domestic commercial sand and gravel plants by size 


of operation 
1966 1967 
Annual production Plants ! Production Plants Production 
(short tons) Number Percent Thousand Percent Number Percent Thousand Percent 
of total short tons of total of total short tons of total 
Less than 25,000 2. 544 40. 8 26, 162 3.8 2,609 41.3 26,032 3.9 
2 5, 000 to 50,000 970 15. 6 35,259 5.2 949 15.0 35,164 5.8 
50,000 to 100,000____. 957 15.3 69,457 10.2 1,016 16.1 74,142 11.1 
100,000 to 200, 000 841 13. 5 120,711 17.8 804 12.7 115,065 17.2 
200,000 to 300,000 382 6.1 94,052 13. 3 400 6. 3 96,901 14.5 
300,000 to 400, 000 190 3.0 65,048 10.1 201 3.2 69,570 10.4 
400,000 to 500, 000 116 1.9 52,737 7.8 101 1.6 45,129 6.8 
500,000 to 600, 000 62 1.0 32 , 929 4.8 67 1.1 36,928 5 
600,000 to 700, 000 41 -T 26,945 4.0 32 . D 21,053 3.2 
700,000 to 800, 000 25 4 18,979 2.8 36 6 26,852 4.0 
800,000 to 900, 000 24 .4 20,658 3.0 25 4 21,300 3.2 
900,000 to 1,000,000... 15 2 14,187 2.1 20 3 19,056 2.9 
1,000,000 and over 69 1.1 102 , 473 15.1 55 9 80,409 12.0 
Total 6,236 100. 0 679, 597 100.0 6,315 100.0 667,601 100.0 


! Includes a few companies operating more than 1 plant but not submitting separate returns for individual 
plants. 


Table 9.—Sand and gravel sold or used in the United States, by classes of operation and 
method of transportation 


1966 1967 


Thousand Percent Thousand Percent 
short tons of total short tons of total 


Commercial: 
Truck eed gh See UE E 590,197 63 573, 765 63 
ON EET 54,240 6 57,799 7 
ù ð⁰. unn... dd eons eats wie 32, 596 4 32, 979 4 
PFC ˙Ü¹i ʒ %˖¹e]]n 2, 564 (1) 3,058 (1) 
Total commercial, 679,597 73 667 ,601 74 
Government-and-contractor: Truck: 2222ʒ¶·:s 254,884 27 237,561 26 


j ⅛ »A ee s a 934.481 100 905,162 100 


Grand total 


1 Less than 0.5 percent. 
2 Entire output of Government-and-contractor operations assumed to be moved by truck. 
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Table 10.—Ground sand sold or used by producers in the United States,! by uses 


Pottery, porcelain, and tile 
Unspecified 


(Thousand short tons and thousand dollars) 


1966 
Quantity Value 


Use 


See 288 $2,222 
—— PEN 33 826 
ee LA 162 
——————— cats 123 1,230 
—ÁÀÁ— —— A A — 181 1,534 
pP NECS Dae 225 1,183 
— — d ĩ — 8 219 2,920 
C 180 1,826 
—— K (M 1,213 10,803 


1967 
Quantity Value 


802 $1,844 
39 377 
12 132 

120 1,061 

140 1,115 

334 1,887 

206 2,580 

287 2,587 


1 Arkansas, California, Florida (1967 only), Georgia, Idaho (1967 only), Illinois, Indiana, Kansas, Louisiana, 
Maryland (1967 only), Michigan, Minnesota, Missouri, New Jersey, New York, Ohio, Oklahoma, Pennsylvania, 
South Carolina, South Dakota (1966 only), Texas, Utah (1966 only), Virginia, Washington (1966 only), and 


West Virginia. 


Table 11.—U.S. imports for consumption of sand and gravel by classes 


Year 


(Thousand short tons and thousand dollars) 


Sand, n.s.p.f., crude 


Glass sand 1 or manufactured and 
gravel 
Quantity Value Quantity Value 
11 $39 678 $840 
18 95 631 811 
44 159 588 753 


Total 
Quantity Value 
689 $879 
649 906 
632 912 


1 Classification reads: “Sands containing 95 percent or more silica and not more than 0.6 percent oxide of 
iron and suitable for manufacturing glass.“ 
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Silicon 


By Gilbert L. Dehuff ' 


Several producers of ferrosilicon and 
metallurgical silicon metal were engaged 
in plant modernization and/or expansion, 
or were reaping the benefits of recently 
completed undertakings of this type. The 
same was true for two large producers of 


high-purity silicon for electronic applica- 
tions. Sales of silicon transistors increased 
and silicon was in greater demand than 
germanium for this use in both 1966 and 


1967. 


DOMESTIC PRODUCTION 


Producers of either polycrystal or mono- 
crystal high-purity silicon, or both, in- 
cluded the following: Dow Corning Corp.; 
Fairchild Semiconductor, Division of Fair- 
child Camera & Instrument Corp.; 
Mallinckrodt Chemical Works; Monsanto 
Chemical Co.; Motorola, Inc.; and Texas 
Instruments, Inc. Both Dow Corning and 
Monsanto continued to expand their pro- 
duction facilities. 

On August 31, 1967, Vanadium Cor- 
poration of America merged with Foote 
Mineral Co. to become the latter's Van- 
coram Operations with its Keokuk Electro- 
Metals Co. Division becoming Foote's 
Kemco Division. About October 1, Na- 
tional Metallurgical Corp. became an op- 
erating subsidiary of Kawecki Chemical 
Co. Immediately prior to that time it had 
been a division of Apex Smelting Co., a 
unit of Amax Aluminum Co. Division, 


American Metal Climax, Inc. Pittsburgh 
Metallurgical Co., a division of Air Re- 
duction Co., changed its name to Airco 
Alloys in order to better identify with the 
parent company. 

In June 1967 at Beverly, Ohio, the 
Globe Metallurgical Division, Interlake 
Steel Corp., doubled its capacity to pro- 
duce silicon metal by putting into pro- 
duction its large new No. 7 furnace. Late 
in the year, Foote Mineral Cos Van- 
coram Operations brought into produc- 
tion a new 54, 700-kilovolt-ampere fer- 
rosilicon furnace at Graham, W. Va. Ohio 
Ferro-Alloys Corp. was another producer 
of silicon alloys and metal to increasc 
capacity and obtain cost benefits from 
new furnace additions at its plants. The 


1 Commodity specialist, Division of Mineral 
Studies. 


Table 1.—Production, shipments, and stocks of silvery pig iron, ferrosilicon, and silicon 
metal in 1967 ! 


(Short tons, gross weight) 


Alloy Silicon Producers’ 1 Producers' 
content stocks as of Production Shipments stocks as of 
Type (percent) Dec. 31, 1966 Dec. 31, 1967 

Silvery pig Iron LL 5-20 r 40,281 219,945 210,342 49,907 
Ferrosilicon ROREM 8 21-55 28,056 346,366 327,808 48,172 
P))! E TA 56-70 2,790 43,824 37,996 9,054 
107, ñ 71-80 8,308 84,664 76,989 17,127 
Dons cuori E ui e 81-89 2,217 36,012 34,223 4,288 
;ö»;˙'—ͤ ⅛5»ud. 8 90-95 262 753 623 391 
Silicon metal....................... 96-99 2,811 88, 748 85,703 5,856 
Ferrosilicon briquets. ............... 40—50 1,778 60,930 58,093 4,610 
Miscellaneous silicon alloy. 3,566 27,601 26,372 4,795 


r Revised. 


1 Excludes ferrosilicon used to make other silicon alloys. 
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largest was a 60,000-kilovolt-ampere rotat- 
ing-hearth furnace at Philo, Ohio. 

Airco Alloys and Union Carbide Corp. 
each announced new ferroalloy casting 
processes designed to improve density, 
minimize fines, and facilitate sizing with 
resultant lower costs for the consumer. 
Ferrosilicon appeared to be a particular 
beneficiary. 
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Producers of metallurgical silicon metal 
were Airco Alloys; Kemco Division, and 
Vancoram Operations, Foote Mineral Co.; 
Globe Metallurgical Division, Interlake 
Steel Corp.; National Metallurgical Corp. ; 
Ohio Ferro-Alloys Corp.; Reynolds Metals 
Co.; and Mining and Metals Division, 
Union Carbide Corp. 


CONSUMPTION AND USES 


For the second consecutive year, sales 
of silicon transistors exceeded those of 
germanium, the spread between the two 
almost doubling in 1967 in spite of the 
fact that high-purity silicon transistor 
sales increased only slightly that year. The 
trend toward integrated circuits continued. 
The principal use of metallurgical silicon 
metal (96 to 99 percent silicon) continued 
to be for additions to aluminum and for 
production of silicon chemicals from which 
silicones and high-purity silicon metal were 
derived. Steel, high-temperature and super 
alloys, copper base alloys, and electrical 
contact materials were other uses. Ferro- 


silicon was used primarily for deoxidizing 
steel, to produce silicon alloy steels, and 
for iron castings. However, it also served 
in the thermic reduction of nickel and of 
magnesium. The greater part of silvery 
pig iron was consumed by the iron found- 
ries, but a sizable quantity was also used 
in the manufacture of steel. Use of silicon 
carbide as an auxiliary fuel in basic oxygen 
steel furnaces was said to permit a higher 
percentage of scrap in the feed for these 
furnaces. The carbide continued to be 
used otherwise as a deoxidizer in produc- 
tion of steel. 


Table 2.—Consumption and consumer stocks of silicon alloys and 
metal in the United States in 1967 


(Short tons, gross weight) 


Material 


Silvery pig iron 
Ferrosilicon__________ loo emsse Ri neues cases didi 


Sibcon metal. u, ] ↄ ößßxdk mms c meae in 
Ferrosilicon brioueta ---------------------------- 
Miscellaneous silicon alloys 


! Mainly from 40 to 55 percent silicon. 


Silicon Stocks Stocks 
content Dec. 31, Consumption Dec. 31, 
(percent) 1966 1967 
5-20 32,877 181, 560 20, 470 
121-55 24, 660 286,132 21,563 
56-70 1,681 24,314 1,236 
71-80 6,360 68,196 5,708 
81-90 1,195 7,925 1,094 
91-95 669 2,746 415 
96-99 4,746 56,156 4,338 
40-50 5,021 34,409 6,905 
3 4,701 44,525 4,076 


2 Includes calcium-silicon, calcium-manganese-silicon, silicon-manganese-zirconium, Ferrocarbo (including 
briquets), Alsifer, silicon carbide, magnesiun:- orrosilicon, and other miscellaneous silicon alloys. 


PRICES 


The price for the 50-percent grade of 
ferrosilicon remained unchanged through- 
out 1967 at 13.1 cents per pound of con- 
tained silicon, f.o.b. shipping point, freight 
equalized to nearest main producer, car- 
load lots, lump, bulk. This price was set 
at the beginning of the second quarter of 


1966 when it was increased from 12.7 
cents, same basis. At this same time, the 
price of metallurgical-grade silicon metal 
of 0.35 percent maximum iron content 
dropped 0.2 cent to 18.05 cents per pound 
of contained silicon, at which price it 
remained to the end of 1967. 


SILICON 


FOREIGN 


Of the 11,774 short tons of ferrosilicon 
exported in 1967, West Germany took 
6,822 tons, Canada 1,602 tons, and Mexico 
1,357 tons. The remainder was divided 
among 18 other countries. 


Table 3.—U.S. exports of ferrosilicon 


Year Short tons Value 
(thousands) 

1988588 3 4, 585 51,755 

1966___..... nz 5,812 2,004 

19ͤ eee we 11,774 3,228 


1033 


TRADE 


Imports for consumption of high-purity 
silicon in 1967 totaled 19,213 kilograms 
valued at $2,126,359, or $111 per kilo- 
gram. Percentage contributions on a weight 
basis were from West Germany, 84; Japan, 
9; Canada, 4; Switzerland, 2; and the 
remainder from Italy, France, United 
Kingdom, Denmark, and Belgium-Luxem- 
bourg, in that order. The total imported 
in 1966 was 21,144 kilograms, valued at 
$3,035,607, or $144 per kilogram, with 
West Germany supplying 78 percent and 
Japan 21 percent of the total weight. 


Table 4.—U.S. imports for consumption of ferrosilicon and silicon metal, by grades and 


countries 
1965 1966 1967 
Short tons Short tons Short tons 
—— Value Value Value 
Gross Silicon (thou- Gross Silicon (thou- Gross Silicon (thou- 
weight content sands) weight content sands) weight content sands) 
Ferrosilicon: 
8 percent and less 
than 60 percent 
silicon: 
Canada......... 12,281 2,022 $744 14,121 2,469 $811 10,673 1,846 $621 
France... ...... 6 483 259 149 215 116 67 
Germany, West. . 523 78 87 949 432 258 502 242 144 
Japan 1,208 556 397 2,821 1,089 631 2,621 1,265 698 
V ²˙ü nese eee weed Tͤʃç7¹üù 552 247 180 
Totaal. - 14,018 2,662 1,281 17,874 4,249 1,849 14,563 3,716 1,710 
60 percent and not — 5 7 Y _ An EYE mE 
more than 80 per- 
cent silicon: 
France.........- 1,379 1,054 220 3,867 2,573 1,011 5,493 3,922 1,093 
Germany, West. ..... ......  ...... 2,416 1,480 797 887 545 306 
I ] ð §] ⁵ ⁵ ↄ y ⁰yd y IU. 110 14 
Norway......... 916 697 125 5,013 3,852 743 6,601 5,018 941 
F ò 25260 ` ee ` ebe Salon S n e 27 2 4 
South Africa, 
Republic of 112 87 15 901 697 133 549 420 84 
Sweden ee rcc 1,918 1,450 263 
Total. _ 2,407 1,838 360 12,197 8,602 2,684 15,585 11,468 2,705 
Over 80 percent but not mn i E sn — 
over 90 percent silicon: 
LN, TEEN 55 46 E59 ullum Xm Ett 8 
Italy...........-.... 68 58 15 224 192 58 185 158 41 
ö§ô§1[ßv cx A e 55 44 OY 252585 eanna Ze 
g NC DEE 68 58 15 334 282 77 185 158 41 
Grand total........ 16,493 4,558 1,606 30,405 13,133 4,610 30,333 15,337 4,456 
Silicon metal: KIKI IIS mE 
Canada-...-cm geese sf Sues 1,439 1,337 128. oh AA iai Ritus 
Germany, West (1) (1) 777 ð y vd pee vee ens 
I/ ĩ AA ĩ ͤ v tee (1) (1) 1 39 38 15 
/o ͥͥ ³ðoWiuͥꝓßu⁵ ²ůq— . Reich, ` te, . eos D 5 5 1 
, , ` ber See 86 79 MUS ccc ⁵⁵ß—— 8 
Sweden 8 55 54 J/ͤͤ;v¹ D Zeie Seno 
Totaall. (1) (!) (1) 1,580 1,470 169 44 43 16 


! Less than 1⁄ unit. 
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Tariff.—Presidential Proclamation 3822, 
signed December 16, 1967, authorized 
tariff reductions proposed by the Kennedy 
Round of negotiations earlier in the year. 
“Column 1” or “favored nation” rates of 


TSUS Item 
No. 
607.50  Ferrosilicon, 8 to 60 percent silicon. . 
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duty (applicable to most countries) for 
the calendar year 1968 for various grades 
of ferrosilicon and silicon metal became 
effective January 1 as follows: 


1967 rate 1968 rate 


0.72 cent per lb. 0.5 cent per lb. 


Si content Si content 
607.51 Ferrosilicon, 60 to 80 percent silicon. 0.84 cent per lb. 0.75 cent per lb. 
Si content Si content 
607.52 Ferrosilicon, 80 to 90 percent silicon. 2 cents per lb. 1.8 cent per lb. 
Si content Si content 
607.53 Ferrosilicon, over 90 percent silicon.. 4 cents per lb. 3.6 cents per 
Si content lb. Si content 
632.42 Silicon metal, not over 99.7 percent 4 cents per lb. 3.6 cents per 
silicon. Si content Ib. Si content 
632.43 Silicon metal, over 99.7 percent 10.5 percent ad 9 percent ad 


silicon. 


These will be stepped down annually until 
January 1, 1972, when the 8- to 60-percent 
grade of ferrosilicon will be free of duty 


WORLD 


Canada.—Plans for a 7,000-ton-per-year 
silicon metal smelter to be erected at 
Chicoutimi, Quebec, by Chicoutimi Silicon 
Ltd. were changed to provide for a 25,000- 
to 35,000-ton-per-year ferrosilicon smelter 
instead. Union Carbide Canada Ltd. re- 
placed Metal Mines Ltd. as one of the 
four owners, and assumed responsibility 
for manufacture and sales. Quartzite or 
sandstone from its quarry at Melocheville, 
Quebec, will provide the necessary silicon, 
and plans called for export of much of 
the ferrosilicon product. Aluminum Com- 
pany of Canada Ltd., one of the four 
partners, will continue to purchase its 
silicon metal requirements from Union 
Carbide’s Beauharnois, Quebec, plant and 
elsewhere. 


Japan.—Fuji Iron and Steel's subsidiary, 
Nippon Denko KK, was reported to be 
increasing its capacity to produce silicon 
metal by 4,000 to 5,000 tons per year by 
installation of an 8,000-to 9,000-kilovolt- 
ampere furnace at its Fukushima works. 
The company’s production for the 1967 
fiscal year was estimated to be 10,000 
tons; that of Showa Denko and Shin-Etsu 
Chemical Industry Co., each 4,500 tons; 
and Tekkosha, 2,000 tons. Consumption 
for the same period was expected to be 
22,000 to 23,000 tons, an increase of 10 
percent due largely to increased demand 
from the Japanese aluminum industry.’ 


valorem valorem 


and the duty on the other items will be 
half or roughly half that effective in 1967. 


REVIEW 


Dow Corning International Ltd. joined 
with Toyo Rayon Co., Ltd., in 1966 on an 
equal participation basis to form Toray 
Silicone Co., Ltd., for the purpose of pro- 
ducing and selling silicone products. The 
two established Japanese producers, Shin- 
Etsu Chemical Industry and Tokyo Shi- 
baura Electric (Toshiba), both held Dow 
Corning and General Electric patent 
licenses. Dow Corning International also 
was reported as seeking the approval of 
the Japanese Government for a joint 
venture with Shin-Etsu to produce and 
sell high-purity silicon of semiconductor 
grade. Shin-Etsu was to have a 55-percent 
interest and Dow Corning 45 percent? 


Korea, South.—Korean Electric Ferro- 
Alloy Co., a quasi-government concern 
producing ferromanganese at Seoul, placed 
a contract with a Japanese firm for an 
electric furnace that will produce ferro- 
silicon at a 5,000-ton-per-year rate.“ 


Norway.—A/S Hafslund was reported 
to be doubling its production capacity of 
ferrosilicon by installation of a new 30,000- 
kilovolt-ampere furnace at its Sarpsborg 
plant. Elektrokemish A/S was reported to 


2 Metal Bulletin (London). No. 5248, Nov. 14, 
1967, p. 27. 

3 Chemical & Engineering News. V. 44, No. 
53, Dec. 26, 1966, pp. 10-11. 

iMetal Bulletin (London). No. 5086, Apr. 1, 
1966, p. 20. 


SILICON 


have placed its new Salten Verk smelter, 
at Fauske in the northern part of the 
country, in operation in the first half of 
1967. The furnace, claimed to be the 
largest of its kind in Europe, had capacity 
to produce 24,000 tons of ferrosilicon per 
year. In 1966, the company took over 
control of Porsgrunn Elektrometallurgiske 
A/S which has been in operation since 
1915 and is a producer of ferrosilicon, 
silicomanganese, and ferromanganese. Be- 
cause of air pollution problems in the 
densely populated area at Porsgrunn, fer- 
rosilicon production will be shifted to the 
large modern furnaces of Elektrokemish 
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A/S at its Fiskaa Verk and Salten Verk 
plants. Plans for Porsgrunn called for in- 
stallation of a large new closed silico- 
manganese furnace. 


United Kingdom.—At its Ruabon 
(Denbighshire) plant, Monsanto Chem- 
icals Ltd. planned an increase of 1,000 
kilograms in annual capacity to produce 
high-purity silicon rods up to 40 milli- 
meters in diameter by the _ float-zone 
method. The plant output includes other 
high-purity silicon products.? 


—— 


5 Metal Bulletin (London). No. 5246, Nov. 7, 
1967, p. 24. 
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Silver 


By J. Patrick Ryan’ 


The domestic silver situation in 1967 
featured a sharp falloff in mine and re- 
finery production attributed to the copper 
strikes, and a rise in the New York price 
of silver to a record high following the 
termination of Treasury sales at $1.29 per 
ounce. 

Domestic industrial consumption of 
silver dropped appreciably from its 1966 
peak, and coinage consumption continued 
its downward trend from the record level 
of 1965. Heavy withdrawals for com- 
mercial use and coinage reduced the 
Treasury bullion stock to 348.3 million 
ounces at yearend. The New York Com- 
modity Exchange showed record highs for 


trading volume, price levels, and bullion 
stocks. 

The United States for the second con- 
secutive year was a net exporter of silver, 
as outflow to foreign countries exceeded 
inflow. 

World silver production declined owing 
largely to the falloff of output in the 
United States and Mexico. Free-world con- 
sumption of silver for industrial use and 
coinage dropped appreciably. Speculative 
holdings and inventory accumulation rose 
to a record high. 


1 Commodity specialist, 
Studies. 


Table 1.—Salient silver statistics 


United States: 
Mine production EN thousand troy ounces. . 
FF)... bees thousands 
Ore (dry and siliceous) produced: 
Gold ore thousand short tons 
Gold-silver ore do.... 
Silver ore -a-a do.... 


Percentage derived from— 
Dry and siliceous ore s. 
Base-metal ore s 
Refinery production. -thousand troy ounces 
Exports lL oir ee S 
Imports, general 2... ------------ do.... 

Stocks Dec. 31: Treasury ? 
million troy ounces. . 

Consumption—industry and the arts 

thousand troy ounces. . 


NET m f do- 

III per troy ounce 
World: 

Production............ thousand troy ounces. . 


Consumption *—industry and the arts 
. thousand troy ounces. - 
G EE do.... 


r Revised. 

1 Excludes coinage. 

? Includes silver in silver dollars. 
3 Average New York price. 


Division of Mineral 


1963 1964 1965 1966 1967 
35,243 36,334 39,806 43,669 32,119 
$45,076 $46,980 $51,469 $56,464 $49,784 
2,460 2,631 3,113 2,580 2,315 
223 224 205 248 157 
587 644 902 1,069 904 
33 32 35 33 39 
67 68 65 67 61 
e 35,000 37,000 * 39,000 48,858 30, 268 
31,485 109, 395 39, 665 85,538 70, 769 
59, 062 51, 674 54, 709 63,032 55, 520 
1. 583 r 1,218 r 804 594 351 
110,000 123,000 137,000 183,696 171,081 
111,493 203,000 320, 321 53,852 43, 851 
51.279 51.293 31.293 31.298 81. 550 
249,982 248,551 256,362 266, 564 260, 820 
r 260,700 * 304,200 * 346,600 390, 200 377, 400 
167,000 264, 500 * 380,600 106, 400 78,200 


3 Free world only. Source: Handy & Harman, The Silver Market In 1963-65; Handy & Harman and U.S. 


Bureau of Mines 1966-67. 
5 Free world only. 
U. S. Bureau of the Mint. 


Source: Handy & Harman, The Silver Market in 1963-67. 
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Legislation and Government Programs. 
—Treasury-sponsored legislation (H.R. 
7476, S. 1352), enacted as Public Law 
90-29 on June 24, 1967, authorized the 
Secretary of the Treasury to write off 
up to $200 million in silver certificates 
that were judged to have been destroyed 
or lost. The legislation also restricted the 
time in which silver certificates could be 
redeemed in silver to one year, ending 
June 24, 1968. The new law also directed 
the Secretary of the Treasury to hold 165 
million ounces of silver in reserve for the 
strategic stockpile, and authorized the 
sale of any remaining silver at not less 
than $1.29 per ounce. 

On recommendation of the newly- 
created Coinage Commission, which held 
its first meeting on May 18, and in re- 
sponse to the extraordinarily heavy 
demand for silver which threatened to 
exhaust the Treasury’s remaining free 
stocks, the Treasury restricted future sales 
of silver to domestic users. The melting 


Operator 
B. L. M. W. Mining Co 
Resource Americas Cord 
Spokane National Mines, Inc.... 
P. W. Beck leads 
Betty O'Neal Silver, Ine 
Cardiff Industries, Ine 
Mascot Mines, Inc.............. 
Great Basin Exploration CO. 
Donald C. Gilbert. ............. 
Don H. Clair, et al............. 
Thomas F. Miller............... 
Beardsley Gulch Mining Co...... 
Busty Belle Mines, Inc.......... 
Silver Cloud, Inc............... 
Tempiute Mining Co............ 
C. R. Bennett.................. 
Big Treasure Mining & 
Development Co. 

Congdon & Carey.............. 
Exploration Limited............ 
Double Rainbow Mines, Inc..... 
Great Eastern Mines............ 
Oxley Petroleum Co 
Roy Pray & Assoc.............. 
Ventura Oil Co 
Development Operating Corp.... 
Janus Mining Co............... 
Silver Queen Explorations....... 
A & B Silver Mines............. 
Robt. C. Hanford.............. 
Inca Mining Coo 
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and export of silver coins was prohibited 
to assure a continual, orderly transition 
to the new coins. 

On July 14, again on recommendations 
of the Coinage Commission, sales of silver 
at $1.29 per ounce were halted and future 
sales were limited to 2 million ounces per 
week on an auction basis. 

A bill (H.R. 11386) prohibiting the 
further use of silver for coinage was in- 
troduced in Congress on July 12 and re- 
ferred to the Banking and Currency 
Committee. No further action was taken. 

Thirteen contracts for silver exploration 
totaling $1,235,620 were executed during 
the year under the financial assistance 
program administered by the Office of 
Minerals Exploration, U.S. Geological 
Survey. The Government provided about 
75 percent of the exploration costs. The 
following exploration contracts for silver 
or silver-gold were active or in force at 
yearend: 


Location T'otal Cost 
Madison County, Mont $20,550 
San Bernardino County, Calif...... 32,088 
Beaverhead County, Mont......... 33,880 
Culberson County, Tex........... 16,800 
Lander County, Nev.............. 90, 240 
Salt Lake County, Utah........... 10,500 
Jefferson County, Mont........... 28,200 
Mineral County, Nev............. 33,000 
Santa Cruz, Ariz................. 14,000 
Esmeralda, Nev.................. 44,200 
Box Elder, Utah................. 78,800 
Custer, Mont UPE :' t. 44, 680 
Fourth District, Alaska........... 34,200 
Humboldt, Nev.................. 32,000 
Lincoln, Ne 40,000 
Cascade, Mont................... 66,220 
Pinal ENER 16325 xe Ed 112,000 
Custer, a o⅛· a hs 54,660 
Nye County, Nev................ 40,000 
Lawrence County, S. Dak......... 312,180 
San Juan County, Colo........... 81, 200 
Clear Creek County, Colo......... 194,400 
Hinddale County, Colo.......... ae 64,640 
Ouray County, Colo.............. 81,600 
Jefferson County, Mont........... 90, 000 
Madison County, Mont........... 87,600 
Beaverhead County, Mont......... 51,600 
Lincoln County, Nev............. 72,000 
Yavapai County, Ariz............ 30, 000 
Pershing County, Nev............ 81,600 


SILVER 


The Bureau of Mines continued its 
survey of the Nation’s silver production 
potential and made an economic appraisal 
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of domestic primary silver resources that 
were minable at current cost-price levels 


and technologic conditions. 


DOMESTIC PRODUCTION 


Mine output of recoverable silver 
dropped sharply in 1967 because strikes 
against major copper mining and smelting 
companies cut off most production of by- 
product silver during the second half of 
the year. The strikes, which began in mid- 
July, reduced the output of silver-lead-zinc 
ores as well as silver-bearing copper ores, 
and cut overall production of silver to 
about 40 percent of normal during the 
last quarter. 

Idaho's silver production, largely from 
silver-lead ores, was down about 14 per- 
cent owing principally to the shutdown of 
operations at the Galena mine, the State's 
second largest silver mine, and to a lesser 
extent to the shutdown of the Lucky 
Friday mine in mid-October. In Montana, 
a 60-percent drop in production resulted 
from closing Anaconda's copper mining 
operations, which yield byproduct silver. 
Similarly, silver production in Utah and 
Arizona dropped 36 and 27 percent, re- 
spectively, owing to closure of copper 
mines, from which most of the silver is 
recovered. These four States, however, 
furnished nearly 90 percent of total 
domestic production. 

Affected by the long copper strike, ores 
mined chiefly for copper, lead, and zinc, 
which normally produce two-thirds of total 
domestic silver, furnished only 60 per- 
cent in 1967; the remaining 40 percent 
was recovered from ores in which silver 
is the principal metal. Of the 25 leading 
silver-producing mines, which contributed 
85 percent of total domestic output, only 
four in Idaho depended chiefly on the 
value of silver in the ore. Fight of the 
mines produced over 1 million ounces 
each, supplying 58 percent of total 
domestic output. Domestic mines contrib- 
uted about 19 percent of the total silver 
used in the Nation's arts and industries. 

Sunshine Mining Co., the leading silver 
producer, reported that it recovered 7.7 
million ounces of silver from treating 
239,915 tons of ore averaging 32 ounces 
of silver per ton, about 300,000 ounces 
more than in 1966. Ore reserves at year- 
end totaled 842,480 tons averaging 40 
ounces of silver per ton. Lead, copper, 


and antimony are also recovered from the 
ore? 

Hecla Mining Co. reported a total silver 
output of 6.15 million ounces, compared 
with 7.07 million ounces in 1966, from 
five operating mines, including a one-third 
interest in the Sunshine unit area and a 
30-percent interest in the Star-Morning 
unit. The Lucky Friday mine in the Coeur 
d’Alene district, Idaho, treated 145,470 
tons of ore assaying 16.9 ounces of silver 
per ton, 10.8 percent lead, and 1.1 per- 
cent zinc, yielding 2,414,191 ounces of 
silver. The reduction in tonnage from the 
previous year reflected the shutdown of 
operations on October 15 by a labor strike. 
Development on the 3,450-foot level dis- 
closed favorable ore characteristics. Ore 
reserves at yearend increased from 658,000 
to 677,000 tons. The company reported 
plans for extensive deep-level exploration 
of adjoining properties. At the Mayflower 
mine in the Park City district, Utah, Hecla 
mined and treated 127,180 tons of ore 
assaying 0.57 ounce of gold per ton, 4.7 
ounces of silver, 4.5 percent lead, 4.0 per- 
cent zinc and 0.9 percent copper, yielding 
535,130 ounces of silver. Estimated ore 
reserves dropped 54,000 tons, to 331,000 
tons at yearend. At the Silver Summit 
mine the company milled 26,870 tons of 
ore assaying 20.1 ounces of silver per ton 
and 0.6 percent copper, yielding 528,590 
ounces of silver. Estimated ore reserves 
increased 3,000 tons, to 34,000 tons at 
yearend. The Star-Morning mines pro- 
duced 228,021 tons of ore assaying 2.6 
ounces of silver per ton, 5.1 percent lead, 
and 8.8 percent zinc. Ore reserves totaled 
1.12 million tons.® 

The Bunker Hill Co. reported mine pro- 
duction of 3.2 million ounces of silver, 0.5 
million ounces more than in 1966, from its 
three operating units, including a 70-per- 
cent interest in the Star-Morning mine. 
The grade of ore at the Crescent mine rose 
to 56 ounces of silver per ton and silver 
output rose 71 percent, to 1.4 million 


2 Sunshine Mining Co. 1967 Annual Report. P. 


3 Hecla Mining Co. 1967 Annual Report. Pp. 
8-10, 13. 


1040 


ounces, more than offsetting declines at 
the Bunker Hill and Star-Morning mines. 
The three mines aggregated ore reserves 
of 5.4 million tons compared with 5.6 
million tons at the end of 1966.4 

Data reported by smelters and refiners 
indicate that about 33 million ounces of 
silver was recovered from old scrap mate- 
rials and returned to industrial use. Most 
of this secondary silver was reclaimed from 
the treatment of photographic wastes, dis- 
carded electrical and electronic equipment, 
sterling ware, and jewelry. 

In a survey by the Bureau of Mines, do- 
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mestic primary resources of silver were 
estimated at 4,900 million ounces, of 
which about 1,300 million ounces was 
classified as reserves in operating mines 
recoverable under current economic and 
technologic conditions. The remaining 
3,600 million ounces could be mined at 
prices up to $3 per ounce. About 62 per- 
cent of total resources is contained in 
precious metal ores and 38 percent in base 
metal ores. 


*'The 1967 Annual Report of the Bunker Hill 
Co. Pp. 2,3,12. 
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Figure 1.—Silver production in the United States and price per ounce. 
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CONSUMPTION AND USES 


According to data compiled by the Bu- 
reau of Mines, industrial consumption of 
silver dropped about 7 percent compared 
with 1966, the first such decline in domes- 
tic silver consumption since 1963. Although 
consumption declined in most major cate- 
gories, particularly electrical and elec- 
tronic and brazing alloys, appreciable in- 
creases were noted in photographic and 
catalytic uses. The expanding use of bi- 
metals in place of solid alloys largely ac- 
counted for reduced consumption of silver 
in the electrical field even though the 
number and variety of electrical applica- 
tions has increased. The more efficient use 
of silver in photographic film emulsions 
has reduced the unit quantities required, 
but this economy was more than offset by 
greater volume. 

A silver-palladium electrode paste, de- 
veloped for use in printing microminiature 
circuits, provided better conductivity, more 
ease in handling, and greater adaptability 
to mass production techniques compared 
with other precious metal pastes. 

Silver plating improved diffusion bonds 
between dissimilar metals, according to 
results of Boeing Co. tests for joining ti- 
tanium alloys to aluminum, stainless steel, 
and Inconel. Minimum temperatures 
ranging from 1,100? to 1,300? F and 
pressures ranging from 5,500 to 30,000 
pounds per square inch (psi) were used. 

A water-cooled silver boat, developed 
for growing high-purity crystals, may find 
increased use in moderately high-tempera- 
ture processing to achieve high-purity 
castings. Silver is used as the crucible or 
boat material because of its high electrical 
and thermal conductivity coupled with 
good reflectivity. When the silver boat is 
surrounded by an induction coil, it acts 
as a single turned secondary coil and large 
currents are induced to flow. Because of 
the shape of the boat, electromagnetic 
repulsion occurs between the boat and the 
charge. The resulting levitation of the 
melt prevents contamination by the cruci- 
ble. 

Silver-impregnated graphite improved 
the life of spherical bearings on helicopter 
rotors by more than 470 hours. Subject to 
high centrifugal forces and exposed to 
sand, dust, and salt water corrosion, pre- 
viously-used bearings lasted no longer than 
30 hours and required frequent lubrica- 
tion. The new bearings, grade P-5AG TC, 


have a compressive strength of 45,000 psi 
and high resistance to chemical and elec- 
trolytic corrosion, and can operate with- 
out lubrication both in an oxidizing at- 
mosphere and in a neutral atmosphere up 
to 500° F. 

A silver-zinc battery pack in the front 
and rear compartments of a 1966 Corvair 
chassis provided the power for the General 
Motors Corp. test vehicle, Electrovair II. 
Silver-zinc batteries were used because of 
their ability to develop high peak power 
and good energy storage. Electrovair ac- 
celerated from 0 to 60 miles per hour in 
16 seconds and can attain speeds as high 
as 80 miles per hour. It can travel 40 to 
80 miles before recharge. | 

Silver and gold electroplated contacts 
were used in wedge action relays for ad- 
vanced electronic systems in aircraft, mis- 
sies, space vehicles, and computers. The 
precious metals enable extremely low con- 
tact resistance, 0.012 to 0.015 ohm con- 
stant within 15 million ohms, for more 
than 100,000 operations. As a result, the 
device provides the highest confidence 
level ever achieved in an electromechani- 
cal relay—a failure rate of 0.001 percent 
in 10,000 operations. 

Silver and platinum electrodes were 
used in a sensing device developed by 
Diamond Alkali to control the use of 
chlorine in the pulp bleaching process. 
The instrument senses the oxidation-reduc- 
tion potential of the solution and trans- 
mits a millivolt signal to a control unit, 
which regulates the rate of chlorine flow. 

A new conductive coating made of very 
fine silver particles dispersed in a rapid 
air-drying resin was marketed by Acheson 
Colloids Co. The new coating provides 
excellent electrical conductivity with a 
volume resistivity of 0.01 ohm-centimeter. 
It adheres readily to a variety of surfaces, 
including metal, plastic, glass, ceramic, 
paper, and rubber, and is heat resistant to 
250? F. Typical applications include elec- 
troforming, sensing inks, electrostatic 
screening, potentiometer tracks, capacitors, 
electrodes, Mylar tape, and printed cir- 
cuits. 

A silver dressing, applied to the ro- 
tating component in aircraft engines by 
Universal Machines Co., enables an ac- 
curate fit between mating parts, promotes 
anti-seizure characteristics, and provides 
a tight seal to minimize air leakage and 


1042 


thus increase engine efficiency. The flame- 
spraying technique, by which the silver 
alloy coating is applied has also proved 
effective for economical maintenance op- 
erations during engine overhauls. 

The Army Institute for Exploratory 
Research designed a solid-state silver bat- 
tery for use as a sensing device. The bat- 
tery is essentially a small pellet of com- 
pressed  silver-iodide powder carrying 
vacuum-deposited thin films of silver and 
platinum on opposite faces. The battery 
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is rechargeable for at least 50 cycles, and 
the open-circuit voltage (about 0.6 volt 
per cell) is a function of the state of 
charge. When the deposited films are very 
thin, the battery is so sensitive to even a 
minute current drain that it will act as a 
sensing device. When the films are rela- 
tively thick, the device acts much like an 
ordinary power source. These features are 
expected to lead to radically new circuit 
designs. 


STOCKS 


Although the withdrawal of silver for 
coinage from the Treasury bullion stock 
dropped sharply, sales and redemptions 
for commercial use increased substantially. 
The total outflow of 243.6 million ounces 
reduced the Treasury stock to 348.3 mil- 
lion ounces. An additional 2.3 million 
ounces was contained in silver dollars. The 
outflow included 43.8 million ounces for 
minting 40-percent-silver half-dollars, 42.0 
million ounces auctioned in General Serv- 
ices Administration (GSA) weekly sales, 
and 157.8 million ounces sold otherwise 


or redeemed by silver certificate for com- 
mercial use. 

Most of the 157.8 million ounces with- 
drawn for commercial use was absorbed 
into industry and private stocks or was 
exported. Stocks of silver held by refiners, 
dealers, and fabricators totaled 54.1 mil- 
lion ounces at yearend, slightly less than 
at the end of 1966. About 31.2 million 
ounces of silver was held in Commodity 
Exchange warehouses at yearend, com- 


pared with 2.2 million ounces at the end 
of 1966. 


PRICES 


After nearly 4 years of relative price 
stability, the termination of Treasury 
sales of silver at 129.3 cents per ounce in 
mid-July brought a sharp rise in the New 
York price which, with wide fluctuations, 
reached a record high of $2.17 per ounce 
in November. 

Early in the year the heavy rate of 
withdrawal for commercial use threatened 
to exhaust the available free stock of silver 
and bring a sharp rise in price. In March, 
to prevent the possible widespread with- 
drawal of silver coins from circulation, 
which might result if the price rose much 
above 129.3 cents, the Treasury sought 
Congressional authority to write off addi- 
tional silver certificates to release more 
silver into free stocks and maintain price 
stability. 

The Treasury's action on May 18, lim- 
iting sales of silver at 129.3 cents per 
ounce to domestic users, and prohibiting 
the melting and export of silver coin, im- 
mediately created a dual-price situation. 
Prices jumped sharply on the London 
market and the New York Commodity 
Exhange. At the same time the New York 


prompt price, published by Handy & Har- 
man, increased slightly to 130.1 cents per 
ounce, and to 130.5 cents per ounce on 
July 5, reflecting additional transporta- 
tion, handling, and testing costs. As the 
price of unrestricted silver soared to 170 
cents per ounce, non-Treasury silver, in- 
cluding newly mined silver and some sec- 
ondary silver, tended to flow to premium 
markets. 

The dual-price situation was eliminated 
when, on July 14, the Treasury halted 
further sales at 129.3 cents per ounce and 
announced that future sales would be 
made by auction. The New York price, 
quoted by Handy & Harman, reflecting 
the change in the Treasury sales policy 
and the impact of the commencement of 
the strike against major nonferrous metal 
refining companies, jumped 43 percent, to 
187.0 cents per ounce, comparable with 
other major world markets. Weekly auc- 
tions by GSA beginning on August 4 
brought temporary price stability. How- 
ever, speculative demand, following the 
devaluation of the pound Sterling, in- 
creased the New York price to a high of 
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217 cents near the end of November after 
which it declined to 210 cents per ounce 
as the year closed. 

Since Treasury silver sold by GSA was 
limited to domestic industrial consumers 
and not available for speculation, pre- 
mium prices developed on the London 
market and on the New York Commodity 
Exchange. The volume of trading on the 
Commodity Exchange (COMEX) estab- 
lished a new record of 1,500 million 
ounces, compared with about 100 million 
ounces in 1966. COMEX prices ranged 
from 128.7 cents on January 26 for Feb- 
ruary 1967 delivery to 247.0 cents on 
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December 29 for May 1969 delivery. At 
yearend open contracts for 257.4 million 
ounces were outstanding, compared with 
24.2 million at the end of 1966. 

In the London market, silver quotations 
for prompt delivery ranged from a low of 
11.5d in April to a high of 221d in mid- 
December, equivalent to 130.1 cents and 
221.3 cents, respectively, at the prevailing 
exchange rate of the pound. The average 
price for the year was 141.7d (approxi- 
mately 142.5 cents). The London forward 
quotation was changed in January from a 
2-month to a 3-month delivery basis. 


FOREIGN TRADE 


As a result of the May 18 embargo on 
the export of silver from the Treasury 
stock, foreign trade changed during the 
second half of the year from a net export 
to a net import pattern. Total exports 
and imports were substantially below those 
of 1966. Net exports were 15.3 million 
ounces compared with net exports of 23.4 
million ounces in the corresponding period 
of 1966. Two-thirds of the imports of sil- 


South Africa. More than three-fourths of 
total exported silver went to West 
European countries, chiefly the United 
Kingdom and Switzerland. 

New tariff rates on silver in plated, 
semifabricated, and compound forms were 
announced in accordance with the Ken- 
nedy Round trade negotiations. The new 
and lower rates effective January 1, 1968, 


ver came from Canada, Mexico, and follow: 
TSUS1 Item Rate, 
No. percent ? 

005.46- TPlatmumn- plated d.,, ³Ü¹¹ MASS. 8 29 
%%% œ ̃ ᷣͤ⁰ĩP w ede aie de wae weeds 45 
%% TTT ˙ ¼oↄ o-. ̃ ‚Ar·‚ͥ ͥ ͥ q ꝙÜ½Tʃ—A2 8 21.5 
/// EE 18.5 
605.66 Other semimanufactured silver... -e 36 
472 ) —!.!. TT EE ER 9 


1 Tariff Schedules of the United States. 
2 Ad valorem. 
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Figure 2.—Net imports or exports of silver. 
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WORLD REVIEW 


World silver production was estimated 
at 261.6 million ounces, approximately 4.4 
million ounces less than in 1966. Produc- 
tion gains in Canada, Peru, Australia, 
Japan, and the U.S.S.R. failed to offset 
losses in the United States, Mexico, Bo- 
livia, Yugoslavia, and Sweden. Western 
Hemisphere countries contributed about 
60 percent of total world output. 

Consumption of silver in the arts and 
industries, and in coinage of the free 
world was estimated at 455.6 million 
ounces, a continuation of the declining 
trend from the peak of 1965 and a drop 
of about 8 percent from the 1966 level. 
Industrial consumption declined about 3 
percent, to 377.4 million ounces, and 
coinage uses dropped about 26 percent. 
The United States accounted for most of 
the drop in industrial consumption. Most 
of the falloff in consumption of silver for 
coinage was attributed to reductions in 
the United States and Canada. 

Free world consumption of silver ex- 
ceeded new production by approximately 


194 million ounces. The production deficit 
continued to be balanced by withdrawals 
chiefly from the U.S. Treasury bullion 
stock, from foreign government stocks, in- 
cluding sales from the U.S.S.R. demone- 
tized coin, and from other secondary 
sources. Inventory accumulations and 
speculative holdings increased sharply 
and were estimated to exceed 120 million 
ounces at yearend. 


Australia.—Output of silver, recovered 
mainly as a byproduct of lead production, 
increased nearly 5 percent to a record 
high. Developed reserves of lead-zinc- 
silver ores are large and exploration for 
additional reserves continued on a large 
scale. 

Mt. Isa Mines reported that it treated 
a record 4.2 million tons of silver-lead- 
zinc and copper ore. Recovery of silver, 
however, dropped to 5.8 million ounces 
compared with 6.1 million ounces last 
year. Operations were adversely affected 
by a shortage of skilled miners. The com- 
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Figure 3. World production of silver. 
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pany continued its major program to ex- 
pand ore production to 16,000 tons per 
day. Silver-lead-zinc ore reserves increased 
1 million tons, to 32.6 million tons aver- 
aging 5.4 ounces silver per ton, 7.4 per- 
cent lead, and 5.6 percent zinc.š 


Canada.—Output of silver increased 3 
million ounces, to 36.4 million ounces, the 
fourth consecutive annual gain and an 
alltime record. The production gain was 
largely due to the expansion of metal out- 
put at the Kidd Creek mine of Texas Gulf 
Sulphur Co. near Timmins, Ontario, fol- 
lowing the first full year of operation. 
Silver is recovered at Kidd Creek as a 
coproduct of zinc, lead, and copper. Can- 
ada advanced to second rank among silver- 
producing countries in 1967, exceeded 
only by Mexico. Of the total production 
about 80 percent was recovered from ores 
mined essentially for base metals, about 
16 percent from silver-cobalt and silver 
ores, and the remaining 4 percent from 
lode gold ores. 

Two mines in British Columbia began 
operations in 1967; Western Mines com- 
menced treating zinc-copper-lead ore yield- 
ing 2 ounces of silver per ton in its 750- 
ton mill, and Utica Mines began produc- 
tion of silver-gold-lead-zinc ore in October 
in its 300-ton mill. Utica ore reserves of 
275,000 tons averaged about 20 ounces 
of silver and 0.05 ounce of gold per ton. 
The Par mine in Saskatchewan began pro- 


duction of silver-bearing zinc-lead-copper | 


ore at mid-year. Ore reserves of 250,000 
tons grading 4.7 ounces of silver per ton 
were reported. Two silver mines in the 
Cobalt district, Deer Horn and Silver 
Towns, resumed operations after long 
shutdowns. 

Consumption of silver in the arts and 
industries was about 5.8 million ounces, 
about the same as in 1966, and coinage 
requirements accounted for about 8.2 mil- 
lion ounces, a sharp drop from 1966. In 
the first half of 1967 Canada suspended 
fabrication of silver dollars and half-dol- 
lars. As a result of the sharp rise in the 
price of silver in mid-May, the intrinsic 
value of the 80-percent-silver coins be- 
came greater than their face value, and 
in August the silver content of the coins 
was reduced to 50 percent pending the 
changeover to nickel coins planned for 
1968. Exports of refined and unrefined 
silver to the United States increased about 
2 million ounces, to 23.4 million ounces. 
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Imports of silver, virtually all from the 
United States, were about 5.2 million 
ounces. 

United Keno Hill Mines Ltd. reported 
that silver output dropped to 3.8 million 
ounces, from 4.2 million ounces in 1966, 
marking the sixth successive annual de- 
cline. The company curtailed develop- 
ment at its producing mines in the Yukon 
territory during the second half of the 
year, and reduced mining and milling 
operations because of a depletion of ore 
reserves and a critical shortage of skilled 
miners. The company treated 106,189 tons 
averaging 37.7 ounces of silver per ton, 
8.0 percent lead, and 5.9 percent zinc. 
Silver recovery was 95 percent. Ore re- 
serves at yearend were estimated at 
124,500 tons averaging 38.6 ounces of 
silver per ton, 7.5 percent lead, and 6.5 
percent zinc.? 

Cominco Ltd. reported an aggregate 
production of 5.2 million ounces of silver, 
of which 67 percent came from company 
mines, principally the Sullivan and Blue- 
bell, compared with 6.6 million ounces in 
1966. The 1967 silver output was the 
smallest in more than 10 years. 

The Texas Gulf Sulphur Co. Kidd 
Creek mine, Canada’s leading silver pro- 
ducer, mined and milled 3,039,000 tons 
of zinc-copper-silver-lead ore and pro- 
duced 7.8 million ounces of silver. Metal- 
lurgical recovery was 75 percent. Silver 
is recovered primarily from the copper 
and lead concentrates. 


Germany, West.—Industrial consump- 
tion of silver was about 48.2 million 
ounces, approximately the same as in 
1966. Imports totaled about 51.4 million 
ounces, of which 16.1 million ounces came 
from Mexico, 9 million from Peru, 5.6 
million from the United States, 4.2 mil- 
lion from the Middle East, 3.2 million 
from Belgium, and 13.3 million from other 
countries. About 15.1 million ounces was 
exported, chiefly to Italy, Switzerland, 
and Norway. 


Mexico.—Silver output in Mexico 
dropped nearly 10 percent, but the coun- 
try regained its rank as the leading silver 
producer. Industrial consumption was 
about 5.0 million ounces. About 0.5 mil- 
lion ounces of silver was used in minting 


5 Mount Isa Mines Ltd. Annual Report. 1967, 
. 18-19. 
Pr; United Keno Hill Mines Ltd. Annual Report. 
1967, p. 12. 
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the 10-percent-silver 1-peso coins. In ad- 
dition, about 1.5 million ounces of silver 
was used in minting the newly authorized 
25-peso silver coins commemorating the 
1968 Olympics. A total of 30 million coins 
requiring about 15.6 million ounces of 
silver was authorized. The Olympic coin, 
equivalent to $2, weighs 22.5 grams 720 
fine and contains 0.52 ounce of silver. Ex- 
ports of silver totaled 30.6 million ounces, 
about 5.5 million of which went to the 
United States; nearly all of the remainder 
went to European countries. Government 
stocks were estimated at 27 million ounces. 

Fresnillo Co. reported that, during the 
year ending June 30, 1967, its Fresnillo 
Naica and Zimapán units treated 1.2 mil- 
lion tons of ore yielding 4.9 million ounces 
of silver, slightly less than in 1966. Aver- 
age working costs at these units was $8.15 
per ton compared with $8.30 per ton in 
1966. The ore reserves at mid-year at the 
three major units were 4.6 million tons 
averaging 5.13 ounces of silver and 0.01 
ounce gold per ton, 4.9 percent lead, 4.7 
percent zinc, and 0.31 percent copper. 
The company was developing the El 
Monte silver-lead-zinc-copper ore body in 
Zimapan and nearly completed a 200-ton 
mill at the Amaltea mine in Jalisco in 
preparation for production in 1968.’ 

Asarco Mexicana treated 1.9 million 
tons of silver-bearing ores and recovered 
16.5 million ounces of silver, about the 
same as in 1966. 


Peru.—Silver production in Peru, re- 
covered principally as a coproduct or by- 
product of copper, lead, and zinc, in- 
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creased about 9 percent, to 35.9 million 
ounces valued at $50 million. Peru ranked 
as the third largest silver-producing coun- 
try in 1967, exceeded only by Mexico and 
Canada. 

Cerro de Pasco Corp. reported a slight 
drop in silver production to 19.5 million 
ounces, representing about 54 percent of 
Peru’s total output. Cerro’s 1967 metal 
production was adversely affected by a 
l-week strike by mine workers and a 2- 
week strike by metallurgical workers. 
About 49 percent of the corporation’s sil- 
ver output came from purchased ores. 


United Kingdom.—Industrial consump- 
tion of silver was about 24.0 million 
ounces, a slight reduction from that of 
1966. Imports of silver totaled 63.8 mil- 
lion ounces, a gain of 16 percent over 
that of 1966. About 28.9 million ounces 
was received from the United States, 9.6 
million from the U.S. S. R., 11.3 million 
from the Trucial States, and nearly all of 
the remaining 14 million from 26 other 
countries. United Kingdom exports of 
silver dropped 3.7 million ounces to 31.7 
million. The principal countries to which 
silver was shipped included Italy, 11.8 
million ounces; Belgium, 5.7 million; West 
Germany, 4.6 million; and France, 2.6 
million. Virtually all of the remainder, 
about 7 million ounces, was shipped to 
Switzerland, Poland, and 24 other coun- 
tries. 

About 1.9 million ounces of silver was 
recovered from demonetized United 
Kingdom coins in 1967 compared with 
0.5 million ounces during 1966. 


TECHNOLOGY 


The growth of industrial demand for 
silver and the continuation of a worldwide 
production deficit, coupled with a sub- 
stantial rise in price, has encouraged re- 
search to develop improved techniques 
for discovering new silver-bearing deposits 
and evaluating the economic feasibility 
of production. from known marginal or 
submarginal deposits. A rapid and pre- 
cise atomic-absorption, spectrophotometric 
method for determining silver in mineral- 
ized rocks was developed by the U.S. 
Geological Survey.“ The procedure con- 
sists of digesting the sample with nitric 
acid, centrifuging the diluted solution, 
and atomizing it into an atomic absorption 
spectrophotometer to measure silver at 


the wave length of 3,284 angstroms. Silver 
ranging in concentration from about 0.03 
to 250 troy ounces per ton can be deter- 
mined without preliminary  separations 
even in the presence of high concentra- 
tions of other diverse elements. 
Intensified exploration for silver de- 
posits made greater use of newer scientific 
techniques such as mercury detection, in- 
frared sensors, radar imaging techniques, 
and airborne magnetometers. The adop- 
tion of new types of analytical and process 


7 Fresnillo Co. Annual Report. 1967, pp. 8-9. 
8 Huffman, Claude, Jr., J. D. Mensik, and 
L. F. Rader. Determination of Silver in Mineral- 
ized Rocks by Atomic Absorption Spectrophoto- 
metry. U.S. Geol. Survey Prof. Paper 550-B, 
1966, pp. B189-B191. 
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control instrumentation improved refinery 
operations and increased silver recovery 
from scrap by expediting analyses of the 
large number and variety of materials at 
lower cost. 

A rapid field test for silver having a 
sensitivity of about 2 parts per million 
was developed. Silver quantitatively dis- 
places copper from a hexane solution of 
copper dithizonate in the presence of 0.5 
molar H;SO.,. Colorimetric measurement 
of the hexane layer determines the silver 
content.? 

The geological study of the silver de- 
posits near Miller Lake, Gowganda, On- 
tario, revealed native silver and cobalt 
arsenide deposits in narrow vein fractures 
in and around diabase intrusions, a struc- 
tura] environment similar to that at Co- 
balt, Ontario. The silver is found in asso- 
clation with calcite and quartz.!? 

The. discovery of the Gortdrum copper- 
silver deposit near Tipperary, Ireland, 
was due to reconnaissance and geological 
and geochemical exploration followed by 
target delineation from induced polariza- 
tion surveys. The Gortdrum deposit was 
detected by anomalous metal in stream 
sediments 3,000 feet downstream. Soil 
sampling indicated an area 2,000 feet by 
700 feet containing 2½ to 20 times the 
normal background metal content. An 
induced polarization survey defined the 
dimensions and attitude of the ore body, 
and subsequent drilling indicated the 
quantity and grade of the ore and the 
geological environment." 

Bureau of Mines assays of fly ash sam- 
ples collected from seven incinerators in 
the Washington, D.C. area revealed 
quantities of silver ranging from 2 to 9 
ounces per ton and gold ranging from 0.02 
to 0.05 ounce per ton. About 500,000 tons 
of incinerator fly ash are produced an- 
nually, representing a potential source of 
gold and silver that might ultimately sup- 
ply a significant part of industrial demand 
for these metals if economical extraction 
methods can be developed. 
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The Bureau of Mines designed and 
tested an efficient metallic displacement 
process, utilizing steel wool or steel win- 
dow screen, for recovery of silver from 
waste photographic fixing solutions. A 
melting process for recovering pure silver 
from precipitated sludge containing 27 to 
80 percent silver was devised. The process 
is particularly suitable for small-scale op- 
erations applicable to small commercial 
photographic laboratories and amateur 
photographers who process their own films 
and papers.!” 

A comprehensive and authoritative 
treatise was published to commemorate 
the centennial of the founding of the firm 
Handy & Harman, leading fabricators of 
silver and silver alloys.? 


Table 2.—Mine production of recoverable 
silver in the United States, by months 


(Thousand troy ounces) 


Month 1966 1967 

January- ------------------ 3,385 3,333 
February- ----------------- 3,310 3,347 
e er Se 3,924 3,653 
Api cee Gee ee es 3,565 3,439 
May 23 8 3,670 3,551 
ness . 3, 846 3,475 
dl 3,351 2,841 
August. ------------------- 3,711 1,873 
September 3, 650 1,689 
Getöse see 3,702 1,644 
November................- 3, 764 1,638 
December.................- 39,791 1,636 

fr osito nes 43,669 32,119 

9 Bloom, H. A. Field Method for the Deter- 


mination of Silver in Soils and Rocks Using 
Dithizone. Econ. Geol, v. 61, No. 1, January- 
February 1966, pp. 189-197. 

10 Hester, B. W. Geology of the Silver Deposits 
Near Miller Lake, Gowganda. The Canadian 
Mining and Metallurgical Bulletin, v. 60, No. 
667, November 1967, pp. 1277-1286. 

11 Thompson, I. S. The Discovery of the 
Gortdrum Copper Deposit Co. Tipperary, 
Ireland. Paper presented at 68th Annual Meeting 
CIM & M. April 1966. 

12 Dannenberg, R. O., and G. M. Potter. Silver 
Recovery from Waste Photographic Solutions by 
Metallic Displacement. BuMines Rept. of Inv. 
7117, 1968, 22 pp. 

13 Butts, Allison (ed.). Silver, 
Metallurgy, and Use, 1967, 488 pp. 
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Table 5.—Mine production of recoverable silver in the United States in 1965-67, by States 


(Troy ounces) 


State 1965 1966 1967 
Alaska cruz yup i ] ¹5Ü¹¹ www 8 7,673 7,193 5, 787 
, ß ed we et 6,095,285 6,338,696 4,588,081 
California 196,787 189, 989 144,515 
Colorado... hs ei eee EE 2,051,105 2,085,534 1,817,699 
LEE 18,456,809 19,776,785 17,033,330 
Kentucky ee ee neu LE , 931 1,086 568 
Michigan. oss Geek i a eee Ne 457,851 483, 000 301,992 
IJ 1-2 erem y X cU LED De mE %%% ³•ÄX]M. 8 
Montana 5, 207, 031 5,319, 785 2, 066, 464 
Nevada... ³⁰¹wmAĩ eLgSeemco.md ee uu 507,113 867, 567 565, 755 
New Mexico 287,472 242, 620 157, 495 
New York. ............-.-. L2 l 2-222222. l- 11,441 21,590 31,103 
klahoma ii 358,477 368,788 279,898 
EE ͤ y „801 343 
Pennsylvania 1) 1 (1) 
South Dakota 128,971 109,885 121,258 
Tennessee 94, 142 100, 716 130, 078 
Utah... ...... 8 5, 635, 570 7,755,411 4,874,640 
Washington (1) 
Wvomng. -aana SE 
ge REES 39,806,033 43,668,988 32,118,694 


1 Production of Oklahoma, Pennsylvania, and Washington combined to avoid disclosing individual company 
confidential data. 
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Table 6.—Ore, old tailings, etc., yielding silver produced in the United States and average 
recoverable content in 1967, in troy ounces of silver per ton 


Gold Gold-silver Silver Copper 

State Average Average Average Average 

Short ounces Short ounces Short ounces Short ounces 
tons of silver tons of silver tons of silver tons of silver 

per ton per ton per ton per ton 

/õ.Ü˙’b fffffffff̃̃]̃ Ü. ·²ð˙XõT%⅛ ⅛·mͥöͥ!.m ` deer . ..... 0. 393 
Arizona 474 0.222 74, 516 0. 192 13,551 2.804 72, 034, 837 055 
California 408 . 642 1,660 2.180 20.750 4.200 
Colorado 2,520 1.036 1,000 5.611 150,478 .216 2,109 21.625 
Idaho............ 254 .907 (1) 100.000 704,741 17.224 60,887 . 058 
FFC ù qug, du clone "le metior ( y LRL. Cu SE 
ÉITER? 4,979,585 061 
ontana........- 239 766 3,641 2.995 17,857 4.257 9,014,687 202 
Nevada.......... 825,339 Ir. nce 1,460 5.329 6,425,161 037 
New Mexico...... ........ .....- 37,343 648 472 051 4,446,994 . 011 
New YOPE. / ³ ³ ᷣ•⁴¹—ͤrvʒsß deen mde. luec dli. Sosces i N YD UM “Suasana 
South Dakota 1,896,311 OGL oo wes i-mate. d 8 
TenheésadoD. occ. onco52-- Bhs ĩð2—³A ðß—.jd y y RIT It 
Utah -- Lor cue Jed emen deze 39,060 1.239 15,806 .878 20,864, 484 . 084 
Other States 2 88,995 2.741’ 15 20.133 178,040 . 042 
Total 2, 314, 540 . 162 157,220 . 681 904,388 18.608 118,014,403 .070 

Lead-zinc, 
Lead Zinc copper-zine, and Total material 
copper-lead-zinc 

Average Average Average Average 

Short ounces Short ounces Short ounces Short ounces 

tons of silver tons of silver tons of silver tons of silver 

Alaska =. . yy ³ðↄð i ðò d ĩͤ mans 7,604 0.393 

Arizona 1,451 3.474 69, 686 0. 462 291,927 1. 716 72, 486, 442 

California 3,620 18. %% ũ¶ 1... 7,860 6.335 13, 571 210. 502 
Colorado. ........ 1,302 4.690 223,057 . 834 792,227 1.942 1,172,698 1.550 
Idaho. ........... 239,424 11.917 91, 537 . 7538 676,589 2.910 1,773,482 9. 605 
/n... r ae 483,575 .007 
NK eier ͥ õoGvꝙddddd hecede ⁰⁰mdmmt ior. cds em iM, eh rer EUM Ee 4,979,585 . 061 
Montana 4,107 5.582 51, 852 2. 656 211 7.844 9,092, 594 227 
Nevada 252 26. 639 904 919 228,509 1.347 6, 981, 625 . 081 
New Mexico 5 2.400 272, 058 276 44, 042 . 248 4,800,914 . 033 
New York... ²˙¹.̃ Soe beu hee 8 629 ,901 , 049 629,901 . 049 
South Dakotas . == ³ĩðAWAs x . DL MD T 1,896,311 . 064 
Tennesse ð?7x é 1, 605, 590 . 081 1,605,590 .081 
Utah............- 258 11.316 16,176 .197 570, 960 5.330 21,506,739 5 227 
Other States ........ .....- 583,809 .016 292,628 .034 21, 680, 067 167 
Total 250,414 11.839 1, 309, 079 392 6, 140, 444 1.477 128, 710, 643 250 


1 Less than Le unit. 

2 Includes Oklahoma, Oregon, Pennsylvania, and Washington. 
3 Includes byproduct silver recovered from tungsten ore. 

4 Calcium fluorite ore. 

5 Includes byproduct silver recovered from uranium ore. 

6 Includes magnetite-pyrite ore from Pennsylvania. 
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Table 7.—Silver produced in the United States from ore and old tailings in 1967, by States 
and methods of recovery, in terms of recoverable metal 


Ore and old tailings to mills 


Total 
ore, old 
tailings, Recoverable in 
etc., bullion 
State treated Thousand 
(thou- short Amalga- Cyani- 
sand tons mation dation 
short (troy (troy 
tons)! ounces) ounces) 
Alaska 8. . NR MEC 
Arizona 72,556 72, 262 l. i. 
California. .......... 15 11 € MCN 
olorado. ........... 1,173 1,170 838 ......- 
dahó. l. 1,773 1,707 Bl. 12 
Kentucky........... 152 152. 2255402 i662. 
Michigan............ 7,398 7,898 cess. Zeen 
Montana 9,092 9,044 eee 
Nevada 7,741 7,686 3,275 3,969 
New Mexico 4,801 4.728) A 
New Vork 809 809 ....... ....... 
South Dakota 1,896 1,896 80,051 41,207 
Tennessee 5,4 5,468  ....... ......- 
Utah: sk sees 21,511 21,97 —-—e' 
Other States 2. ,926 2,926 1 1,878 
Total......... 136,719 136,062 84,290 


Concentrates smelted 
and recoverable metal 


Concen- 
trates Troy 
(short ounces 
tons) 
176 2,99 
1,920,399 4,418,383 
8,896 ,916 
150,598 1,764,849 
200,919 16,986,157 
12,68 568 
180,310 301,992 
235,189 1,946,091 
190, 594 544,452 
191,252 132,669 
134, 617 31,108 
280,882 130,078 
639,395 4, 168, 752 
131, 776 277, 805 


47,054 4, 272, 686 30,776,207 


1 Includes some non-silver-bearing ores not separable. 


2 Includes Oklahoma, Oregon, Pennsylvania, and Washington. 


3 Less than 1⁄4 unit. 


Crude ore, 
old tailings, 
etc., to 
smelters 

Thou- 
sand Troy 
short ounces 
tons 
294 169,697 
4 72, 136 
3 51, 683 
66 47,121 
48 120,347 
55 13, 930 
73 24, 826 
114 705, 887 
(3) 241 
657 1,205,868 


Table 8.—Silver produced at amalgamation and cyanidation mills in the United States and 


percentage of silver recoverable from all sources 


Bullion and precipitates 


Silver recoverable from all sources (percent) 


Year recoverable (troy ounces) 
Amalgamation Cyanidation Amalgamation Cyanidation Smelting? Placers 
1988. 89, 777 99, 289 0. 26 0. 28 99.41 0.05 
19644. 91,401 120,894 .25 .93 99.39 .03 
KL 167,331 48, 632 .42 .12 99.44 . 02 
1966... ... 8 80,033 41,098 .18 . 09 99.71 02 
19 8 84, 290 47, 054 . 26 15 99.57 02 
1 Crude ores and concentrates. 
Table 9.—Silver produced at refineries in the United States, by source 
(Troy ounces) 
1966 1967 
From concentrates and ores: 
%)) oe a i a a et icis sms 48,357,969 30, 267 , 987 
REofreign..- « ũ tt mds Saa Sa Z SS hae s 31,079,530 23,716,710 
S ³˙¹ſ ³ĩðW³A8A 8 79, 437,499 54, 044, 697 
From old scrap- . ⁵ðâdd mt m 8 36, 628, 567 33, 534, 078 
Nr. ⁵ð Unͥ d ⁰t ey e 17, 033, 476 25,361,399 
Total production 2c... SSES dE AE REN E 133, 099 , 542 112,940,174 


In the Treasury: 


Silver bullion...... 


Outside the Treasury: 


Silver dollars 


SILVER 


Table 10.—U.S. consumption of silver, by 
end use 


(Troy ounces) 


1966 1967 
Electroplated ware... ..... 21,486,041 17,896,938 
Sterling ware 30,894,444 30,268,955 
Jewelry................- 6,349,050 5,750,824 
Photographic materials... 48,435,390 50,306,175 
Dental and medical supplies. 2,457,181 2,690,154 
Mirrors 2,945,503 2, 173,929 


Brazing alloys and solders. 18,419,421 15,390,493 
Electrical and electronic 


products: | 
Batteries 12,517,251 11,404,489 
Contacts and 
conductors... ......- 33,676,352 26,777,169 
Rocket nozzles.. ........ 4406. 8 
Catalys ts 2,682,765 5, 847, 278 
Bearings 569,174 600, 228 
Miscellaneous 11... 2,564,112 1,925,183 
Total net industrial 
consumption 183,696,130 171,031,815 
Coinage 53,852,227 43,850,866 


Total consumption. 237,548,357 214,882,681 


!Includes silver-bearing copper, silver-bearing 
lead anodes, ceramic paints, etc. 


Table 11.—U.S. monetary silver 
(Million troy ounces) 


1963 1964 1965 
5 1,557.7 1,208.0 793.8 
3 22.1 2. 3 2.3 
dee 2.7 3.4 (1) 
E 1,582.5 1,213.7 2796.1 
8 352.9 372. 6 372. 6 
5 1,365.2 1,563.4 1,883.0 
wee Gees 1,718.1 1,936.0 2,255.6 
Ee 3,300.6 3,149.7 3,051.7 


1 No breakdown is available between silver and nonsilver coins. 
2 Excludes silver in subsidiary coin. 


3 Estimated. 


1966 


591.9 
2.3 

(1) 
2594.2 
372.6 
3 1,911.0 
2,283.6 
2,877.8 
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1967 


348.3 
2.3 

(1) 
2350.6 
372.6 
31,960.0 
2,332.6 
2,683.2 
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Table 12.—U.S. exports of silver in 1967, by countries 


(Thousand troy ounces and thousand dollars) 


Ore and base bullion Refined bullion U.S. Foreign 
Country — — coin coin 

Quantity Value Quantity Value value value 
l ⁵ð / teotuete aoc use cuu E DL $2: huu 
UPG A ſdͥ ERE MMOL C ES 
J eee ieee, desis, 8 984 J 
PO ANG ate oi ³]˙§ ]ñê m aa x x S a 67 `.. 

Belgium-Luxembourg. ................ 424 $817 202 4229 —8 (1) 
Bermuda... Eege, Aue eae sanu aa mata ss 188988 — 
ieee ee ` Dee, Seah oe JJ. „/ 000 
//õô§ĩðÜL5tè eee ... ..........- 218 287 5,015 6,895 7 $1,034 
Colombia... Geseit, ee el dn BbÜ-. / ·1 Shee 
Franee o 551 ]²rũũͤũͤ An.... 8 7,681 10,296 222 
Germany, Wess 1,124 2,073 4,491 6,444 14 1 
q æ õ² ²²q ³˙ eieiei / ³ðͤ A deet ` Ae, F 
%%% 1-2 oi ³ -A A LS ³A;q ᷣ ͥ K ͤ Lr . 
TC ³·ͤU——. aci A 0 322 415 1 2, 773 

J ⁵˙¹¹⁴A ⁰⅛o ud iun. 3,023 4,079 .......- 

Miete eeneg, o En, ↄð2ß́⁵“v reet, Cad icd 8 

Netherlandſ s 4 8 3,018 9,914 .......- (1) 
Netherlands Antilles.................. ....-. ....-... .. 113 
OPFWHV. ↄ hh eee eee: Sse. ff aal 5 
FFI ⁰ i ³ A du aa / c 8 275 
FF ⁵ ⁵ ↄ d dA ĩͤ 8 240 
CGöõõ am ⁰ · .. .. 888 2 
J%ù ͥ ù ² TT“. V durée S ³ðVt ⅛ð⁊i , x ieee 1 
OID eo ͥ r aes 36 )) ĩͤ V 

%%% ĩõĩ·Üb: ⁵ M ))))))d ð y ĩͤ 8 (1) 
Switzerland. ............. 2... 2... 2... 3 7 13,436 17,365 87 55 
United Kingdom 556 1,005 30,149 40,490 17 52 
Total... 22f422: coller ecc 2,365 4,242 68 , 404 91,718 310 4,439 


1 Less than 14 unit. 


Table 13.—U.S. imports of silver in 1967, by countries 
(Thousand troy ounces and thousand dollars) 


Ore and base bullion Refined bullion U.S. Foreign 
Country ——————— ——————————- T A eoin coin 
Quantity Value Quantity Value value value 
Argenti 22 e- 92 Ill... ³ĩðA 8 
HERE gester ee Ce 1,390 1,190 EE 
.. Se ⁊ĩé dd ⅛ v d Dësen ee MEE DE EE () 
Belgium-Luxembourg................. .....-  ......-- 201 $340 ........ 4 
Bermuda... œ . ⁵ð . r eben. ꝰð / ↄ ↄ d eue ui UEM Za (!) 
SI ⁵³˙¹¹1 A eai 2, 750 %% ͤ ]³ðWwꝛq ]˙⅛˙ẽůũdo ... y 
ee ß , , , e o Ete (1) 
CTT TEEN 8,289 10,825 14,344 22,231 $20 132 
Chile; oro niet Duy Seas 1,709 2022. toco co uh. ĩð . y E umo 
Colombia ///! T(büõã hee, leh 
Buss eee ce ees 29 LI SEENEN 
Fh ` Bereet Meweccat 5 „)J 
Germany, Wee 113 146 1 l- 221222 ? 
Guatemala.. 9 1; ĩ ᷣͤ Kd weedeuss (1) 
Honduras 2,113 2,610 53 CC 
Hong Konp- ⁵ o. ³WA.ů.A. ñ ði au - ⁊xv;.m.. mꝓN⁊qꝓꝓ—ĩr²5¹ oA ied ades 1 
qi tua ¼ . , ß x x 1 
JJJ//%ö·ð eege 8 5 F ˙ A os 
Malgysalh. 5r. ] «²ä i! ð“ ! !æ&ä—'¹ . Teese y 1) 
Mexictooooooo eee 581 807 3,068 4,022 ........ 2,592 
Mozambique 3 JJ!!! (ü.. C (1) 
Nies 8 90 114 6 p OA icu e 
Norway z see os see EE 10 d!!! ff. EE 
CC ENEE XN 7... ` VE . 63 
POP COMM nts susu suu er ein 7,278 9,853 2,497 9.915. EE 15 
Philippines. 317 423 38 1 ecco 
South Africa, Republic ol 785 1,122 9,122 12,342 `... 1 
BONN A cec ß EE (!) 
Switzerland... ........ lol Neel AN. Letté aine (1) | EROR Pe 1 
RI, BEE CEET 1 
United: Arab l Secs. ]ĩ;vß O... E, y Ee 6 
United Kingdom. ..................-- 3 6 530 985. Lin 254 
i nexo Vee 25,642 33,437 29,878 43,650 20 3,071 


1 Less than 34 unit. 


SILVER 1055 


Table 14.—Value of silver imported into 
and exported from the United States 


(Thousand dollars) 
Year Imports Exports 
T905 %,ö§«—m cou eso ess 362, 908 $51,424 
JJ eee oS 76,187 110,538 
196]... e 8 71,087 95,960 


Table 15.—World production of silver, by countries ! 2 3 4 


See footnotes at end of table, 


(Troy ounces) 


Country ! 1963 1964 1965 1966 1967 » 
North America: 
anads-. cocco 29,839,756 29,902,611 r 91,917,243 r 33,417,874 36,426,079 
Central America and 
West Indies: 
Guatemala...... 64,173 e 10,000 e 18,000 e 3,000 NA 
Haiti 107, 022 92, 05 77,488 50, 69 NA 
Honduras e 3,164,000 3,220, 371 3, 670, 659 3, 784, 290 4, 009, 418 
Nicaragua 405, 252 332, 370 380, 377 46, 706 372, 371 
e EE r 42,760,367 r 41,716,208 r 40,332,024 r 41,983,477 37, 939, 498 
United States 35, „241, 503 96,333,861 39, 806, 033 49,668,988 82,118,694 
South America 
rgentina. .......... r 1,943,188 * 1,943,124 r 2,285,850 r 2,207,178 NA 
Bolivia (exports)..... r 4,869,031 4,810,973 r 4,114,422 * 5,124,307 4,275,368 
Brazil. r 281, 447 r 313,727 r 227, 788 r 222, 354 NA 
Chile r 2, 768, 332 r 8,096,594 r 2,972,264 r 3, 609, 962 3, 065, 504 
Colombia „279 r 130, 666 r 115,866 r 109, 065 0,442 
Ecuador. ............ 121, 784 117,126 69,966 76,710 NA 
» Peru (recoverable).... 1 85,203,184 84,419,459 r 36,470,307 r 32,841,201 35, 869, 829 
uro 
Austria e uu asss 68,803 73,947 76,519 93,237 NA 
Czechoslovakia 5. 2, 400, 000 2, 400, 000 2, 400, 000 2, 400, 000 2, 400, 000 
lande 79, 967 7, 906 82, 186 520, 103 623, 000 
Fran eee 730,111 969,441 1,401, 226 r 2, 008, 325 2, 000, 000 
Germany: 
East 55. 4, 800, 000 4, 800, 000 4, 800, 000 4, 800, 000 4, 800, 000 
West... ccc, 2, 067, 068 2, 062, 599 2,021,896 r 2,018,391 2, 000, 000 
Greece 123, 009 r 153,970 r 139,052 r 138,200 291,900 
Hungary 3. , 300 64, 64, 64,3 64,300 
Ireland. ll lwece- EEN 1,219,000 A 
Maly... c.a 8 1,006,318 1, 078, 770 1, 103, 446 1,131,770 1,382,448 
Poland s. 128, 600 128,600 128,600 r 161,000 161,000 
Portugal............ 48,419 48,773 63,015 r 354, 558 356, 800 
Rumania 5,.......... 643, 000 643,000 643,000 643, 000 643, 000 
Spain 33. 4, 955, 201 2,314,853 r 1,961,195 NA 
Sweden r 2,874,000 r 3, 061, 000 r 3, 884, 000 4,495,000 » 4,000,000 
SSSR ce r 28,000,000 r 29,000,000 r 31, 000, 000 r 33,000,000 35, 000, 000 
TR Yugoslavia. ......... 8,791,923 4, 036, 879 4,148,057 3,651,424 3,075,472 
rica: 
Algeria . 255,000 295,000 295,000 r 420,000 420, 000 
Botswana 21 / ³ꝛ¹- (( a, venae A LEE 
Congo (Kinshasa) 1, 097, 176 1. 480, 252 1,538,413 1,851,400 1,839,777 
Ghana (exports) u ] ⅛ U ] ß a Seu 
Kenya 52, 422 47,702 21, 247 19, 003 3,038 
Morocco 772, 748 604, 080 599, 258 707, 413 772, 807 
Rhodesia, Southern 83,742 88, 468 e 95,470 e 95,000 NA 
South Africa, 
publie off 2, 736, 868 2, 916, 660 3, 181, 580 8,184,093 8,063,505 
South- West Africa, 

Territory of 1,142,864 1,436,136 1,540,851 1, 516, 589 1, 449, 763 
S,. ⁵ĩðVz dueN NERONE ·ö·ĩ zS NA NA 
Swaiziland........... 120 130 130 2i er 
Tanzania (exports) - - - 22,669 25,929 22,865 10,572 2,294 

ni:iia............. 9,581 12,635 38,758 38,002 44,722 
Uganda (exports) mv 9. Sumo s mus lc ulti 6 rau NA 
Zambia wm ........ 846,317 1,445,934 848,819 e 750,000 e 750,000 
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Table 15.—World production of silver, by countries ! 2 3 * —Continued 


(Troy ounces) 


Country ! 1963 1964 1965 1966 1967 » 
Asia: 
Burma 2,075, 282 1,866, 752 1. 638, 000 1. 096, 000 917, 000 
China, mainland 5. 800,000 800,000 800,000 800,000 600, 000 
Indis 2-2 128,314 152,234 168,308 39, 223 93, 108 
Indonesia 279, 840 252,930 298,777 220, 779 309, 000 
n VVV 8,812,068 8,714,748 8,988,801 r 10,318,703 10, 833, 532 
orea: 
Nortghe r 650, 000 r 650, 000 * 650,000 r 650,000 700,000 
South... 443,987 404, 468 434,000 499,269 588,000 
Philippines 838, 304 907, 504 933,938 1. 162, 889 1,396,268 
Š Taiwan... -- 61,440 60,633 87,315 79,473 115,794 
ceania: 
Australia 19, 641, 925 18, 426, 990 r 17,280,839 r 18,875,511 19, 765, 000 
TTT 46, 870 60, 564 60, 470 67,499 61,335 
New Guinea and 
Papua...........- 23,696 23,206 19,664 18,052 17,176 
New Zealand........ 286 141 55 . 
It s 11r 249, 982, 408 117 248, 550, 717 117 256, 362, 337 11r 266, 563, 561 260, 820, 000 


e Estimate. p Preliminary. r Revised. NA Not available, estimate included in 1967 total. 

1 A small amount of silver is produced in Bulgaria, Mozambique, Panama, Thailand, and Turkey. 

3 Content of ores and concentrates produced unless otherwise noted. 

3 Data derived in part from Yearbook of the American Bureau of Metal Statistics, annual issues of Metall- 
gesellschaft, (Germany), and the Minerais et Metaux (France). 

4 Compiled mostly from data available June 1968. 

š Estimate, according to annual issues of Metallgesellschaft (Germany) except 1967 which is an extension 
of the 1966 estimate. 

6 Smelter and/or refinery production from domestic and imported material. 

7 Production reported by Bolidens Gruvaktiebolag. 

s Estimate according to annual issues of Minerais et Metaux (France) except 1967 which is an extension of 
the 1966 estimate. 

°? Recoverable silver in Tsumeb Corporation Ltd. concentrates as reported for year ended June 30 of year 


stated. 
1? Includes recovery from refinery sludges and blister copper’ 


11 Total is of listed figures only; no undisclosed data included. 


Table 16.—Canada: Geographical distri- 
bution of silver production 


(Troy ounces) 


Province or Territory 1966 1967 p 
Alberta. ...........-... 17 12 
British Columbia 5,548,823 5,492,062 
Manitoba............. 547, 797 , 824 
New Brunswick....... 3,108, 669 2,785,198 
Newfoundland......... 1,097,425 1,056,734 
Northwest Territories. 1,662,192 1,439,124 
Nova Scotia 540, 663 „23 
Ontario --.---------- 10,900,204 15, 582, 832 
Quebec. .............- 5,214,146 4,921,250 
Saskatchewan 603, 358 642,272 
Yukon Territory....... 4, 194, 580 3, 769, 533 

ot!!! r 33,417,874 36, 426, 079 


p Preliminary. r Revised. 


Slag-Iron and Steel 


By William R. Barton 


Demand for iron-blast-furnace slag prod- 
ucts in 1967 equaled available supplies. 
Because of this, and continued prospects 
of increasing demand, open-hearth steel 
slags were increasingly used as a supple- 
mentary or substitute material. 

An unusually high interest in slag process- 


ing and usage has been generated by the 
increased accent placed upon utilization of 
solid wastes and secondary raw materials 
and as part of the general desire to con- 
serve resources and use available low-cost 
byproduct materials for the benefit of the 
economy. 


DOMESTIC PRODUCTION 


The 29.6 million tons of iron-blast-fur- 
nace slag processed during 1967 was the by- 
product of pig iron production. Slag avail- 
ability was reduced somewhat while several 
large furnaces were out of use for repair 
or modernization. A total of 61 air-cooled, 
14 expanded, and 14 granulated blast-fur- 
nace slag processing plants were operated 
by 39 companies in 1967. Slag-encrusted 
iron, reclaimed magnetically by  slag 
processors for remelting, amounted to 613,- 
109 tons compared with 526,169 tons in 
1966. The industry’s 1,760 plant and yard 
employees worked a total of 3.9 million 
man-hours in 1967. Production was 7.6 


tons per man-hour compared with 7.2 tons 
in 1966. Operations at one blast-furnace 
slag plant at Daingerfield, Tex., were 
described. 

The amount of steel slag, especially 
open-hearth slag, processed continued to 
increase, particularly in areas where blast- 
furnace slag supplies were not sufficient to 
meet demands. It is estimated that at least 
10 million tons of steel slag were marketed 
in 1967, including 4.9 million tons by 
members of the National Slag Association. 

1 Commodity specialist, Division of Mineral 
Studies. 


2 Rock Products. Lone Star Plant Processes 
Slag. V. 70, No. 10, October 1967, p. 70. 


Table 1.—Iron- blast- furnace slag processed in the United States, by types 


(Thousand short tons and thousand dollars) 


Air-cooled 
Screened Unscreened 
Year 
Quan- Quan- 
tity Value tity Value 
1988. 18,290 332, 408 689 $624 
1964 20,969 36,458 621 599 
19665 U Mn 22,531 39,624 1,402 1,270 
1966 ... ...... 19,925 35,348 551 588 
1997 22,326 39,204 1,053 800 


Granulated Expanded Total 
Quan- Value Quan- Value Quan- Value 
tity tity tity 
2,461 31,663 2,251 $6,708 28,691 $41,398 
2,840 š 2,426 7,278 26,856 46,500 
3,550 12,674 2,596 7,879 30,079 51,447 
3,749 13,026 2,525 7,860 26,750 46,822 
3,760 12,834 2,456 7,262 29,593 50,101 


1 Excludes value of slag used for manufacturing hydraulic cement 1965-67; and granulated aggregate for 


concrete block manufacturing 1966-67. 
Source: National Slag Association. 
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Table 2.—Iron-blast-furnace slag processed in the United States, by States 


(Thousand short tons and thousand dollars) 


Screened air-cooled All types 
Year and State 
Quantity Value Quantity Value 

1966: 
M so eee eee 4,326 $7,960 6,089 $11,687 
Pennsylvania... ....................- 5,181 9,787 6,821 12,172 
Illinois, Indiana, Michigan. 3,860 6,363 5,983 9,198 
Other States 2.222222 6,558 11,288 7,857 18,765 
gu TO 19 ,925 35,948 26,750 46,822 
1967: i 
Ohio et Leer IA E 4,029 7,684 5,868 10,211 
Pennsylvania 7,134 13,051 9,082 15,412 
Illinois, Indiana, Michigan.. 4,642 7,391 6,519 | 11,001 
Other State .. 2222222 222-2 6,521 11,078 8,124 13,477 
/ ³ĩ¹¹wL Rennes 22, 326 39,204 29,593 50,101 


1 Alabama, California, Colorado, Kentucky, Maryland, Minnesota, New York, Texas, Utah, and West 


Virginia. 
Source: National Slag Association. 


Table 3.—Shipments of iron-blast-furnace slag in the United States, by methods of 


transportation 
1966 1967 
Method of transportation Thousand Percent Thousand Percent 
short tons of total short tons of total 
POO U ZTWWWBꝓB„u. ed eed 7,234 27 6,798 23 
Hull. Qe E HC: 18,734 70 22, 070 74 
Wai... ³ v eee 782 3 725 3 
. ͥͥ ³Ü¹ÜÜwm˙˙AꝛAĩA cee Se eiweboe eas 26 , 750 100 29,593 100 


Source: National Slag Association. 


CONSUMPTION AND USES 


Of all blast-furnace slag sold or used, 
more than 87 percent went to products 
used in construction or maintenance of 
roads, buildings, railroads, or airports, or 
into construction accessories such as min- 
eral wool. The balance was used in glass 
manufacture, as a sewage trickling filter 
medium, or agricultural slag. Several 
papers became available which discussed 
blast-furnace slag utilization.“ 

The exceptionally high skid resistance 
of slag resulted in considerably more use in 
highway surface courses during 1967. This 
trend is expected to continue strong in the 
future. The use of blast-furnace slag in 
roofing also increased significantly during 
the year. 

Steel slags were used, either alone or 
blended with blast-furnace slag, for road- 
way base and fill, in bituminous mixtures, 


as railroad ballast, for agriculture, or mis- 
cellaneous uses. While steel slags do not 
have the universal application of blast- 
furnace slags, their antiskid properties and 
ability to provide good color contrast with 
light-colored shoulder materials suit them 
particularly well for bituminous mixtures. 
Agricultural use is also growing due to the 
relatively high PzOs content of some steel 
slags and the presence of several trace ele- 
ments important to agriculture. 


3 Bauman, E. W., and W. R. Barton. Utiliza- 
tion of Blast Furnace Slag as an All-Purpose 
Construction Aggregate. Soc. of Min. Eng. Pre- 
print 67H48, AIME, New York, 1967, 7 pp. 


National Slag Association. Slag, The All- 
Purpose Construction Aggregate. Washington, 
D.C., 1967, 28 pp. 

Van der Vlist, A. A. Robur Makes 330,000 


t.p.y. of Slag Cement. Miner. Processing, v. 8 
No. 5, May 1967, Dp. 20—23. 
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Table 4.—Air-cooled iron-blast-furnace slag sold or used by processors in the 
United States, by uses 
(Thousand short tons and thousand dollars) 


Screened 
Use 1966 1967 
Quantity Value Quantity Value 


Aggregate in— 
Portland-cement concrete construction. ......... 8,105 $5,782 12,394 135, 587 
Bituminous construction (all types): 3, 904 6, 956 3,462 6,387 
Highway and airport construction: 9. l 7,378 13, 875 10, 013 16, 647 
Manufacture of concrete block... gk 426 715 426 739 
Railroad balla cs. 3,512 4,796 4,108 5,908 
Mineral hr, 8 258 442 389 613 
Roofing slag: 
Cover material... 396 1,227 425 1,262 
Sl... MMMM 64 379 48 224 
Sewage trickling filter medium 15 28 7 18 
Agricultural slag, liming..__.__.__.__________________. 3 6 2 8 
Other uses eee yaaa a ere San a MINE 864 1,642 1,057 1,821 
ö ³Ü1f ̃7;˙ʃ, ; 19,925 85,348 22, 326 39,204 


1 In 1967 included 1,461,200 tons valued at $2,959,100 for use in structures and. 983,000 tons valued 
at $2,628,100 for use in pavements. 

2 Other than in portland-cement concrete and bituminous construction. 

3 In addition 479,000 tons valued at $524,000 in 1966; 275,100 tons valued at $337,000 in 1967, unscreened. 

In addition 72,000 tons valued at $64,000 in 1966; 777,400 tons valued at $463,800 in 1967, unscreened. 


Source: National Slag Association. 


Table 5.—Granulated and expanded iron-blast-furnace slag sold or used by 
processors in the United States, by uses 
(Thousand short tons and thousand dollars) 


1966 1967 
Ü Granulated Expanded Granulated Expanded 
se 
Quan- Quan- Quan- Quan- 
tity Value tity Value tity Value tity Value 
Highway construction............. 1,721 92,300. | 1,952 $2,440  Á .....  ...-. 
Fill (road, ete.)------------------- 258 2%... x te mde. —— tle 
Agricultural slag, liming........... 79 19]. ^ eee 69 l15. «les Rases 
Manufacture of hydraulic cement... 1,101 NA ese. one» 1,210 NA m o ume 
Aggregate for concrete-block manu- 
ISCLUTB on eee 8 208 NA 2,449 $7,593 267 NA 2,061 $6,030 
Other uses 382 305 76 267 261 279 1895 11,282 
/ 3,749 23,026 2,525 7,860 3,760 22,834 2,456 7,262 


NA Not available. 

! Includes 320,000 tons valued at $967,500 for use in lightweight concrete. 
i 2 5 a for manufacture of hydraulic cement and granulated aggregate for concrete-block manu- 
acture T. 


Source: National Slag Association. 


Table 6.—Steel slag sold or used by processors in the United States, in 1967 by uses 


(Thousand short tons and thousand dollars) 


Use Quantity Value 

Filed ³¾³⅛⁵0iövBð˙7³ꝛVWW mm E LUE wales 534 $498 
Highway base or shoulder 897 720 
Paved area Bes» ⅛ y escalate 1,412 995 
Miscellaneous base or fill eee 883 654 
Bituminous mixes. s (?⅛nn 578 675 
ail TEE EE EEN 68 61 
EIERE : vnde ed yd yd ee tee OT ORE EE 564 385 

Tola]: n oro e ae ee ͥͥ dd LA ie eee 4,936 3,988 


! Data represents steel slag processed as reported to the National Slag Association. Does not include ton- 
nage returned to furnaces for charge material. 


Source: National Slag Association. 
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PRICES 


Prices for crushed slag (air-cooled, 
screened) used as aggregate were pub- 
lished monthly for major U.S. market areas 
in Engineering News-Record. In December 


1967, quoted prices ranged from $1.16 to 
$2.50 per ton for both 12-inch and M- 
inch crushed slag. 


Table 7.—Average value of iron-blast-furnace slag sold or used by processors 
in the United States, by uses 


(Per short ton) 


Air-cooled 
Use Screened Unscreened Granulated Expanded 
1966 1967 1966 1967 1966 1967 1966 1967 

Aggregate in— 

Portland- cement concrete construction__ $1.86 $2.33 M ae diim eee AM "TS 

Bituminous construction (all types) 1.78 1.84 V "P p WEE EE T 

Highway and airport eonstruetion 1.81 1.65 $1.10 31.23 $1.38 51.25 S 

Manufacture of concrete block ........ 1.68 1.73 cred NS X d 1.41 $3.10 $2.92 
Railroad ballast. .. .... ..... LL. lll. 1.37 1.44 nm oe € Et err 
Mineral wool____________--_____.-------. 1.71 1.58 ke eh aia aeons ANM Seen ee 
Roofing slag: 

Cover material___________________---- 3.10 3.00 tases Sls SM 8 UE mes 

Granules |... 88 5.94 4.65 MIN ise 8 BEEN SA EE 
Sewage trickling filter medium. ............ 1.98 1.97 eege? EEN FC "E n 
Agricultural slag, limin gg 1.67 1.87 _... 1.58 1.57 = ae 
Other EE 1.90 1.78 88 .60 .80 1.06 3.49 23.53 


1 Other than in portland cement and bituminous construction. 
2 Does not include slag valued at $3.04 a ton for use in lightweight concrete. 


Source: National Slag Association. 


TECHNOLOGY 


A new crusher, specially designed to 
reduce slag in order to facilitate reclama- 
tion of contained metal, has been intro- 
duced by Hammermills, Inc., of Cedar 
Rapids, Iowa. Called the Bulldog Ex- 
ploder, the new machine utilized impact 
plus autogenous grinding in air suspension 
to reduce the more friable slag while con- 
tained metal particles remain essentially 
unreduced in size. 

Use technology for several important 
areas were reviewed in several important 
papers.“ 

Results of Bureau of Mines research on 
heat content of slags and recovery of ger- 


manium and gallium from slags were pub- 


lished.’ 


4 Klieger, Paul, and A. W. Isberver. Labora- 
tory Studies of Blended Cements-Portland Blast- 
Furnace Slag Cements. J. of the Portland Ce- 
ment Asso., v. 9, No. 3, September 1967, pp. 
2-22. 

National Slag Association. Slag for Use in 
Bituminous Concrete. NSA Bull. 167-2, 1967, 9 


National Slag Association. Building Safer 
Highways With Slag. NSA Bull. 167-3, 1967, 17 


pp. 

5 Foerster, E. F., and P. L. Weston, Jr. 

Heat Content of Some Blast-Furnace and Syn- 
215 Slags. BuMines Rept. of Inv. 6886, 1967, 
21 pp. 
Waters, R. F., and H. Kenworthy. Extraction 
of Germanium and Gallium From Coal Fly Ash 
and Phosphorus Furnace Flue Dust. BuMines 
Rept. of Inv. 6940, 1967, 33 pp. 


Sodium and Sodium Compounds 


By Benjamin Petkof 


The domestic production of natural 
sodium carbonates (soda ash) and sul- 
fates remained strong in 1967. 

The underground trona deposits in the 
Green River, Wyo., area continued to be 
the center of activity for the expanding 
natural soda ash industry. To meet grow- 


ing demands, major chemical companies 
were expanding and constructing plant 
facilities, and acquiring or exploring trona 
deposits in the Green River area rather 
than enlarging or building new plants to 
manufacture soda ash from salt. 


DOMESTIC PRODUCTION 


Total output in 1967 of natural and 
manufactured sodium carbonate (soda 
ash) decreased 5 percent in quantity from 
that of the previous year. 

Manufactured soda ash, produced at 10 
plants in six States, supplied 74 percent of 
the total available domestic supply. These 
plants were distributed geographically as 
follows: Two each in Louisiana, Michigan, 
Ohio, and Texas; and one each in New 
York and Virginia. 

Natural soda ash, which was produced 
by American Potash and Chemical Corp., 
and Pittsburgh Plate Glass Co. from nat- 
ural lake brines in California, and by FMC 
Corp. and Stauffer Chemical Co. near 
Green River, Wyo., from underground 
bedded trona supplied the remaining 26 


percent of the total sodium carbonate 
market. 

The FMC Corp. continued to be the 
largest domestic producer of natural soda 
ash and by the end of 1967 had reached 
annual plant capacity of about 1.25 mil- 
lion tons. The other active producers in 
the Green River area, Stauffer Chemical 
Co. and Allied Chemical Corp., were also 
increasing their plant capacities during the 
year. 

Several firms were prospecting the area 
for future operations. Texas Gulf Sulphur 
Co. began shaft-sinking operations to de- 
velop its trona mine. 


1 Commodity specialist, Division of Mineral 
Studies. 


Table 1.—Manufactured sodium carbonate produced and natural sodium carbonates 
sold or used by producers in the United States 


(Thousand short tons and thousand dollars) 


Year 


r Revised. p Preliminary. 


Manufactured 
soda ash Natural sodium 
(ammonia-soda carbonates 2 
process) ! 
Quantity Quantity Value 
EEN 4,682 1,119 $27,616 
3 4, 948 1,275 30,451 
EE E r 4,926 1,494 84,717 
P bye BN ve r 5,090 1,738 40 ,674 
p 4, 828 1,728 40 , 539 


1 Bureau of the Census. Includes quantities used to manufacture caustic soda, sodium bicarbonate, and 


finished light and dense soda ash. 
2 Soda ash and trona (sesquicarbonate). 
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Table 2.—Sodium sulfate produced and sold or used by producers in the United States 
(Thousand short tons and thousand dollars) 
Production (manufactured Sold or used by producers 
and natural)! (natural only) 
Year Anhydrous 
Salt refined Quantity Value 
cake 2 (100 
(crude) percent 
Na:SO) 
UD ETT PE 837 396 435 $8,392 
1J%%ũö E E EE EA, 926 389 575 10,989 
TEE r 976 r 428 620 11,024 
1966... ois nu r 1,009 r 436 640 11,271 
R96 o beer SS y en 8 P 968 P 418 637 10,710 
r Revised. P Preliminary. 


1 Bureau of the Census. 


2 Includes glauber salt converted to 100 percent Na:SO.. 


Total production in 1967 of manufac- 
tured and natural sodium sulfate declined 
4 percent from that of 1966. About 46 
percent of the total output was produced 
from natural sources at four operations in 
Texas, three in California, and one in 
Wyoming. The remainder was recovered 
as byproducts of chemical processes. 

In California, American Potash and 
Chemical Corp., and Stauffer Chemical 
Co. recovered sodium sulfate from dry 
lake brines at the Trona and Westend 
plants, respectively, and United States 
Borax and Chemical Co. recovered sodium 
sulfate at plants in Wilmington and San 
Francisco. 

The' Ozark-Mahoning Mining Company 
recovered salt cake from subterranean 
brines at its Brownfield, Monahans, and 
Seagraves operations in Texas. American 


Cyanam'd Company operated a unit to re- 
cover sodium sulfate from waste water at 
its Fort Worth plant. 

In Wyoming, William E. Pratt, re- 
covered a small quantity of sodium sulfate 
from dry lake beds near Casper. 

Production of sodium metal increased 8 
percent from 151,588 tons in 1965 to 163,- 
368 tons in 1966. In 1967, production in- 
creased slightly to 163,448 tons. Sodium 
and its coproduct chlorine was produced 
by electrolysis of molten salt by three com- 
panies at five plants: E. I. du Pont de 
Nemours & Co., Inc., at Niagara Falls, 
N. Y., and Memphis, Tenn.; Ethyl Corp., 
at Baton Rouge, La., and Houston, Tex., 
and Reactive Metals, Inc., owned jointly 
by U.S. Steel Corp., and National Dis- 
tillers and Chemical Corp. at Ashtabula, 
Ohio. 


CONSUMPTION AND USES 


The consumption and use pattern of 
sodium carbonate, sodium sulfate, and 
sodium metal remained relatively un- 
changed from previous years. About two- 
fifths of total sodium carbonate production 
was used in the production of glass, about 
one-fourth in chemicals, and about one- 
tenth in pulp and paper. The remainder 
was used for miscellaneous purposes such 
as soap and detergents, aluminum produc- 
tion, and water treatment. 

Kraft paper production continued to re- 
quire the major portion of sodium sulfate 
production. Sodium sulfate was used also 
in the manufacture of glass, ceramic 


tex- 
and miscellaneous chem- 


glazers, detergents, stockfeeds, dyes, 
tiles, medicines, 
icals. 

Metallic sodium was used primarily in 
the production of tetraethyl and tetra- 
methyl lead compounds which are used as 
additives to motor fuels to improve their 
antiknock qualities. Possible areas for fu- 
ture increased consumption of sodium 
metal are in the reduction of titanium 
tetrachloride to titanium with sodium; the 
sodium-sulfate battery for electric cars; 
polyethylene-clad sodium-cored electrical 
conduction cable and  sodium-cooled 
breeder-type nuclear reactors. 


SODIUM AND SODIUM COMPOUNDS 
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PRICES 


Prices of sodium compounds showed 
some variation during the year. Prices 


Commodity 


Sodium carbonate (soda ash 58 percent NazO): 


Light, paper bags, carlots, wors 


Light, bulk, carlots, works 


Dense, paper bags, carlots, works. 
Dense, bulk, carlots, works. 


Sodium sulfate (100 percent Na:SO4): 


Technical, anhydrous, bags, carlots ------.---- 
Technical detergent, rayon grade, bags, carlots, works 


Technical detergent, rayon grade, bulk, works 


Domestic salt cake, bulk, works iii 
National Formulary (N.F. VII), drums 


Metallic sodium: 


Bricks, carlots, works 
Fused, lots of 18,000 pounds and more, works 
Bulk, tank, work -`--o 


! Delivered east of the Mississippi River. 


quoted during the year in the Oil, Paint 
and Drug Reporter were as follows: 


Price 

3333 PI MATE per hundred weight. $1.95 
IRIE PEIE UTOR Mes PON RUPEE do.... 1.55 
SE do 2. 00 
J do 1. 60 
J A per ton 56.00 

do 88.00 
3 8 do- 34. 00 
be do 28.00 
EE 8 per pound .23 
2 ³ÜW a AEA Susu mtu s do.... .23 
BEE do KA 
EE do .18 


FOREIGN TRADE 


Exports of sodium sulfate remained un- 
changed from 1966 with over 90 percent 
of the material shipped to Canada. About 
2 percent of the total sodium sulfate out- 
put was exported. 

Sodium carbonate exports represented 
about 5 percent of the U.S. total produc- 
tion of manufactured and natural sodium 
carbonate. About 80 percent of exported 
material was shipped to Canada, Mexico 
and Argentina. 

Imports of sodium sulfate increased 22 
percent over those of the previous year 
with all of the material coming from 


Canada, Belgium-Luxembourg, and West 
Germany. 

At yearend new tariff rates were estab- 
lished for imports of sodium compounds 
effective January 1, 1968 as follows: 

Tariff rate 
per short ton 


Sodium Carbonate: 


Calcined (soda ash) ...... $4.40 
Hydrated and sesqui- 
carbonate ............. 4.00 
Sodium sulfate: 
Crude (salt cake) ........ Free 
Anhydrous .............. .40 
Crystallized (glauber salt).. .90 


Table 3.—U.S. exports of sodium carbonate and sodium sulfate 


(Thousand short tons and thousand dollars) 


Sodium carbonate 


Sodium sulfate 


Year == 

Quantity Value Quantity Value 
1960.2: eat shut muda a tcu iu aaa ek Ü 2TT $9,030 13 $415 
EE EE 346 12,249 28 779 
11h ³ð 304 9,914 28 856 

Table 4.— U.S. imports for consumption of sodium sulfate 
(Thousand short tons and thousand dollars) 
" Crude (salt cake) Anhydrous Total : 
ear —— 

Quantity Value Quantity Value Quantity Value 
1965... A 261 $4,521 12 $242 273 84, 763 
1966- oc 8 223 3,769 13 205 237 3,981 
1961. 2952-1 273 4,312 15 190 288 4,506 


1 Includes glauber salt, as follows: 1965, 1 ton ($262); 1966, 602 tons ($6,981); 1967, tons NA ($4,069). 
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WORLD REVIEW 


Canada.—During 1966, four companies 
operating five plants in Saskatchewan pro- 
duced almost all of the 401,940 tons of 
sodium sulfate which was primarily used 
by the kraft paper industry. A small quan- 
tity of material was produced in Ontario. 
Production from two additional plants 
was expected in 1967 increasing capacity 
by 200,000 tons. 


Chile.—The Cia. Salitrera Anglo Lau- 


taro of Chile, announced that 200,000 tons 
of sodium sulfate would be produced an- 
nually.? 


Korea, South.—A soda ash plant with a 
capacity of 200 tons per day will be built 
at Inchon. The Oriental Chemical Indus- 
try of the Republic of Korea has placed 
an order with a Japanese manufacturer for 
the production of the necessary facilities.? 


TECHNOLOGY 


Results were published describing a 
barium cation-exchange resin method for 
sulfate removal from brines and bitterns 
of the Great Salt Lake and sea water. The 
process allows the recovery of other com- 
pounds, such as sodium carbonate, as co- 
products. Preliminary studies indicate that 
this process is economically feasible.* 

Cable for the conduction of electricity 
has been made by filling tough polyethyl- 
ene tubing with sodium metal. Test instal- 
lations of this cable have been made by 
electric utilities in various parts of the 
country. If accepted for power distribution, 
sodium can displace more expensive cop- 
per for this use. 


Research was continued to develop a 
sodium sulfur battery primarily to power 
an up-to-date model of the old-time elec- 
tric automobile.* 


2 Mining Journal (London). The Industry In 
Action. Cut in Chilean Nitrate Output. V. 268, 
No. 6856, Jan. 13, 1967, p. 31. 

3 Oil, Paint and Drug Reporter. Soda Ash 
Unit for Korea To Be Built by Japanese. V. 
191, No. 12, Mar. 20, 1967, p. 36. 

4D’Arcy R., George, J. M. Riley, and Laird 
Crocker. Preliminary Process Development 
Studies for Desulfating Great Salt Lake Brines 
and Sea Water. BuMines Rept. of Inv., 6928, 
1967, 34 pp. 

S American Metal Market. New Markets 
Brighten Future of Metal Sodium. V. 74, No. 
93, May 16, 1967, pp. 1,-7. 


Stone 


By William R. Barton" 


Domestic production of stone in 1967 
was 786 million tons valued at $1.2 bil- 
lion, compared with 813 million tons 
valued at $1.3 billion in 1966. Factors 
adversely influencing demand for stone 
during the year included high interest 
rates on construction loans and mortgages, 
revised Government construction alloca- 


tions due to other budgetary priorities, 
and unfavorable weather that slowed 
construction. The environmental effects of 
surface mining operations were of great 
concern. Stone operations accounted for 
8 percent of the land affected by surface 
mining in the United States, a share ex- 
ceeded only by coal, sand, and gravel. 


Table 1.—Salient stone statistics in the United States ! 
(Thousand short tons and thousand dollars) 


1963 
Sold or used by producers: 
Dimension satone. -2-00 ------ 2,616 
SE eeh $96,318 
Crushed stone 685, 75 
Mauere es $971,790 
Total eatone 688,366 
Vales ooo oe ee ee $1,068,108 
Exports (value) $6,1 
Imports for consumption (value) 2 $18,978 


1 Includes slate. 
3 Includes whiting. 
3 Data not comparable with other years. 


Legislation and Government Programs. 
—The results of the Kennedy Round of 
the General Agreement on Tariff and 
Trade (GATT) were published in “Tariff 
Schedule of the United States” (TSUS).* 
Almost all tariff reductions on stone items 
were to accrue in five approximately equal 
annual steps. In most cases, the ultimate 
effect on stone imports will be to cut 
1967 rates in half by 1972. Public Law 
90—14, 90th Congress, removed the import 
tariff on TSUS item 513.34, limestone to 
be used in the manufacture of cement. 

Depletion rate changes on clam and 
oystershells became effective in 1967 as a 
result of Public Law 89-809. For shell 
extracted and used for riprap, road 
material, rubble, etc., the depletion al- 
lowance remained at 5 percent. For 
other uses, however, the rate was raised 
to 15 rercent. 

The results of the Department of In- 
terior study of the environmental effects 
of strip and surface mining were pub- 


1964 1965 1966 1967 

2,545 2,403 2,327 2,011 
$96,970 $92,235 $89,814 $95, 472 
723,088 777, 839 811, 047 783, 581 
$1,037,594 $1,111,596 $1,170,901 $1,144,772 

725, 583 780,242 813,374 85,5 
$1,134,564 $1,203,831 $1,260,715 $1,240,244 
$6, 79 7,59 $9,442 $9,400 
3 $23,753 3 $20,414 3 $20, 739 $19, 823 


lished. The study reviewed current sur- 
face mining, environmental impact, 
problems, goals, present law, and recom- 
mended future action to minimize en- 
vironmental problems. The report stated 
that stone mining operations were 
responsible for 8 percent of the land 
disturbed by surface mining in the 
United States. The problem, as specifi- 
cally related to stone quarries, was 
discussed further in a magazine article.* 


Knoxville Office of Mineral Re- 
sources, Bureau of Mines, Knoxville, Tenn.; 
formerly commodity specialist, Division of 
Mineral Studies. 

2U.S. Tariff Commission. Tariff Schedule 
of The United States Annotated 1968. Pub. 222, 
1967, pp. 280-281. 

3 U.S. Department of the Interior. Surface 
Mining and Our Environment, A Special Re- 
port to the Nation. Washington, D.C., 1967, 
124 pp. 

4 Barton, William R. Prescription for Stone 
Quarries: Planning, Research and LSD (Logical 
Sequential Development). Rock Products, v. 
70, No. 12, December 1967, pp. 67-70. 
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DIMENSION STONE 


Trends and Developments.—Diversity 
was the keynote for dimension stone in 
1967. An increased range of colors, sizes, 
fabrics, forms, and finishes became 
available for aesthetic expression in archi- 
tecture. Lighter and more effective 
sandwich panels and veneers and more 
efficient handling and anchorage also 
contributed to product success. Architects 
took increasing advantage of the available 
materials by devising new ways to avoid 
the sterile concrete-and-glass-box approach 
to buildings that has contributed to the 
drabness of many cities. Precasting of 
stone-faced sandwich panels permits 
fabrication of facing for the panels in 
more than one piece. Desired angles, 
curves, or bevels are cut; then the facing 
is fabricated by bonding with epoxy resin. 

Increasing use of two or more types of 
stone in one building was a notable trend. 
Limestone, granite, marble, and slate 
were effectively combined by architects 
Jeter and Cook in a new home office 
addition for the Hartford Steam Boiler 
Inspection and Insurance Co. in Hart- 
ford, Conn. The American Savings As- 
sociation headquarters in Wichita, Kans., 
was designed by Schaefer, Schirmer, and 
Eflin in marble, slate, and glass to com- 
bine function and appearance. A unique 
feature is the “coursed random pattern" 
used in designing the marble veneer, 
achieving diagonal joints in place of the 
standard rectangular jointing of most 
building fronts. 


DOMESTIC PRODUCTION 


Dimension stone production was marked 
by the abundant assortment of stone 
varieties, finishes, and forms available. 
In 1967, of the total quantity of dimension 
stone sold or used by producers 31 per- 
cent was granite, 27 percent limestone, 
17 percent sandstone, 11 percent miscel- 
laneous stone, 7 percent slate, 4 percent 


5 Mining Congress Journal. Western Marble 
Co. V. 58, No. 4, April 1967, p. 10. 

€ Bottge, R. G., A Look At the Largest 
Dimension Stone Producer. Rock Products, v. 
70, No. 4, April 1967, pp. 90-93. 


marble, and 3 percent basalt. 

Marble production began in Nevada at 
the White Pine County quarries of West- 
ern Marble Co. Initia shipments of 
blocks to the cutting plant at Gene, Nev., 
were reported.’ 

While modernization and innovation 
were general industry axioms, in some 
instances older equipment and methods 
were put to good use. One producer uses 
old-time steam-channeling machines in his 
quarry, although now gas-fired burners 
supply the needed heat.“ Local lore states 
that certain of the machines date back 
to the construction of the Panama Canal. 


CONSUMPTION AND USES 


The total value of dimension stone sold 
or used during the year comprised 64 per- 
cent building stone, 25 percent monumen- 
tal stone, and 11 percent other stone. If 
all uses of dimension stone are considered, 
popularity by variety was granite, lime- 
stone, sandstone, slate, marble, and 
basalt. For monumental purposes granite 
represented 83 percent and marble 17 
percent. 

Two noteworthy uses of stone were 
described. One was the use of translucent 
marble panels in a new Atlanta depart- 
ment store.’ This introduced to large com- 
mercial buildings a type of stone used 
previously limited almost exclusively to 
institutional and educational type build- 
ings. Another article described the blend- 
ing of more than 80 types of stone in a 
mural in the Notre Dame Memorial 
Library.? 

PRICES 


Delivered prices for dimension stone are 
of almost infinite range depending upon 
stone variety, finish, form, and locations. 
Values reported to the Bureau of Mines 
will, however, give some insight into aver- 
age relative costs by stone variety and 
end use (value in dollars per ton): 


Building Monumental 
Rough Dressed Rough and 
dressed 
$3.45 $14.80 $7.20 
3.25 24.00 18.00 
1.60 3.40 . ......... 
3.00 o 
7 Stone Magazine. Lighting Accentuates 
Translucent Marble. V. 87, No. 2, February 
1967, p. 20. 


8 Winkler, E. M. Word of Life Stone Mural 
Dominates Notre Dame Library. Stone Magazine, 
v. 87, No. 10, October 1967, pp. 17-19. 


STONE 


FOREIGN TRADE 


In 1967, Canada was the destination 
of 57 percent of U.S. building and monu- 
mental stone exports. 

Fancy marbles continued to be the most 
highly valued import items. The leading 
source nations were Italy and Portugal. 


WORLD REVIEW 


South Africa, Republic of.—]et chan- 
neling was used in South Africa for the 
first time by Marikana Granite Quarries 
at Belfast, Eastern Transvaal.? 


United Arab Republic.—The use of 
resin to facilitate lifting of stone blocks at 
Abu Simbel was described.!“ Resins were 
used both as mortar to cement anchor rods 
in the stone and as reinforcing injections 
and coatings to strengthen porous or 
friable stone, or to fil hairline cracks. 
Techniques developed and compounds 
formulated may be useful for fortifying 
and handling delicate building stones. 


United Kingdom.—Some of the causes 
and mechanisms of decay in building 
stone were discussed. In particular, the 
relationship of microorganisms to accele. 
rated weathering was considered. The 
presence of  sulfur-oxidizing organisms 
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was found to be widespread and it was 
stated they will produce sulfuric acid to 
attack stone even in nonindustrial en- 
vironments. 


TECHNOLOGY 


A quiet revolution in stone processing 
technology continued during the year. 
Advances in equipment automation, new 
machine designs, and increased use of 
diamonds in cutting and grinding opera- 
tions were prime factors in facilitating 
the cheaper, quicker, and more effective 
handling and finishing of stone. Flame- 
jet channeling for primary quarry cuts, 
improved wire saws in both quarries and 
plants, and automated production line 
grinding and polishing equipment had 
increasing impact. The widening use of 
diamond abrasives has had the broadest 
effect on the stone industry. Diamond 
core drills are employed in prospecting. 
Diamond-set gang saws and circular saws 
cut the stone blocks to approximate size 
and shape with a several-fold increase in 
speed. Diamond grinding heads bring the 
stone to close tolerances. In addition to 
speed, the new tools are precise and 
waste little stock. At the same time, the 
need for abrasive grain inventories is 
reduced. 


CRUSHED STONE 


Trends and Developments.—Increased 
size of individual equipment items and 
total plant capacity key noted industry 
trends in 1967. Design, labor, and main- 
tenance costs were proportionately less 
with king-sized equipment and plants. To 
serve large metropolitan areas, huge 
plants that feature centralized control 
provided great efficiency. Portable ag- 
gregate plants are particularly adaptable 
for servicing jobs such as highway con- 
struction where the delivery site may move 
away from the plant or where only a 
limited market in time is foreseen, and 
for exploiting smaller deposits where re- 
source depletion is an early prospect. 
Larger scale portable plants have been 
achieved by unitization of equipment; 
that is, each operating unit is transported 
independently and assembled into a com- 
plete plant by interconnecting the units at 
the selected quarry site. In addition to 
providing portability for larger plants, 
the unitized plant concept offers flexibility 


by permitting selective changes of equip- 
ment to vary capacity or alter product 
specifications. À trend in an early stage of 
development is the application of auto- 
mated circuit control to take full ad- 
vantage of central plant control installa- 
tions. 

Although the accelerating develop- 
ment of metropolitan areas has resulted 
in rapidly increasing markets for crushed 
stone, it carries with it problems involv- 
ing zoning regulations, air and water 


9'The South African Mining & Engineering 
Journal (Johannessburg). Rocket Jet Cuts S. A. 
Granite. V. 78, pt. 1, No. 3864, Feb. 24, 1967, 


Epoxy Resins In Re- 
storation of Abu Simbel. V. 87, No. 3, March 
1967, pp. 11-13. 

11 Pochen, J., and C. Jaton. Causes of the 
Deterioration of Building Materials. Part II, The 
Role of Microbiological Agencies in the Deter- 
ioration of Stone. Chem. and Ind. (London), 
No. 38, Sept. 23, 1967, pp. 1587-1589. 

Schaffer, R. J. Causes of the Deterioration 
of Building Materials. Part I, Chemical and 
Physical Causes. Chem. and Ind. (London), No. 
38, Sept. 23, 1967, pp. 1584-1586. 


p. 439. . 
10 Stone Magazine. 
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pollution, and strict land rehabilitation 
requirements. The industry has adopted 
many measures to be a better neighbor. 
Green screens, landscaping, and plant 
and equipment enclosures suppress noise 
and dust and provide a more attractive 
appearance. Dust collectors and settling 
ponds reduce air and water pollution to 
acceptable levels. Blasting practices are 
controlled with noise and ground shock 
suppression in mind, and full advantage 
is taken of possibilities for improved 
community relations. A necessary part of 
quarry planning is the post-mineral-ex- 
traction use of the land. The quarry site 
can be developed so that it will provide a 
more beneficial service to the community 
than was possible prior to quarrying 
activity. One other solution is quarrying 
stone underground in metropolitan areas. 
The social desirability and the economic 
feasibility of such a course were discussed 
in a journal article.” 


DOMESTIC PRODUCTION 


Crushed stone production failed to post 
sizable gains for the first time in many 
years. The quantity produced declined 
from 811 million tons in 1966 to 784 
million in 1967. 

The effect of rising costs on profits, 
product quality control, and environmen- 
tal problems were of continued concern. 
The control of dust to avoid air pollution, 
was a major operating problem encoun- 
tered in the production of crushed stone. 
The problem, as far as the crushed stone 
producer is concerned, is simply to sup- 
press, collect, or avoid generation of air- 
borne dust during his operations. The 
means are at hand to do this; it is only a 
matter of their wise utilization.? 

The deepest underground stone produc- 
tion facility was described.!“ The mine, 


12Dunn, J. R., W. A. Wallace, and A. 
Baisuck. Underground Stone Production: The 
Answer to Many Problems? Pit and Quarry, v. 
59, No. 10, April 1967, p. 183-186, 202. 

13 Hankin, Montagu, Jr, Is Dust The Stone 
Industry's Next Major Problem? Rock Products, 
v. 70, No. 4, April 1967, pp. 80-84, 110. 

Metzger, C. L. Dust Suppression and Drilling 
With Foaming Agents. Limestone, v. 4, No. 11, 
Spring 1967, pp. 24-25, 43. 

14 Bergstrom, J. H. The Monsters at 2,200 
Feet. Rock Products, v. 70, No. 3, March 1967, 
pp. 80-82, 110. 
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at Barberton, Ohio was of special interest 
since it is typical of underground stone 
mines producing over 1 million tons per 
year. It features the largest loaders used 
underground anywhere in the world. 


CONSUMPTION AND USES 


A new synthetic white mineral aggregate 
called “Sinopal” was marketed by Martin 
Marietta Corp. It was produced by fus- 
ing a mixture of sand, limestone, and 
dolomite in a kiln. The product combines 
skid resistance properties with high re- 
flectivity. 

Much material that the stone producer 
considers waste can be used by blending 
borderline or substandard aggregates with 
a few percent lime. Articles were published 
on techniques and case histories.!5 

The use of limestone to combat air 
pollution or neutralize acid stream waters 
was increasingly recognized as offering 
the advantage of potential low costs. 
Bureau of Mines research conducted on 
acid mine waters showed that coarse 
limestone, one of the cheapest neutraliz- 
ing agents known, had potential use when 
contacting acid water during abrasive 
agitation. The use of limestone to reduce 
sulfur dioxide in stack gases from burn- 
ing coal showed promise as one means of 
combating that serious air pollutant. 
Contacting hot flue gases with powdered 
limestone or dolomite has been suggested 
as probably superior to premixing the 
limestone with the coal to be burned.” 


PRICES 


Aggregate prices for various United 
States cities are regularly quoted in 
Engineering News-Record. In December 
1967, typical prices, per ton of crushed 
stone, were as follows: 


J inch 34 inch 

V TES $1.85 $1.88 
TOP 2.57 2.77 
2.80 2.80 


15 Roads and Streets. Lime Helps Pave Durably 
With Substandard Hotmix Stone. V. 110, No. 7, 
July 1967, pp. 34-40. 

Rock Products. How To Spike Marginal 
E Eee V. 69, No. 7, July 1966, pp. 82- 

16 Deul, Maurice, and E. A. Mihok. Mine 
Water Research. Bur. of Mines Rept. of Inv. 
6987, 1967, 24 pp. | 

17 Minerals Processing. Limestone as an Aid 
in Air Pollution Control. V. 8, No. 2, February 
1967, pp. 6, 8. 


STONE 


For industrial uses, ground stone was 
much higher in price. Typical price 
ranges for fillers and extenders per ton, 


Silica, crystalline..................... 
Silica, amorphous, 325-mesh........... 
Silica, amorphous, ultra- fine- ground 
Whiting, natural water ground......... 
Whiting, dry ground, 325-mesh........ 


Typical prices for special roofing or 
facing granules were $7 to $15 per ton, 
and special sizes or types and terrazzo 
aggregates were quoted as high as $30 to 


$70. 
FOREIGN TRADE 


Canada continued to be the major desti- 
nation for crushed stone exports from the 
United States, receiving in 1967, 86 per- 
cent of the total. 

Crushed stone imports included stone 
chips from Canada and Europe, oolitic 
aragonite from the Bahamas, and whit- 
ing from Europe. Imported crushed lime- 
stone from Canada is a principal raw 
material for cement and lime manufacture 
in the Pacific Northwest. 


WORLD REVIEW 


Canada.—Industrial Minerals of Canada 
purchased the St. Donat, Quebec silica 
(quartzite) operation of Simsil Mines. 


France.—A digital computer system in- 
stalled near Lyon performs a quarry 
scheduling function by selecting limestone 
from various blocks to blend a proper 
cement plant feed.!? 


Israel.—The technical aspects of quarry- 
ing in the principal stone quarries were 


described.“? 


New Zealand.—Scoria, basalt, and gray- 
wacke quarries on North Island were 
described. 


United Kingdom. Extraction and proc- 
essing of chalk in Lincolnshire was 
described.?“ A modern crushing and 
screening plant was erected at Dene 
quarry, Derbyshire, the site of an earlier 
dimension stone operation. Special fea- 
tures include an asphalt coating plant.“ 
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quoted in the American Paint Journal, 
follow: 


FFF 820. 50-845. 40 
e 28.0055. 10 
per eee 65. 00 
FCC 37.00 
CC 14.00-19.00 
TECHNOLOGY 


The first comprehensive book in 30 
years on the chemistry and technology of 
lime and limestone was published.? A 
catalog of information for scientists and 
engineers and an expert insight into the 
economics and structure of the industry 
are provided by the volume. 

Modern crushed stone plants being 
built today show no radical departures 
from convention. Each may have a few 
novel features, and certainly there is a 
trend toward larger equipment units, but 
technologic change in this industry is not 
dramatic. In addition to larger equip- 
ment units, efficient production schedul- 
ing was recognized as a. means of avoiding 
costly overtime pay and plant shutdowns. 
A description of a linear programing 
technique to solve production scheduling 
problems was presented. Complete com- 
puterization offers possibilities in product 
specification and blending control and in 
balancing plant operation for optimum 
efficiencies. The importance of quality 
control involving size gradation and dis- 
tributions for construction aggregates was 
described.*5 


18 Lebel, Francois, A. M. Guy, and D. E. 
Hamilton. Computer Direction of Quarry Opera- 
tions. Pit and Quarry, v. 59, No. 9, March 1967, 
pp. 106-112. 

19. Fish, B. G. Quarry in Israel. The Quarry 
Managers’ J. (London), v. 51, No. 4, April 
1967, pp. 133-142. 

20 Fish, B. G. Quarry in New Zealand. The 
Quarry Managers’ J. (London), v. 51, No. 8, 
March 1967, pp. 77-84. 

21 Cement, Lime and Gravel (London) Feeding 
and Screening Chalk. V. 42, No. 7, July 1967, 
pp. 217-219. 

22 The Quarry Managers’ Journal (London). 
New Outlets for a Derbyshire Limestone Opera- 
tion. V. 51, No. 9 September 1967, pp. 325-330. 

23 Boynton, R. S. Chemistry and Technology 
of Lime and Limestone. Interscience Publishers, 
New York, 1966, 520 pp. 

24Manula, B., and Y. C. Kim. Optimum 
Production Planning. Preprint 67 AR 34, pres. 
at the ann. meeting of the American Institute 
of Mining, Metallurgical, and Petroleum Engi- 
neers, Los Angeles, Calif., Feb. 19-23, 1967, 25 
pp. available from AIME, New York. 

25 Copas, T. L. Crushed Stone. Limestone, v. 
4, No. 18, Fall 1967, pp. 14-15, 35, 87, 89. 
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The cost of breaking rock, from quarry 
blasting to fine crushing and grinding, is 
one of the principal components determin- 
ing crushed stone prices and profits. 
Potential savings from even modestly im- 
proved technology therefore are substantial. 
This has led to a considerable amount of 
in depth research. Fundamentally, rock 
breakage is achieved through mechanically 
or thermally induced stresses or combina- 
tions of the two. Most research has been 
done in, and most stone is broken by, 
mechanical stress.“ Rock breakage while 
tunneling beneath urban areas is of 
special concern. À major factor in reduc- 
ing costs and avoiding deleterious side 
effects, such as noise and vibration from 
blasting, has been the continued develop- 
ment of tunneling machines. 

Loading and transportation innovations 
feature large, rubber-tired equipment— 
not only bigger trucks, but huge articu- 
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lated loaders. Some of these, such as the 
Michigan Model 475, are called “artic- 
ulated rock shovels” and are equipped 
with 12-cubic-yard buckets. Such a 
machine can fill an 85-ton hauler in five 
passes. Other interesting developments 
include the vari-flow bin gate developed 
by General Tire and Rubber Co. to closely 
control quantity or permit measured dis- 
charge rate of granular materials from 
storage or transportation units. The use 
of economical subterranean conveyor 
systems to reclaim stockpiled material was 
described in the literature.“ 


26 Geller, L. B. Research in Improved Methods 
of Rock Breakage. Trans. Inst. Min. and Met. 
(London), v. 76, sec. A, No. 728, July 1967, pp. 
A105-A124. 

27 Howard, T. E. Rapid Excavation. Sei. 
American, v. 217, No. 5, November 1967, pp. 


28 Matthews, C. W. Economical reclaiming-- 
try subterranean conveyors. Rock Products, v. 
EE. 2, February 1967, pp. 98, 101, 102, 
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Table 2.—Stone sold or used by producers in the United States, by States 


(Thousand short tons and thousand dollars) 


1966 1967 
State — — -— —ää—äö—ä — Os 
Quantity Value Quantity Value 

/ ðüj ͤ D usi uc iE 1 20,744 1 $36,839 18,371 $33,346 
POLI MR ðé— ⁰⁰y ⁰ ct a W w w Ww 
RT EECH 2,271 4,09 1,910 3,491 
Arkansas EE 19,109 24,588 17,454 23, 236 
California. ann en annann 43,051 61,336 37,186 55, 263 
Colorado uu u od LA Ecc Leld eet rre 7,031 11,331 2,992 5, 485 
Connecticut 5, 618 10, 482 5,097 10, 141 
Delaware________ c cllc 2c 2s cssc essor 21 52 2 525 
( ͥͤͤ³˙Üdſ ⁵³⁰˙w y i AS 35,023 38,167 133,971 1 38,723 
PPPUBrr e ⁰⁰⁰m M 24, 690 48,193 23,418 49, 953 

11bĩôõĩr.. ³oww1q xy ry t e mice S e 5,079 9,482 4,100 ; 
Idaho. z 2 ceu OR EE y a 2,694 5,415 1,986 4,833 
Illinois. 46,157 60, 961 48,458 66, 757 
KE, KEN, EE 24,323 42,474 26,977 46,725 
OWS eae ae ee a ee 8 27,729 40,081 26,133 37,912 
Kansás EE 8 14,027 18,789 13,551 17,806 
Kentucky.. oo ß ee sed LE 22,667 31,179 24,812 85,481 
I 2i EE 18,091 1 11,253 7,599 11,174 
r a T A eA ai 1,092 3,622 1,159 , 999 
Maryland. -aaa aaan 13,868 27,229 14,479 28,581 
Massachusetts 6,424 17, 624 6, 203 17,724 
MichigWa eee 87,864 40,380 36,432 39,910 
Minnesota.. ee. : 4,901 11, 688 4,160 11,442 
Mississippi 11,532 1 1,641 1,879 2,055 
IBSOUTI on ³ÜAZrm mtr 88 35, 240 53, 898 36, 585 53, 953 

IM ON CONG ĩ§ĩ?ẽéC ³ 4,150 5,21 78 ; 
Nebraskag_____ 4 ⁰³⁰ cac BEE 5,055 7,916 4,846 7,483 
E, VEER 2,002 2,519 1,375 2,145 
New Hampshire 206 2,091 413 2, 887 
New Jersey_____..._____._.___.___.-_---_---- 12,453 28,056 12,611 28,253 
New Mexico ....... ....... 2, 652 4,056 1,391 2,403 
New ée EEN 34,130 54,543 33,389 56,615 
North Carolina zz 122, 377 1 36, 136 24, 507 41,488 
North Dakota. ___._.________.-.___._.----_-- 170 305 596 1,092 
Eege E ee 45,002 72,900 45,458 72,534 
Oklahoma. .___.._._.___________________ ue 15,334 17,393 16,355 18,932 
, nudes ee eee ae Si c 33,288 48, 335 13,201 20,256 
Pennsylvania 59, 088 99,233 60,155 103,157 
Rhode Island. .....................-...-.-.-- 535 1,734 481 1,618 
South Caroling -aoa 0aaaa0aaaaaaaaaaaaa 8,129 12,510 8,310 1 12,366 
South Dakota 2,186 7,995 1,866 9,694 
Tennesse 131, 260 1 41,432 1 31,463 1 41,958 
)))) ³ðV—³5¹—?WÜoi]gu ⁵ðâd ͤ;km x 8 43, 578 56, 659 49, 424 61,577 
Utah. pees «] sma sasa u ee u oe ea 2,246 4,269 1,831 4,108 
Vemonrtrtrtdd 2; 2, 650 19, 926 2, 761 20, 520 
I ˙¹ũu ⅛ K x ee E 34,151 55, 550 31, 824 52, 470 
Washington... .d ese ses 13, 250 20, 273 14, 454 19,099 
West Virgini nn 1 9,738 1 16,354 19,445 116,447 
P] -aaaea 16,150 23, 735 17,122 24,863 
WYOMING uu ae oA eee E el 1,393 2,560 1,246 2, 375 
Undistributed. .......... 2:2 222222 LL L2 ll Llls- 2, 766 8,260 1,602 5,144 
Total BEER 813,374 1,260,715 785,592 1,240,244 
American Samoa. _____..-_.-...---.------.--- 12 12 28 50 
Guam. ZTE us umu ½ B enh z S SID 900 1,396 511 820 
Panama Canal Zone 114 267 100 245 
Püerto Ritó- . ⅛ Sask boats 5, 732 10, 541 7,269 12,795 
Virgin Islands._.._....._.._______..__-.-.._-- 88 303 183 851 
Waben... ied 11 66 31 150 


W Withheld to avoid disclosing individual company confidential data; included with Undistributed. 

1 To avoid disclosing individual company confidential data, certain State totals are incomplete, the portion 
not included being combined with **Undistributed.'' The class of stone omitted from such State totals is noted 
in the State tables in the Summary chapter of this volume. 

2 Data may not add to totals shown due to independent rounding. 
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Table 3.—Stone sold or used by producers in the United States, by kinds 


(Thousand short tons and thousand dollars) 


Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity tity 
Year 
Basalt and Limestone 
Granite related rocks Marble and dolomite Shell 
(traprock) 
1963_____ 48,793 $103,633 72,958 $111,538 1,902 $34,567 489,243 $680,060 19,019 $29 , 420 
19644. 56,331 114,465 66,090 108,929 2,093 36,693 511,026 713,675 19,493 30,157 
1965. 60,028 121,147 75, 529 121,278 2,172 38,662 554,936 765,927 21, 560 34, 314 
1966..... 65,888 128,558 88,623 147,594 2,244 36,203 569,577 794,279 21,662 32, 783 
1967 63,073 133, 664 68,483 116,913 2,232 35, 245 569,463 799,687 22, 026 33, 334 
Calcareous marl Sandstone Slate Other stone 1 Total 2 
1963..... 1,164 989 28,978 58,015 902 11,365 25,407 38,521 688,366 1,068,108 
1964. 1,043 899 28,169 62,087 1,308 13,695 40,035 53,964 725,583 1,134,564 
1965. 1,291 1,125 29,097 61,710 1,263 18,697 34,366 45,971 780,242 1,203,831 
1966 1,358 1,195 27,493 57,037 1,356 13,680 35,173 49,386 813,374 1,260,715 
1967 1,227 1,084 27,249 60,494 1,260 14,615 30,580 45,208 785,592 1,240,244 


1 Includes mica schist, conglomerate, argillite, various light-colored volcanic rocks, serpentine not used as 
marble, soapstone sold as dimension stone, etc. 
2 Data may not add to total shown due to independent rounding. 


Table 4.—Dimension stone sold or used by producers in the United States, by uses 


1966 1967 
Use Thousand Thousand Value Thousand Thousand Value 
short cubic (thou- short cubic (thou- 
tons feet sands) tons feet sands) 
Building: 
Rough: 
Construction 188858 zsn $2,071 288 35, 325 
Architectural. ..............- 287 3, 854 ; 273 3, 640 6,257 
Dressed: 
SSW T d ere qut et ire 455 5,963 17,335 270 3, 530 15, 952 
ei ee eee 209 2,632 24,410 244 3,141 25,966 
Rubblé.. 2. eroe 528 1,879 338 1. 583 
Roofing (slatedgꝛgĩꝛAꝛ 7A EE 2,243 "s < casas 2,202 
Millstock (elatei ) 26. 3,675 24 2i 3,801 
Monumental (rough and dressed) 2 252 3,102 22,096 238 2,920 28,416 
Paving block. S 158 6 ' Snes 173 
; ennaa 156 1,901 4,689 167 2,037 4,956 
i aa a aa na 201 1,042 5,121 130 ........ 3,532 
Miscellaneous uses (slate)... .... 2... =----- .l2.2.... -------- 64. oo esse 2,309 


TTT 2327 —8 89, 814 2,011 22.4 95,472 


1 Includes a small quantity of stone for precision surface plates and monumental work. 
2 Includes stone for precision surface plates. 

s Includes a small quantity of slate for miscellaneous uses in 1966. 

* Data may not add to totals shown due to independent rounding. 
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Table 5.—Granite (dimension stone) sold or used by producers in the United States, by uses 


1966 1967 
Use Thousand Thousand Value Thousand Thousand Value 
short cubic (thou- short cubic (thou- 
tons feet sands) tons feet sands) 
Building: 
Rough: 
Construction DD. ese ss $640 18 a $687 
Architectural. ..............- 22 257 1,054 39 462 1,594 
Dressed: 
Construction......-.......-_.- 12 150 872 45 552 6,334 
Architectural...............- 60 726 7,884 21 252 5,581 
Rubble... . ee 84 sv 387 58 287 
Monumental: ! 
n esauen 191 2, 370 10, 005 165 2, 036 9,271 
Dressed... ee 8 43 520 8,256 55 661 10,144 
Paving block „„ 158 8 173 
Curbing and flagging_...._ 154 1. 870 4,591 166 2,023 4,929 
/ 2 toe eA G26). — 33,847 630 ........ 89,000 


1 Includes stone for precision plates. 
? Data may not add to totals shown due to independent rounding. 


Table 6.—Granite (dimension stone) sold or used by producers in the United States in 
1967, by State 


State Active Short Value State Active Short Value 
plants tons plants tons 

California 7 9,838 81, n 415 Oklahoma 9 12,016 $949,421 
Colorado 4 1,160 41,84 40 South Carolina 3 14,70 W 
Georgia 29 151,812 4, 153, 520 South Dakota 6 26,349 6,117,018 

At volo. ae 6 6, 66 198,475. Tenasss 8 53,134 2,618,044 
Minnesota 16 22,462 3,794,694 Wisconsin 11 9,504 2,198,558 
Missouri 1 2, 047 245,556 Other States 11. 30 259, 795 13, 643, 498 
New Mexico......... 1 40 15,000 
New Lor 4 22,127 488 , 837 Total 138 629,817 38,999,583 
North Carolina 8 38,165 2, 886, 707 Puerto Rico 8 16,300 49,600 


W Withheld to avoid disclosing company confidential data; included with “Other States. 
1 Includes plants in Connecticut (3); Massachusetts (9); ‘New Hampshire (2); Pennsylvania (3); Rhode 
Island (2); Vermont (9); Washington (2). 


Table 7.—Marble (dimension stone) sold or used by producers in the United States,! by uses 


1966 1967 
Use Thousand Thousand Value Thousand Thousand Value 
short cubic (thou- short cubic (thou- 
tons feet sands) tons feet sands) 
Building: 

55 Architectural. 17 208 $744 15 175 $568 

ressed: 
Saeed LLL lll ll ll .. 20 228 1,935 11 126 1,507 
(C EEN 28 328 7,905 30 353 10,011 
Monumental (rough and finished) 18 212 3,835 19 221 4,000 
S ech Soest ee B3: eotea. 14,419 JA. om tes 16,086 


1 Produced by the following States in 1967 in order of value of output and with number of plants: Georgia 
(1); Vermont (8); Missouri (4); Tennessee (9); Alabama (1); North Carolina (1); Montana (3); Arkansas (2); 
New Mexico (2); Washington (4); Arizona (2); Colorado (1); California (2); Texas (1). 

2 Data may not add to totals shown due to independent rounding. 
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Tabie 8.—Limestone (dimension stone) sold or used by producers in the United States, 


by uses 
1966 1967 
Use Thousand Thousand Value Thousand Thousand Value 
short cubic (thou- short cubic (thou- 
tons feet sands) tons feet sands) 
Building: 
Rough: 
onstruction................- f s $364 8 $396 
5 Architectural FFC 206 2, 838 3, 510 190 2, 602 i 
ress 
Sawed EE 243 3,235 7,130 187 2,508 5,909 
at Nene eat tm ee ata ean 12 6,4 69 6,006 
SE 1299 „.uͤ 654 52 26 405 
Curbing id flagging.................. 272 148 26 335 147 
Total X... lo dese ele coos SSS csusses 18, 270 561 6, 380 16, 552 


1 Includes house stone veneer 
2 Data may not add to totals 'shown due to independent rounding. 


Table 9.—Limestone (dimension stone) sold or used by producers in the United States in 
1967, by States 


State Active Short Value State Active Short Value 
plants tons plants tons 

Illinois.............. 3 5,338 $109,970 Nebraska. 8 10,989 $59,988 
Indiana 22 349,099 10,772,336 Ohio 3 6,132 51,276 
JIowa..............-- 8 12,420 248,529 Oklahoma 5 2,646 85,248 
— ——Ü— 8 6,906 507,610 Uta 1 500 15,000 
Michigan. 3 3,241 61,150 Wisconsin 27 82,716 1, 455, 945 
Minnesota Í 24, = F 981 : 151 Other States 11. 15 56,231 1,198,240 
uri. 49, — U 
Montana 1 68 600 Total 105 560,920 16,552,148 
Puerto Rico 9 101,450 292,750 


W Withheld to avoid disclosing individual company confidential data; included with ‘‘Other States.” 
1 Includes plants in Alabama (1); California (2); Colorado (2); Florida (1); Idaho (1); New York (2); Rhode 
Island (1); South Dakota (1); Texas (3); and Wyoming (1). 


Table 10.—Limestone sold by producers in the Indiana oolitic limestone district, by classes 


Construction 
Year Rough blocks Sawed and semifinished 1 Cut 


Thousand Value Thousand Value Thousand Val 
cubic feet (thousands) cubic feet (thousands) cubic feet D Mere $ 


/. ee 2,183 $2 , 533 2,518 $5,217 530 $2,258 
1964... hen 8,035 3,535 22,752 25,770 400 2,624 
EES 2,651 3,095 22,052 24,503 481 3,091 
188 E 2, 648 3, 266 2 2, 078 24, 721 523 3,547 
%//· EE 2,424 3,202 21,755 24,283 464 3,254 
Construction—Continued 
Other uses Total 3 
Total 3 
Thousand Thousand Value Thousand Value Thousand Value 
cubic short (thou- short (thou- short (thou- 
feet tons sands) tons sands) tons sands) 
KEE 5,231 879 $10,008 197 $640 576 $10,648 
19064... ꝶmꝛ 8 6,187 449 11,929 71 225 520 12,154 
// ei eee ix 5,184 376 10,689 70 224 446 10, 913 
19600. 572.50 A o zs SA 5,249 380 11,534 ? 60 ? 203 440 11, 137 
1067 REPREHEN 4,648 837 10, 740 212 2 32 349 10,772 


1 Includes house stone veneer. 
2 Includes small quantity produced outside the district. 
3 Data may not add to totals shown due to independent rounding. 
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Table 11.—Sandstone (dimension stone) sold or used by producers in the United States, 


by uses 
1966 1967 
Use Thousand Thousand Value Thousand Thousand Value 
short cubic (thou- short cubic (thou- 
tons feet sands) tons feet sands) 
Building 
Rough: 
Construction 58 3918 68 111 81, 139 
Architectural 11. 42 556 829 37 493 716 
ressed: 
Sawed 1____ ˙ A kt 129 1,749 4,704 118 1,627 4,374 
(nb. Tugu as ed Lore bb eA D. 44 564 1,644 26 332 1,733 
Bubble ` 2 ee re eee 289 40 53 344 
Url 8 2 31 98 1 15 41 
Flagging... EE 58 714 1,621 56 675 1,995 
Total: u u zulu l eh be su 4000 10, 103 946  ........ 10,342 


1 Includes stone for refractory use to avoid disclosing individual company confidential data. 


Table 12.—Sandstone (dimension stone) sold or used by producers in the United States in 
1967, by States 


State Active Short Value State Active Short Value 
plants tons plants tons 

Arizona.............- 11 4,609 $93,253 New Mexico........... 6 849 $5,475 
Arkansas 6 8,965 265,971 New York............. 12 40,825 1,641,528 
California 7 6,283 W Ohio 15 125, 794 4,691,241 
Colorado 26 13, 783 213,572 Oregon 1 335 6, 700 
Connecticut 3 8,920 55,065 Pennsylvania 32 74,988 1,571,971 
Indiana 6 10, 898 288,335 Tennesse 7 18, 337 402, 186 
E 1 141 3,800 Utah.................- 9 , 665 56,855 
Massachusetts 2 1,393 141,488 Wisconsin 9 2,826 50,231 
Michigan 2 2, 770 16,690 Wyoming 3 982 18,610 
innesota...........- 1 46 6,000 Other States 1,......... 29 25,044 776, 879 
Missouri 1 1,500 36, 000 — —e—ä—ͤ — — 
Montana 1 25 625 Total 184 345,978 10, 842, 475 


W Withheld to avoid disclosing individual company confidential data; included wtih Other States.“ 
1 Includes plants in Georgia (2); Maryland (3); Nevada (2); New Jersey (1); South Dakota (2); Texas (2); 
Virginia (3); Washington (6); and West Virginia (2). 


Table 13.—Slate (dimension stone) sold or used by producers in the United States,! by uses 


1966 e 1967 
Quantity Quantity 
Use ——————————— Value — Value 
Thousand Thousand (thousands) Thousand Thousand (thousands) 
short tons sq. ft. short tons sq. ft. 
Roofing slat᷑ee 9 23 157 32, 243 21 56 $2,202 
Millstock: 
Electrical, structural, and sanitary 
EE 2 2,581 2, 736 21 2,318 2, 866 
Blackboards and bulletin boards 2. 2 736 658 2 659 688 
Billiard Coabieropg ....---.------- 2 230 281 2 225 296 
Total EE 26 3, 547 3, 675 24 3,201 8,801 
Flagstones 5... ....... 2... 2-22... --- 63 10,907 1,494 44 7,679 1,293 
Miscellaneous uses bet, unos 1,761 61  J- aaaea 2,909 
Grand total ----2- 166 | .......- 9,178 154 . ` see 9,605 


1 Produced by the following States in 1967 in order of value of output and with number of plants: Virginia 
(2); Pennsylvania (10); Vermont (21); New York (11); North Carolina (2); Utah (1); and Maine (1). 

2 Includes a small quantity of school slates. 

3 Data may not add to totals shown due to independent rounding. 

4 Includes slate used for walkways and s ing stones. 


5 Includes slate for aquarium bottoms, bu gs, fireplaces, flooring, headstones, shims, and unspecified uses. 
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Table 14.—Miscellaneous varieties of dimension stone sold or used by producers in the 
United States,! by uses 


ü 1966 1967 
se —!i — — —üö P- h - [F- h. OSSIIY. —— 
Thousand "Thousand Value Thousand "Thousand Value 
short tons cubic feet (thousands) short tons cubic feet (thousands) 
Building: 
Sawed 2222 51 601 32, 694 39 197 $2,708 
Rubble- 8 226 — 516 150 1,684 484 
FHage ing’ Ro 5 56 97 4 21 84 
d MEET 282. —„—T—ůUl?« 3,307 194 1,903 3,275 


1 Produced by the following States in 1967 in order of value of output and with number of plants: California 


(15); Hawaii; Pennslyvania (3); Maryland (1); Wyoming; Oregon (1); New Mexico (5); Washington (3); 
Montana (1). 


; oe rough and cut stone and stone for refractory use to avoid disclosing individual company confiden- 
tial data. 


3 Data may not add to totals shown due to independent rounding. 


Table 15.—Crushed and broken stone sold or used by producers in the 
United States, by uses 


(Thousand short tons and thousand dollars) 


1966 1967 
Use — ẽb 
Quantity Value Quantity Value 

Arielle ese 30, 326 $52,693 29,528 $52,027 
ö§·;¹w f yd cielo 8 102, 702 109, 997 98,263 106,416 
Concrete and rogdetone. „„ 514,324 705,617 521,364 720,320 
all Ae EEN 277 644 136 413 
Ree 33,348 49,913 29,235 45,836 
ICD WEE ur ALE E 2,183 6,914 2,325 7,982 
Lime and dead-burned dolomite. ................... 28,740 49,587 29,415 50,514 
Mineral food... | | ll... e E eR opem Ra 654 3,887 782 3,982 
Poultry BI... ode oe e EE 686 4,913 412 3,753 
Railroad ballast e 14, 061 17,045 13,486 16,277 
Réfractory... o loue mica x 22 T 2 22 961 8,038 819 8,341 
E ̃! ⁰ :::.... 8 36, 739 48, 030 30, 637 45, 840 
Roofing, granules, aggregates, and chips 2,205 12,222 3,378 14,773 
Stone SONG. con. sec cue eet NEE 8 3,068 4,258 3,532 5,433 
Ka LEE 333 4,738 304 4,482 
Other uses 1 and unspecified... -.------------------ 40,440 92,405 19,970 58,381 

JC??? ]ꝛ ae oe ⁊ĩð2Ä ⁊ð; K E ee ere 811,047 1,170,901 783,581 1,144,772 


1 Includes some uses listed separately in the Limestone and Sandstone sections. 
2 Data may not add to totals shown due to independent rounding. 


Table 16.—Crushed stone sold or used by Government-and-Contractor producers in the 
United States, by uses ! 


(Thousand short tons and thousand dollars) 


1966 1967 
Use — — —ü 
Quantity Value Quantity Value 
Concrete and roadestone .... .. .. .....-- 43,462 $58,341 44,978 $53,818 
ww seas ee ree eee y ee See 18,130 20,332 11,608 17,023 
Agricultural (limestonennnnnn 22.2.2. ll lll lll. 168 327 166 317 
e v ß aaa aa 21, 631 29, 438 6,213 5, 609 
P7777; ⁵³Üü1.˙¹Üä ⅛⁰.! . 83, 391 108, 438 62, 965 76, 767 


1 Figures represent tonnages reported by States, count ies, municipalities, and other Government agencies, 
produced either by themselves or by contractors expressly for their consumption, often with publicly owned 
equipment; they do not include purchases from commercial producers. 
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Table 17.—Crushed stone for concrete and roadstone sold or used by producers in the 
United States, by States 


(Thousand short tons and thousand dollars) 


1966 1967 
State —————— ee 
Quantity Value Quantity Value 
Arr.! õĩ edt betes eed cece. BS 10,981 $13,048 18,787 1$10,887 
RE EENEG W Ato CONO 
r aaaea 1210 1471 1210 1524 
Arkansas 11,718 14,109 10,236 12,906 
California. cr co ⁰˙¹ aaan 13,856 1 18,662 1 13,055 1 16,614 
ei aaa 1431 1 588 766 1,086 
Sanne aaan 14,774 17,712 4,687 8,000 
Delaware ¿uc ² ³ U 0 dd 8 W 
lt E ¹äʃrI Simus ee eg Cao 8 1 29,515 1 30,713 128,885 1 30, 737 
GOR % ce es yd ec ee d LL 118,492 124,989 18, 786 27,320 
AWal LLL umu ee ⁰ .. EE 4,536 8,716 3,599 6,548 
J7ͤõͤõĩ˙i.: eee hu ñ¼ EE 12,109 13,004 11 1,330 
1 6 | AC Vc} g; 3 2 o ³⁰5„m r 8 34,521 45,381 37,958 52,264 
ET EE EE 17,784 23,055 20,597 27,266 
JO Wa La e cuu hem. soe totu y ate S LS DA M. 19,746 27,899 19,119 27,024 
Kansas___ ccs ee A D ee 19,136 112,238 8,889 11,860 
Fee re ee er E 17,965 24,425 19,690 28,050 
Louisiana___.._______.________.___._____ s2 2222222222 1 6,2317 1 8,600 15,671 1 8,039 
RUE ee 340 882 430 978 
Maryland... eee eee 11,087 19,413 11,917 21,009 
Massachusetts. 222222 5,149 8,855 4,905 8,960 
NM 6,484 7,754 5, 979 7, 348 
Minnesotaa....d cse L 222a 3,960 4,902 13,150 18,975 
il y . bes See eee 1 199 1 181 1 213 1 194 
Missouri ↄ i LLL 118,711 125,524 120,246 126,065 
eiii ³ðV hdd hen tus eon tid oe 12.371 12,519 2,541 2,206 
Nebraska... LS LL LL SL LLLL LLL 1,886 3,145 1,621 2,677 
E TEE 88 989 761 1 234 1210 
New Hampshirek 222 c L2 22s 22s sss 222222- W W WwW W 
New EES 10,389 21,649 110,784 122,496 
New Mexico ooo 1,884 2,785 850 1,589 
New e ˙³WA ea deep du eee 22,313 38,432 23,112 41,598 
North Carolina LLL cL eee 21,132 31,943 23,301 35,772 
North Dakota . 2 222 LLL LLL Lc csl c2 csse sacs css 92 70 
Nhe ces EE EE A OA 24,577 32, 744 26, 321 35, 136 
Oklahoma. anna ) 11, 004 11, 587 110, 876 111, 661 
/ 2v. uoc su s iuc 1 14,275 1 20,879 10,992 16,115 
Pennsylvania.. ²³⁰ͤ⁰ 0 Dou d. 1 34,120 1 49,003 1 86,673 1 52,220 
Rhode Island. gad W W W W 
South Carolina... ..... LL LL LLL LL — 5,719 8,163 1 5,495 1 8,202 
South Dakota 1,235 2,295 1473 1944 
Tennessee 25, 902 32,163 125,531 1 31,929 
%7%%%%%/%ͤͤͤͤ EE 8 27,218 32,133 34, 495 36,995 
Ed EE tt ² ee cles ee ĩ ͤ ( 1 1 68 
Vermont, s u a ct x de 88 2,176 3,504 2,205 3,843 
III ¹i.ſſfſ0ꝗd—0S0 ẽ᷑ y 24, 780 35,475 23,024 34,085 
Washington 9,406 13,083 18,798 111,700 
West Virginia 1 8,047 14,834 3,952 6,675 
Wisconsin 113,288 113,935 14,352 14,991 
WYOMIN EEN 269 421 147 157 
Undistributed ke DL D LA p E fo o RAE ACC UD 8,281 12,805 6,037 7,773 
Total EE 514,324 705,617 520,810 718,769 


W Withheld; included with ‘‘Undistributed.”’ 

1To avoid disclosing individual company f confidential data, total is somewhat incomplete, the portion not 
included being combined as Undistribu 

2 Data may not add to totals shown due to independent rounding. 
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Table 18.—Number and production of commercial crushed-stone plants in the 
United States, by size of operation 


1966 Cumula- 1967 Cumula- 

tive tive 

Production total, Production total, 

Annual production Number thou- Number thou- 

(short tons) o Thou- Percent sand of Thou- Percent sand 

plants sand o short plants sand o short 

short total tons short total tons 

tons tons 

Less than 25, 0 00 996 8,812 1.2 8,812 1,018 8,352 1.2 8,352 
25,000 to 50,000___________ 324 11,823 1.6 20,635 363 13,099 1.8 21,452 
50,000 to 75, 000 231 14,192 2. 0 34, 827 226 14, 058 1.9 35, 509 
75,000 to 100,000 203 17, 507 2. 4 52, 334 213 18,773 2.6 54,282 
100,000 to 200,000......... 522 75,009 10.3 127,343 508 71,471 9.9 125,753 
200,000 to 300, 0000 265 64, 553 8.9 191, 896 266 65,178 9.1 190, 931 
300, 000 to 400, 000 — 183 63,028 8.7 254,924 216 75,117 10.4 266, 043 
400,000 to 500, 00000 138 62, 206 8.5 317,130 131 58,021 8.1 324,068 
500,000 to 600,000_______-- 114 62,099 8.5 379, 229 98 53, 891 7.4 377,960 
600,000 to 700, 000 — 75 48,064 6.6 427,293 69 44, 673 6.2 422, 632 
700,000 to 800, 000 54 39, 890 5.5 467,183 60 44, 589 6.2 467,221 
800, 000 to 900, 000. 34 28,301 3.9 495,484 41 34, 543 4.8 501, 764 
900, 000 tons and over 141 232, 172 31.9 727, 656 134 218, 852 30.4 720, 616 
Total 111. 3,280 727,656 100.0 727,656 3, 338 720,616 100.0 720, 616 


1 Data may not add to totals shown due to independent rounding. 


Table 19.—Crushed stone sold or used in the United States, by methods of transportation 


1966 1967 
Method of transportation 
Thousand Percent Thousand Percent 
short tons of total short tons of total 
Commercial: 
Truck. d et pee ete ee D uapa 517,030 64 515,328 66 
FP ian uM Uo ³ꝛ5 kx m 93,299 11 89, 124 11 
Waler gay, ͤͤĩÄĩÜ¹ ⁵³“ ĩ . 8 64, 188 8 68, 029 9 
Unapeeiiied esse.. eee ee eS 53,139 7 48,135 6 
Total commercial... 2 eee 727,656 90 720,616 92 
Government-and-contractor 
Cl ues eae eee suyus 83,391 10 62,965 8 
Grand total.... e Exe 811,047 100 783,581 100 


1 Entire output of Government-and-contractor operations assumed to be moved by truck. 


Table 20.—Granite (crushed and broken stone) sold or used by producers in the 
United States, by uses 


(Thousand short tons and thousand dollars) 


1966 1967 
Use 

Quantity Value Quantity Value 

Concrete and roadsatone -` .--.--------------------4uMMOoO 54,894 $78,088 54,018 380, 590 
Railroad bal... 8 , 897 3,811 2,612 3,438 
Riprá MEN RR ede ³ 8 2,957 5,121 2,816 6,075 
Stone SANG ³o¹i1wüi ð vd ui tM y ho dy Beaten a 938 989 1,311 1,604 
Uh d A te ca NL er 88 829 28 288 
Other . PM M" x 3,488 5,873 1,658 2,669 
M See eee Pe ee IL Lu nC 65,262 94,711 62,443 94,664 


! Includes stone used for agriculture, fill, roofing granules, and unspecified uses. 
2 Data may not add to totals shown due to independent rounding. 
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Table 21.—Granite (crushed and broken stone) sold or used by producers in the 
United States in 1967, by States 


State Short tons Value State Short tons Value 
Arizona. 34, 877 $117,318 New Mexico 160 $800 
California 4,745,317 6,160,583 North Carolina. 16,937,519 25, 935, 538 
Colorado 282, 548 376,519 South Carolina 6,351,454 9, 026, 187 
Georgia 17,333,043 24,880,739 South Dakota 21, 675 43, 350 
Idaho... AAA eee 526,288 711,200 Virginia 8,946,017 14,317,993 
Michigan 2, 800 61,600 Washington 242, 937 550, 866 
Minnesota 340, 368 677,553 Wisconsin 849, 834 278,818 
Montana. 5,323 8,777 Other States 11. 4,234,080 8,891,253 
Nevada..............-- 162,112 122,753 —— 
New Hampshire 134,570 w Total. iere 62,442,893 94,664,414 
New Jersey. ...........- 1,291,971 2,502,572 Puerto Rieoo 246,500 515,800 


W Withheld to avoid disclosing company confidential data; included with “Other States.“ 
1 Includes Alaska, Connecticut, Delaware, Maine, Maryland, Massachusetts, Missouri, New York, Penn- 
sylvania, Texas, Vermont and Wyoming. 


Table 22.—Basalt and related rocks (traprock) (crushed and broken stone) sold or used 
by producers in the United States, by uses 


(Thousand short tons and thousand dollars) 


1966 1967 
Use — — — ———————— 
Quantity Value Quantity Value 
Concrete and roadstonenk!/l! 22-2 L2 cl Lll l2 Llc. -2 63,465 $104,890 57,977 $97,202 
Ratlroad alas. enee 1,563 2,38 1,500 2,293 
;ö˙—õĩ³˙ð u ³ ⁰ 0 ceci te dissi es al Ru ue e 4,538 9,389 3,695 7,639 
Other 806) EE 19,020 30,240 5,257 9,167 
Total EEN 88,586 146,899 68,430 116,301 


1 Includes stone used for concrete products, dam construction, fill, filler, filtration, poultry grit, road base 
(including stabilized), rock wool, roofing granules, and unspecified uses. 
? Data may not add to totals shown due to independent rounding. 


Table 23.—Basalt and related rocks (traprock) (crushed and broken stone) sold or used 
by producers in the United States in 1967, by States 


States Short tons Value States Short tors Value 
Arizona. 145, 975 $364,937 New Mexico 69, 134 $110,039 
California 2,130,163 2,541,030 North Carolina 3,472, 274 5, 247, 463 
Colorado 100 100 Oregon 12,425,652 18,886,429 
Connecticut. ..........- 4,284,350 7,278,828 Utah...................- 36 90 
Hawaii. 2, 623,521 5,052,440 Virginia. 3, 533, 863 5,816,761 
Idaho. os 1,075,661 2,011,463 Washington 12,965,106 15,615,931 
Maryland............- 38,835,588 7,261,406 Wyoming 1,000 2,250 
Massachusetts 3,963,216 7,204,776 Other States II. 7,166,203 16,158,498 
Michigan 27, 066 , 956 —— [I 

Inpesota 65, 000 95,000 Ttgl. u y cuna 68,429,537 116,301,841 
Nevada 169 189 
New Jersey 10, 645, 460 22, 618, 755 


1 Includes Montana, New York, Pennsylvania, Texas, Wisconsin. 
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Table 24.—Marble (crushed and broken stone) sold or used by producers in the United 
States,! by uses 


(Thousand short tons and thousand dollars) 


1966 1967 
Use — — — —nPHhn [N 
Quantity Value Quantity Value 
II1117!ͥᷓ.ͤöĩÜͤö0ðvr* ĩ˙ ͤ ñg . eee munhu 317 $4,448 303 $4,452 
Concrete and roadston en w W W W 
Other ugeg öĩ7¾ ³ðV]ſ ⁰⁰dyd y y 1, 844 17, 336 1, 855 14,707 
pios MET" EORR 2,161 21,784 2,158 19,159 


W Withheld to avoid disclosing individual company confidential data; included with “Other uses. 

1 Produced by the following States in 1967, in order of tonnage: Alabama, Georgia, Oklahoma, New York 
Missouri, Vermont, California, Arizona, Tennessee, Washington, North Carolina, Virginia, New Jersey 
Maryland, Montana, Texas, Nevada, Colorado, Wyoming, Arkansas. 

? Includes stone used for acid neutralization, agriculture, asphalt filller, cast stone, poultry grit, roofing 
chips, stucco, whiting (excluding marble whiting made by companies that purchase marble), and unspecified 
uses. 


Table 25.—Limestone and dolomite (crushed and broken stone) sold or used by producers 
in the United States, by uses 


(Thousand short tons and thousand dollars) 


1966 1967 
Use —— O ———-— [Y  Pə) n —— 
Quantity Value Quantity Value 

Concrete and roads tonnen 348,864 3449, 807 356,534 $468,351 

J/ÄÜöÜ5ê³ ⁰¹·AA a eae eget 32, 788 47,751 28,778 , 
Selur EEER 30,080 52,378 29,245 51,463 
Railroad ballast_._______.._...-_-____-_--------------- 6, 000 7,355 5,634 6,729 
RAD TaD = ast eo yee ³ ] yꝛ mt 8 14,592 16,083 13,570 16,464 
Alkali manufacture, 2,822 3,131 2,026 2,150 
Cement-portland and natural. ......... 2 2. 2c LL... 96,231 101,266 91,456 96,878 
Coal-mine dusting- ------------2222aaaaaaaaaaMMMMMM 596 2,471 536 2,245 

Filler (not whiting substitute): 

e EEN 1,523 4,364 1,640 4,831 
FI 8 485 1.251 371 898 
% ͥͥ ] •ũ um saa S Le Ee 407 1,533 335 1,634 
EI EE Be 8 236 469 84 194 
ass manufacture 1,836 5,786 1,840 5,983 
Lime and dead-burned dolomite. ....................... 28,401 49,178 28,325 49, 039 
Limestone sand qqq 1,743 2,768 1,795 3,198 
Limestone whiting 222222240222022 802 9,861 821 9,657 
Mineral food- “...... ⁰y m ee i 654 3,887 776 3,930 
Paper manufacture... 2222 LLL L2l Lll sss c2 22 ss 222 295 816 356 1,018 
Poultry Srt... —J-.22-254 cu K ʒ cssc du 138 1,136 132 1,075 
Refractory (dolomite) -a200 592 4,383 463 3,415 
Sugar frehning =. 2 gn ENEE 571 1,331 653 1,536 
Other uses ee eee 2,043 6,422 3,152 7,961 
Use unspecifi edu 2, 150 2, 582 380 634 
Pͥõͥͥͥ¹⏑ĩ%³irq;ꝛ½⅛½˙²Üa A Pee a een Renn P 568 , 849 776,009 568 , 902 783,185 


1 Includes stone for filler for abrasives, calcimine, calking compounds, ceramics, chewing gum, fabrics, 
floor coverings, insecticides, leather goods, paint, paper, phonograph records, plastics, pottery, putty, roofing, 
rubber, wire coating, and unspecified uses. Excludes limestone whiting made by companies from purchased 
stone. 

2 Includes stone for acid neutralization, calcium carbide, cast stone, chemicals (unspecified), concrete 
products, disinfectant, fill and animal sanitation, electrical products, magnesia, magnesium, mineral wool, 
oil-well drilling, patching plaster, roofing granules, stucco, terrazzo, and water treatment, 

3 Data may not add to totals shown due to independent rounding. 
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Table 27.—Sales of fluxing limestone, by uses 
(Thousand short tons and thousand dollars) 


Blast furnace Open-hearth Other Other metal- Total 
plants smelters 1 lurgical 2 
Year eee ——ö— 
Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity tity 
196888 18,514 $26,456 5,772 38, 511 741 $1,162 2,158 33,193 27,185 $89,322 
1964. 22,364 31,437 5,625 8,082 1,075 1,278 2,390 3,714 31,454 44, 511 
1965... 23,168 32,980 5, 594 8, 189 1,167 1,487 2,601 4,195 32,580 46, 851 
19860606 — 22,835 32,907 5,590 8, 132 1,226 1,962 3,137 4,750 32,788 47,751 


1960 soe 21,061 32,146 3,798 5,721 1,038 1,246 2.881 4,740 28,778 43,853 


1 Includes flux for copper, gold, lead, zinc, and unspecified smelters. 
2 Includes flux for foundries and for cupola and electric furnaces. 


Table 28.—Shell sold or used by producers in the United States, by uses 


(Thousand short tons and thousand dollars) 


1966 1967 
Use — — — ———— 

Quantity Value Quantity Value 

Concrete and road material... 14,885 319, 139 15,143 820, 832 
Cement EEN , „09 5,310 7,909 
Lime psum mamas e La ͥ⁰¼m;m xy Tr ame 339 409 1,090 1,475 
Poultry e c o ew oe dione cues uid E LL 460 2,948 252 2,388 
AH Ee 1,519 3,193 230 729 
r ³oꝛſſſ ³ ³ ↄ AA Aaaa a 21, 662 82,783 22,026 88,334 


1 Includes alkali, whiting, asphalt filler, other filler, mineral food, and unspecified uses. 
* Data may not add to totals shown due to independent rounding. 


Table 29.—Shell sold or used by producers in the United States in 1967, by States 


State Short tons Value State Short tons Value 
Alabama..............- 1,265,463 $2,419,298 Loui:iana............... 7, 599, 395 $11,174,114 
Arkansas 94 10,102 Texasss s 10,776,368 15, 417, 035 
Florida. 1. 352,878 2,053,521 Other States 11. 1,032,235 2,259,641 

Totál... 2-222 22,026,433 33, 333,711 


1 Includes California, Maryland, Mississippi, New Jersey, Pennsylvania, and Virginia. 


Table 30.—Calcareous marl sold or used by producers in the United States, 1 by uses 


(Thousand short tons and thousand dollars) 


1966 1967 
Use Ee, See sa 
Quantity Value Quantity Value 
Aenne 224 3154 191 $143 
BEE 1,134 1,041 1,036 940 
Ne E DEE 1,358 1,195 1,227 1,084 


SE by the following States in 1967, in order of tonnage: Va., Miss., Tex., Mich., Ind., Minn., Wisc. 
and Nev. 

2 Includes marl used in mineral food, other uses, and other uses not listed. 

s Data may not add to totals shown due to independent rounding. 
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Table 31.—Sandstone, quartz, and quartzite (crushed and broken stone)! sold or used by 
producers in the United States, by uses 


(Thousand short tons and thousand dollars) 


1966 1967 
Use ——  —[ — -Q 

Quantity Value Quantity Value 

Concrete and roadstone nnd 17,845 $26,225 17,788 $25,905 
Railroad œ MAH ec ĩ⅛ð2v.àd MM 1,160 1,345 1,410 ,820 
PEP ee ed ³⁰ m E 3,189 4,381 3,661 5,701 
Refractory stone (eanister). „„ 369 3,655 354 4,924 
ADPASIVON. EE 74 356 50 340 
Perr 0siliCon äerer mec oe y D usu oes 80 500 236 905 
, . ß aa a aaa 4 17 33 86 
/ ³ rr ĩð . kd ut te Re cote 560 2,162 453 1,981 
UU) EE 24 104 182 670 
ENEE 347 1,128 484 1,999 
Other uses EE 3,436 7,061 2,251 5,822 
T'otal ͤĩ«ẽ[ so ee ee E 27,088 46,934 26, 903 50, 152 


d e ground sandstone, quartz, and quartzite. Friable sandstone is reported in the chapter on sand 
and gravel. 
2 Includes cement, fill, filler, porcelain, pottery, roofing granules, stone sand, terrazzo, tile, and unspecified 
uses, roofing chips and aggregates, other uses not listed. 
3 Data may not add to totals shown due to independent rounding. 


Table 32.—Sandstone, quartz, and quartzite (crushed and broken stone) sold or used by 
producers in the United States in 1967, by States 


State Short tons Value State Short tons Value 
Arizona.. 206, 644 $611,270 Oklahoma 1,248,159 $1,469,265 
Arkansas...............- 7,078,800 8,411,771 Pennsylvania : ,686 8,124,835 
California 3, 656,894 6, 384,066 South Dakota 780,710 1,622,592 
Colorado 266,815 633,894 Uta gg 52,297 105,380 
Illinois 600 3,150 Vermont 18, 625 31, 923 
Indiana. ...............- 7,065 7,065 Vireinia 673,140 1,080,377 
Minnesota 80, 318 190,399 Washington 193, 944 818, 316 
Missouri 31, 138 31,138 West Virginia 1,590,257 2,909,873 
Montana. 428, 753 846,486 Wyoming 11,998 21,895 
New Vork 534, 686 969,195 Other States 11. 5,951,897 12,868,504 
North Carolina 89,351 821,376 — 
Go ³ A 741,878 2,189,330 r 26,902,605 50, 151, 600 


1 Includes Alabama, Connecticut, Georgia, Idaho, Kansas, Maryland, Nevada, New Hampshire, New 
Mexico, Oregon, Tennessee, Texas, Wisconsin. 


Table 33.—Miscellaneous stone (crushed and broken stone) sold or used by producers in 
the United States, by uses 


(Thousand short tons and thousand dollars) 


1966 1967 
Use — —— — — ä ſſ—ſw— 
Quantity Value Quantity Value 
Concrete and roadstone. ~ --------------------------------- 19,871 $27,468 19,224 $25,684 
Railroad h 88 2, 441 2,154 2, 330 1. 997 
P re dee 11,463 13,056 6,895 9,961 


/// ˙ oe ee 1,116 3,401 1,938 4,291 


J) yee y A he ta 34,891 46,079 30, 387 41,933 


1 Includes stone used for agriculture, fill, filtration, flux, roofing granules, stone sand, terrazzo, and un- 
specified uses. 


2 Data may not add to totals shown due to independent rounding. 
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Table 34.—Miscellaneous varieties of stone (crushed and broken stone) sold or used by 
producers in the United States in 1967, by States 


State Short tons Value State Short tons Value 
Arizona. 45, 631 377,161 Pennsylvania 1,763,000 82, 302, 850 
Arkansas 5,017,211 7,264,496 South Dakota 150, 587 498, 574 
California. ............ 12,152,898 16,690,840 Utah...................- 7,910 17,093 
Colorado 210, 484 366,456 Vermont 1,200,154 2,097,499 
Hawaii 542, 055 701,243 Wyoming 56, 84 , 998 
Massachusetts 566,253 1,074,054 Other States 112. 2,666,207 4, 535, 653 
Missouri 513,477 588,781 — ————— 
Montana 3,256,116 3, 524, 038 Total. 30,387,098 41,932,949 
Nevada --..-.------- 77, 738 125,680 Panama Canal Zone 58, 54 114, 680 
North Dakota 596,202 1,091,500 Puerto Rico. . 1,223,300 2, 848, 800 

klahoma............- 1,552,473 920,323 
Oregon 11, 856 4,710 


1 Includes, Alaska, Kansas, Louiziana, Maine, Maryland, New Hampshire, New Jersey, New Mexico, 
New York, Rhode Island, Texas, Virginia and Washington. 


Table 35.—U.S. exports of stone 


Building and monumental stone Crushed, ground, or broken Other 
— m — —ä ä—ä öäü—f.6..' . —  — manu- 
Dolomite Other Limestone Other factures 
Year ———  —— —— I — u—_FnmO—— of 


Short Value Cubic Value Short Value Short Value stone 
tons (thou- feet (thou- tons (thou- tons (thou- (value 
(thou- sands) (thou- sands) (thou- sands) (thou- sands) thou- 


sands) sands) sands) sands) sands) 
«ö» ana 258 $2,032 264 $1,259 1,165 32,905 73 $1,955 $1,480 
/ ³ĩ» ¾ ot ce 101 1,692 NA 1,104 1,207 3, 500 276 3,406 1,432 
br HM 113 1, 756 NA 958 1.159 3, 496 306 3,743 1,208 
NA Not available. 
Table 36.— U. S. exports of slate, by uses ! 
(Value) 
Use 1963 1964 1965 1966 1967 
Noon Ee lee sees W W W W W 
Structural and flagg ing $20,081 $17,263 $19,711 12,343 9,597 
Other uses z 56,228 48,812 56,297 51,298 27,102 
TO EE 76,309 60,575 76,008 63,641 96,699 


W Withheld to avoid disclosing individual company confidential data; included with “Other uses.” 
1 Figures collected by the Bureau of Mines from shippers of products named. 
? Includes electrical slate, school slate, blackboards, billiard tabletops, millstock (unspecified), and sculpings. 
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Table 37.—U.S. imports for consumption of stone and whiting, by classes 


1966 1967 
Class Value Value 
Quantity (thou- Quantity (thou- 
sands) sands) 
Granite: 
Monumental, paving, and building stone: 
rr ⁰ eee cubic feet. 150, 647 $818 169,198 $1,001 
Dressed, manufactured do.... 134,409 1,156 178,064 , 662 
Not manufactured and not suitable for monumental, paving, 
or building stone short tons 457 11 269 11 
Other: EE ͥ ec m; y 88 /5 EE 71 
J Done sas ese, “as LT SE 20588 2, 745 
Marble, breccia, and onyx: 
In block, rough or squared. ................-- cubic feet. 49,043 870 53,668 360 
Sawed or dressed over 2 inches thick do.... 5,34 82 5,164 88 
Slabs and paving tiles superficial feet.. 8,402,099 6,541 6,025,706 5,139 
All other manufactures... eee e eee -eeen o 3, 776 
J, ree 11,005 —IPtN8 9,313 
Travertine stone: | 
Rough, un manufactured cubic feet. 58, 600 163 45, 463 138 
Dressed, suitable for monumental, paving, and building 
e d eee short tons 31,575 1, 338 34,537 1, 035 
Ger k Sacks 112 i 77 
eebe, d SS a 1818 E 1,250 
Limestone: m 
Monumental, paving, and building stone: 
ROU Geers ier one ge EE cubic feet. 800 (1) 1,378 3 
Dressed, manufactured. lll short tons 8,190 69 4,502 72 
Crude, not suitable for monumental, paving, or building 
S ⁰⁰⁰ nu EM S nes short tons 251,955 851 41,600 121 
GHD; ³ð-/ ⁰ͥ⁰¶⁰yyd e ß 8 5 49 
7J/%%/öõͥõͤõĩͤ ]³]³AU.üſ0GſfſfſſfGEſfſ0ꝗ5ꝗ ³¹Ü¹wä . ATO. Llt222z2- 245 
Slate 
eee, ß aea square feet. 5:166. ... T . 2ceece 
Mer u ũ xereuweecdte EL DUE se Posto. 888 eee 2, 833 
IJJ/;öĩ“r«dã““ . y ¼ . as Lome 1.4179. xn 2,333 
Quartié EE short tons 151, 869 588 4,213 260 
Stone and articles of stone, n.s.p.f.: 
Statuary and sculptures. eee eee 3838ͤ —ͤ—8 266 
Stone, unmanufactured.__ short tons 3, 760 75 7,561 107 
Building stone, rough... gg cubic feet. 6,384 11 5,517 9 
Building stone, dressed short tons 40 8 1,232 41 
TEE eet Ja asas Q 28 Z= 157 
Total... edic eeh Scales 300 580 
Stone, chips, spalls, erushed or ground: 
Marble, breccia, and onyx chips short tons 10,611 117 8,129 127 
Limestone, chips and spalls, crushed or ground do.... 929,817 1,263 1,196,166 1,529 
Stone chips and spalls, and stone crushed or ground, n.s.p.f. 
short tons. 1, 408, 153 1,318 1,070,730 1,079 
Slate chips and spalis, and slate crushed and ground - do 15 | PCS 
OUR oeste y mu ama ien E ri E CK 2,948,596 2,699 2,275,025 2, 735 
Whiting: 
Whiting, dry, ground, or bolted.............. short tons 10,408 179 11,558 206 
Chalk whiting, precipitated.. --------------------- do. 2,225 165 2,113 156 
Chalk, whiting, puteĩyʒ do (1) (1) (1) (1) 
dio: WEE 12, 633 344 13,671 362 
Grand (otal soi c paul eee ee ees, 88 20,39 . . . oes 19,823 


1 Less than 14 unit. 


—————— ————— —————Á JD ———————— c EE 


Sulfur and Pyrites 


By Richard W. Lewis 


Increased domestic production of Frasch 
and recovered elemental sulfur amounted 


to only 40,000 long tons, which made an 
insignificant contribution toward alleviat- 
ing the supply shortage. In effect, the in- 
creased demand more than offset the small 
increase in output and again producers’ 
stocks were drawn down. Fertilizers used 
about half of the sulfur consumed in the 
United States; a use that is expected to 
continue to increase. 


It appeared that most of the producing 
Frasch mines in the past 2 years were 
operating at nearly peak production. Re- 
cently reopened domes at Sulphur, La., 
and in Fort Bend County, Tex., which 
began producing late in 1966, contributed 
a relatively small quantity to the supply. 

Louisiana again was the leading pro- 
ducing State with 4.1 million long tons of 
elemental sulfur comprising both Frasch 
and recovered; Texas was second with 3.6- 
million tons output. 


Table 1.—Salient sulfur statistics 


(Long tons, sulfur content) 


1963 1964 1965 1966 1967 
United States: 
Production (native)..... 4,881 ,927 5,228,365 r 6,116,406 r 7,001, 503 7,014, 448 
All form 6, 643, 802 r 7,093,171 r 8,212,363 r 9,155,415 9,136,111 
Exports, sulf ur 1,612,637 1,928,092 r 2,635,000 2,973,000 2,193,000 
Imports,  pyrites and 
Bül üt O Ol nLorem 1,444,000 1,582,211 1,646,000 1,674,000 1,639,000 
Stocks Dec. 31: Producer, 
Frasch and recovered 
Sulfun 8 4,682, 496 4,226,524 3,425,161 2,704,349 1,953,877 
Consumption, apparent, 
all forms I 6,607,000 r 7,260,154 r 7,997, 295 r 9,160,193 9,816,070 
World: Production: 
Sulfur, elemental... ..... 12,699,000 13,937,000 15,308,000 16,465,000 17,247,000 
e dé BEE 8,900,000 9,200,000 9,560,000 9,511,000 .e 9,764,000 
r Revised. e Estimate. 


1 Measured by quantity sold, plus import, minus exports. 
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Native Sulfur.—There were 13 Frasch ` 


process mines in operation throughout 
1967: Four mines of Freeport Sulphur Co. 
at Grande Ecaille, Garden Island Bay, and 
Lake Pelto, all in Louisiana, and Grand 
Isle, 7 miles off the Louisiana coast in the 
Gulf of Mexico; five mines of Texas Gulf 
Sulphur Co. at Newgulf, Fannett, Moss 
Bluff, Spindletop, and Gulf, Texas; one 
mine of Duval Corp. at Orchard Dome, 
Texas; one mine at Long Point Dome in 
Texas owned by Jefferson Lake Sulphur 
Co.; and two mines that were reopened 
late in 1966, one by Phelan Sulphur Co. at 


. Nash Dome Louisiana, and the other, the 


Sulphur mine in Louisiana, by Union 
Texas Petroleum Co. 

Freeport Sulphur Co. increased its pro- 
duction in 1966 by approximately 500,000 
tons to a record annual output of over 4 
million tons.” The firm maintained its high 
production rate and in 1967 produced 
about the same quantity. Freeport's new 


Caminada mine, under development in 50 


1 Commodity specialist, Division of Mineral 
Studies. 


? Freeport. Sulphur Co. 54th Annual Report 
1966, p. 3. 
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feet of water about 6 miles off the Louisi- 
ana shore and 6 miles southwest of the 
Grand Isle mine in the Gulf of Mexico, 
was nearly completed by yearend. Produc- 
tion was to begin in late February 1968, 
but the output was not expected to be as 
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great as that from the Grand Isle mine due 
to the nature of the sulfur-bearing 
formation.? 


3 Freeport Sulphur Co., 55th Annual Report 
1967, pp. 5-6. 


Table 2.—Production of sulfur and sulfur-containing raw materials by 
producers in the United States 


(Long tons) 


weight 


1964 1965 


Sulfur 
content 


Sulfur 
content 


Gross 
weight 


Gross 


Native sulfur or sulfur ore: 
Frasch-process mines 
Other mines 


5,228,207 
794 


5,228,207 6,116,273 
158 2,592 


— ——— w —— • ꝗZ]mͥunͥ:Nñ.xñ(ñͤ„,ék — a s usa vs s — — —— —— 


6,116,273 
133 


f ͥ P ³⁰—A ee See 5,228,365 ......... 6,116,406 
Recovered elemental sulf ur CC 1,024, 649 1.021, 358 1,219,312 1,215,168 
Pyros ete oats ghd m EE 847 , 493 353,831 874,957 353, 645 
By product sulfuric acid (basis 100 percent) pro- 

duced at Cu, Zn, and Pb plants. .. 1,119,976 r 366,143  Á 71,188,314 r 988,484 
Other byproduct sulfur compounds 1. 143,689 123,474 162,668 138 , 660 
Total. Jͤĩ ?àé d 88 7,093,111 r 8,212,363 
1966 1967 

Gross Sulfur Gross Sulfur 

weight content weight Content 
Native sulfur or sulfur ore: 

Frasch- process mines 7,001, 360 7,001, 360 7,014,164 7,014,164 
Other iii 8 143 568 284 

Total c4 ⁵o²bů.Q»ͥ.. ð⅛ð-Äſ ⁵ĩð K ³ 7,001, 500 8 7,014, 448 
Recovered elemental sulfur... ---------------- r 1, 243, 960 11, 240, 386 1,270,289 1,267,955 
Pyr ei NDA ''' .““ ñĩͤ v EN PET 872, 414 r 355,592 860, 909 355,033 
By product sulfuric acid (basis 100 percent) pro- 

duced at Cu, Zn, and Pb plants r 1,297,184 r 424,075 1,114,881 364,477 
Other byproduct sulfur eompounds . 161,962 133,859 57,262 134,198 
tal NOR cerva 29.155,41 9,136,111 
r Revised. 


1 Hydrogen sulfide and liquid sulfur dioxide. Does not include acid sludge converted to H;SO,. 


Table 3.—Sulfur produced and shipped from Frasch mines in the United States 


Produced (long tons) Shipped 
Year Approximate 
Texas Louisiana Total Long tons value 

(thousands) 
1963. SSS xau 2,412,653 2,468,859 4,881,512 4,995,023 $99,014 
1904 — S E AO Se atlases 2 B 2,488,975 2,739,232 5,228,207 6,035,670 120,777 
f eel oer irr as 2,534,045 3,582,228 6,116,273 7,250,907 164,654 
B ͤ KV sha itis 2,916,479 4,084,881 7,001,360 7,720 ,927 201 ,292 
DOG Tis i ĩͤ K te te 2,955,629 4,058,535 7,014,164 7,681,605 251,670 
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Table 4.—Sulfur ore (10 to 70 percent S) 
produced and shipped in the United 


States ! 
Shipped 
Produced — 
Year (long Long Value 
tons) tons (thou- 
sands) 
1968. EE 1,371 1,371 $15 
9062.1. ee, 794 794 8 
EE » 2,592 2,852 11 
1966 Dike 557 557 5 
1967 2c mëkP. EE 568 568 3 
1 California, Nevada, and Utah. 
Sulfur production by Texas Gulf 


Sulphur Co. (TGS) in 1967 amounted to 
more than 3 million long tons, but the 
increase was only 0.2 percent over that of 
1966. TGS expected to have its new 
Frasch mine at Bullycamp, 40 miles south- 
west of New Orleans, La., in operation by 
mid-1968. Because the marshy and canal- 
riddled location of the Bullycamp mine, 
it was necessary to design off-shore style 
facilities. All materials required for its con- 
struction were dclivered in barges. When 
the plant is completed, drilling, water 
heating, and sulfur collection will be car- 
ried out on barge-mounted facilities. An 
annual producticn rate of more than 300,- 
000 long tons was expected from Bully- 
camp when it is fully operational.* 

According to their annual report, Duval 
Corp. produced 107,415 long tons of sulfur 
from its Orchard Dome property and the 
pilot operation at its Fort Stockton prop- 
erty in Pecos County, Tex. The results 
obtained from the Fort Stockton operation 
proved the feasibility of producing sulfur 
at the property by the Frasch process. The 
company developed a process for utilizing 
the brackish water, common to the area, as 
feed for the mine water heating system. 
Commercial scale development of the 
property began in June and was scheduled 
for completion by mid-1968. The designed 
capacity of the plant was reportedly 1,000 
tons per day. 

Jefferson Lake Sulphur Co., a subsidiary 
of Occidental Petroleum Corp., completed 
construction of its new $5 million Frasch 
plant at Lake Hermitage Dome in Plaque- 
mines Parish, La., about 30 miles south of 
New Orleans. The water heating plant re- 
portedly was operating at close to its desig- 
ned capacity of 3 million gallons of hot 
water per day.“ Earlier reports indicated 
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that the Lake Hermitage Dome would 
produce 200,000 tons per year.’ The land 
was acquired by Jefferson Lake Sulphur 
Co. from Humble Oil & Refining Co. and 
Gulf Oil Corp. Royalties would be 19 per- 
cent on the first 800,000 tons and 26 per- 
cent on all other production. The facilities 
were to be mounted on floating equipment 
and the liquid sulfur was to be transported 
by barge to market. 

The Chacahoula dome in La Fourche 
Parish, La., was reopened in August by 
John W. Mecom. The mine had been 
operated by Freeport Sulphur Co. from 
February 1955 to September 1962 when it 
was closed because it was no longer 
economical to operate due to low sulfur 
prices. It was estimated that the lease 
still contains about 4.25 million tons of 
recoverable sulfur.? 

There was a rush for sulfur lands in 
western Texas in 1966. Lack of interpreta- 
tion of mining laws had hampered the ac- 
quisition of State sulfur land until a ruling 
by the State Supreme Court declaring the 
mining law of 1919 valid. Under that law, 
lands could be rented at $0.50 per acre 
annually and patented at a cost of $7.50 
per acre after 5 years of development. The 
ruling did not affect oil and gas leasing on 
the same lands that are offered by the 
State at competitive lease sales. Duval 
Corp., Humble Oil & Refining Co., Piper 
Petroleum, Sinclair Oil & Gas Co., and 
Texas American Oil Corp. were reported 
to have filed on most of the sulfur land in 
Pecos County. Atlantic Richfield Co. and 
Phillips Petroleum Corp. were reported to 
be active in Culbertson County.? Explora- 
tion continued throughout 1967, but no 
new mines were developed. 

Hooker Chemical Corp. began produc- 
tion of sulfur at Bryan Mound, Tex., for 
use in its evaluation plant. If the plant 
tests indicate favorable economics, the firm 
expected to proceed to commercial scale 
Frasch operation. The Bryan Mound 
dome is located near Freeport, Tex., on the 


4Texas Gulf Sulphur Co. 1967 Annual Re- 


port, pp. 17-18. 
5 Duval Corp. Annual Report for 1967, pp. 
4—5. 
6 Occidental Petroleum Corp. 1967 Annual 
Report, p. 30. 
7 Wall Street Journal v. 168, No. 70, Oct. 
10, 1966, p. 25. 
8 Wall Street Journal. v. 170, No. 35, Aug. 
21, 1967, p. 15. 
9 Oil and Gas Journal Texas Sulfur Rush 
On Again. v. 64, No. 43, Oct. 24, 1966, p. 69. 
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Figure 1. Domestic native production, imports, and exports of native sulfur. 


Brazos River adjacent to the Gulf of 
Mexico.!? 

Texas American Oil Corp. formed a sub- 
sidiary, Texas American Sulphur Co., to 
manage and operate its sulfur properties. 

A joint venture was being considered by 
Great American Industries near Sulphur, 
Nev., which would produce 360,000 long 
tons of sulfur per year. The sulfur ore 
deposits were reportedly within 10 feet of 
the surface and suitable for strip mining. 
The sulfur would be upgraded from 20 
percent to 70 percent by flotation. The 
exact amount of reserves was not yet deter- 
mined, because only about 10 percent of 
the total 3,500 acres had been prospected. 
About 15 chemical companies were said to 
be negotiating with Great American In- 
dustries for an operating partnership in 
the venture.!! 


The SS Marine Floridian, Texas Gulf 
Sulphur Co.’s new seagoing tanker and 
sister ship of the SS Marine Texan, com- 
pleted its maiden voyage on June 30. The 
new sulfur tanker will operate regularly 
between Beaumont, Tex., and Tampa, Fla., 
with occasional calls to East Coast ports. 
The ship has a capacity of 24,000 long tons 
of liquid sulfur and a cruising speed of 14 
knots. 

Close to $40 million was spent during 
the last 2 years of off-shore and outer con- 
tinental shelf leases in the Gulf of Mexico 
in an effort to locate new domes with com- 
mercial quantities of sulfur. Several oil 


19 Oil, Paint and Drug Reporter. Sulfur Out- 
put Started at Hooker's Test Facility. v. 191, 
No. 26, June 26, 1967, p. 3. 

E Engineering and Mining Journal Chemical 
Firms Eager to Join in Sulphur Mining Ven- 
ture. v. 168, No. 4, April 1967, p. 126. 
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companies, Freeport Sulphur Co., and 
Texas Gulf Sulphur Co., were active in the 
search. An undisclosed amount of money, 
in the millions, went into the exploration 
drilling. No commercial quantities of 
sulfur were discovered, and by yearend 
1967 hopes of locating any new Frasch 
process sulfur domes in the area were 
diminishing. 
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Recovered Sulfur.—Production of re- 
covered sulfur from sour natural and re- 
finery gases was 1,270,289 long tons. Texas 
and California again were the leading pro- 
ducing States. Texas production amounted 
to 675,000 tons which was 53 percent of 
the total recovered elemental sulfur. Cali- 
fornia's production totaled 138,000 tons. 

Sulfur recovery plants brought on-stream 
in 1967 were as follows:! 


Daily 
capaci y 
(tons 
Company Plant location sulfur) 
From natural gas: 
Amarillo Oil Co................ Odessa; Tex...................... 10 
Marathon Oil Co............... FFC ³ é eroe: 65 
National Sulphur Co. Marshall County, Okla............. 8 
Northwestern Refining Co....... SC Paul Mini: ene eae 33 
Phillips Petroleum Co........... Sweeney, Tex..................... 25 
Texas Gulf Sulphur Co.......... Dumas, Tex...................... 10 
Union Oil Co... 8 San Juan County, Utah............ 10 
From oil refinery gas: 
Atlantic Richfield Co........... Long Beach, Calif................. 65 
Humble Oil & Refining Co....... Baton Rouge, La.................. 10 
Marathon Oil Coo Lakewood, N. Men 23 
Mobil Oil Corp................. Torrance, Calif. 3.2320 sun 8 85 
Powerine Corp................. Santa Fe, Calif.................... 20 
Signal Oil and Gas Co. Houston, Tex..................... 10 


Texas Gulf Sulphur Co. closed its sulfur 
recovery plant at Worland, Wyo., after 18 
years of operation. Since 1949 when the 
plant went on stream, it has recovered 
1,013,490 long tons of sulfur from sour 
natural gas. The closure was necessitated 
by the depletion of the sour gas reserve. 
Originally the plant had been the largest 
of its kind in the world.!? 

Elcor Chemical Corp. announced on 
August 24, that its wholly owned subsidi- 
ary, National Sulphur Co., planned to pro- 
duce elemental sulfur from gypsum. Pilot- 
plant studies convinced company officials 
that the process would be competitive with 


conventional sulfur production methods. A 
commercial plant capable of producing 
350,000 tons of sulfur per year was to be 
built at the firm's large gypsum deposit in 
Culbertson County, Tex. Completion date 
for the project was scheduled for late 1968. 
No details of the process were revealed, but 
it is assumed to be a departure from other 
processes, since Elcor Chemical Corp. was 
reportedly seeking to patent it. 


12 Sulphur (London). Major World Brim- 
stone Producers in 1967. No. 75, March/April 
1968, p. 17. 

13 Skilling’s Mining Review. Texas Gulf 
Closes Worland Plant. v. 56, No. 38, Sept. 
23, 1967, p. 18. 


Table 5.—Recovered sulfur morin and shipped in the United States 


Long tons) 
Production Shipments 
Year — — —ſ — 

Gross Sulfur Gross Sulfur Value 

weight content weight content (thousands) 
KL u L hi DEAD ums 949, 567 946, 753 932,147 929,369 $19,401 
RL DEE 1,024,649 1,021,358 993 , 643 990,437 21,088 
196b. bs ³⅛Vo eem 1,219,312 1,215,168 1,172,840 1,168,831 24,574 
/ ᷣ K 1,243,960 1,240,386 1,264,512 1,260,854 30,166 
19615. 6 ee .. 8 1,270,289 1,267,955 1,286,408 1,283,995 40,984 


r Revised. 
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Table 6.—Production and shipments of pyrites (ores and concentrates) in the United States 


(Long tons) 


Production Shipments 

Year Gross Sulfur Value Gross Sulfur Value 

weight content (thou- weight content  (thou- 

sands) . sands) 
fö·ÜÄ˙ʒ.../ĩ? . ð ua ces 824, 800 348,566 $5,698 72,618 33,449 $303 
9 ¾ ß sau kau Be 847 , 493 353 , 831 5,471 49,829 23,832 239 
1985. cee oe oco 8 874,957 353, 645 5,333 57,184 27,278 272 
9ff . 872,414 355, 592 5,088 52,481 25, 122 205 
J, ˙ k dem 860, 909 355,033 7,943 48,010 23, 553 184 


Pyrites.— Production of pyrite concen- 
trate with an average grade of 41-percent 
sulfur increased. Tennessee, the leading 
producing State, accounted for about 85 
percent of the total domestic output. Other 
producing States in decreasing order of 
tonnage were Pennsylvania, Colorado, 
Arizona, Utah, and South Carolina. 


Byproduct Sulfur Compounds.—Sulfur 
dioxide was recovered at one lead smelter 
in California and one copper smelter in 
Tennessee. Hydrogen sulfide was recovered 
at eight refineries in California, Louisiana, 


New Jersey, and Pennsylvania. Sulfuric 
acid was recovered at one lead smelter in 
California; four copper smelters in Ari- 
zona, Tennessee, and Washington; and 
11 zinc smelters in Idaho, Illinois, 
Indiana, Kansas, Montana, Ohio, Okla- 
homa, and Pennsylvania. 

A new 500-ton-per-day sulfuric acid 
plant was put on stream at Garfield, Utah, 
by Kennecott Copper Corp. The plant will 
recover the equivalent of about 160 tons 
per day of sulfur from smelter gases con- 
taining an average of 4 percent of sulfur 
dioxide. 


Table 7.—Byproduct sulfuric acid ! (basis, 100 percent) produced at 
copper, zinc, and lead plants in the United States 


(Short tons) 


Plants 1963 1964 1965 1966 1967 

Copper 222 358,503 330,273 369,321 469.728 348,497 

VVV 861,763 924,100 961,591 983,118 900,170 
Totall. 1,220,266 1.254.373 1,380,912 1,452,846 1,248,667 


! Includes acid from foreign materials. 
2 Includes acid produced at a lead smelter. 
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Figure 2.—Sulfur supply sources as a percent of total apparent 
consumption based on sulfur content. 


CONSUMPTION 


The apparent consumption of sulfur in 
all forms in the United States again set a 
new record of 9.3 million tons, 2 percent 
greater than that in 1966. Consumption of 
sulfur in the manufacture of phosphatic 
fertilizers was responsible for the increase 
and had not both the spring and fall fertil- 
izer seasons been hampered by adverse 
weather conditions which reduced the de- 
mand for fertilizer, the sulfur consumption 
probably would have been much greater. 

The consumption of sulfur for industrial 
acid decreased chiefly due to a decline in 
the use of sulfur by the nonferrous metals 


industry because of the extended copper 
strike, a decline in demand for use in the 
rayon industry because of a rubber indus- 
try strike resulting in reduced production 
of tires using rayon cord, and less demand 
by the steel industry because of the in- 
creasing use of hydrochloric acid, instead 
of sulfuric acid, in steel pickling. 

Consumption of sulfur throughout the 
rest of the free world was estimated to 
have been 1 million long tons more than 
in 1966. The fertilizer industry accounted 
for about 60 percent of the increase. 
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Table 8.—Apparent consumption of native sulfur in the United States 
(Long tons) 


1968 1964 1965 1966 1967 
Apparent sales to consumers 1___ _ _ 5,050,923 5,715,399 6,938,147 7,681,389 7,729, 297 
Ip 8 863,385 890, 604 831,000 799,000 724,000 
Total EE 5,914,308 6,666,003 7,769,147 8,486,389 8,453,297 
Exports: 
Crude 2 2L. L 2... 1,603,438 1,920,392 2,624,052 2,326,000 2,043,000 
Refined... .. .............-- 9,199 7,700 r 10,861 47,000 150 , 000 
Porr oie a 1,612 ,637 1,928,092 2,634,913 2,373,000 2,193,000 
Apparent consumption . 4,801,671 4,797,911 5,134,234 6,118,389 6,260,297 _ 
r Revised. 


! Production adjusted for net change in stocks during year. 


Table 9.—Apparent consumption of sulfur in all forms in the United States ! 
(Long tons) 


1963 1964 1965 1966 1967 
Native sulfuu rr 4,301,700 4,731,911 5,134,234 6,113,389 6,260,297 
Recovered sulfur: 
Sales u. ho Eee le 929 , 400 987 ,600 1,166,716 71,258,201 1,286,871 
Imports 487, 800 571,200 655,556 715,077 750,194 
Pyrites: m mE m n 
Domestic production......... 343, 600 353 , 800 353,645 355,592 855,033 
Imports è.. 22 222222222222 93 ,000 120,000 160,000 160,000 165, 000 
Total pyrites . 436, 600 473, 800 513, 645 515, 592 520, 033 
Sn elter- acid production. ......... 335, 700 r 366,148 r 388,484 r 424,076 364,477 
Other production 22 115,800 123,500 188,660 133,859 134,198 
Grand total............... g 6,607,000 : 7,260,154 17,997,295 79,160,193 9,316,070 


e Estimated. r Revised. 
! Crude sulfur or sulfur content. 


2 Hydrogen sulfide and liquid sulfur dioxide. Does not include acid sludge converted to H3SO.,. 


STOCKS 


Withdrawals from producers’ stocks have 
been necessary since demand first exceeded 
production in mid-1963. At the start of 
1967, only 2,616,310 long tons of Frasch 
and 88,039 tons of recovered sulfur re- 
mained in stocks. Further withdrawals were 


necessary during 1967, and by yearend the 
total Frasch and recovered sulfur in stock 
dropped to 1,953,877 tons, less than a 3- 
month supply for domestic requirements. 
Data on liquid sulfur storage capacity are 
not available. 


PRICES 


Sales incentives, such as absorption of 
some freight or terminal charges dating 
back to 1959, were all eliminated by the 
end of 1966. Jefferson Lake Sulphur Co. 
established a price of $27.50 per long ton 
for bright sulfur in September 1965 which 
remained firm through 1966. Effective 
July 1, 1966, Duval Corp. set the price for 
dark sulfur at $27.50 and for bright sulfur 
$1 higher. Freeport Sulphur Co. increased 


prices $2.50 per ton to $28.50 for dark and 
$29.50 for bright, f.o.b. Port Sulphur, La., 
effective December 1, 1966. Texas Gulf 
Sulphur Co. also increased its prices $2.50 
per ton to $29.50 f.o.b. Beaumont, Texas 
for bright sulfur. Most Frasch sulfur at 
yearend 1966 was selling at $28.50 for dark 
and $1 more for bright, f.o.b. Gulf Ports. 

The continued heavy demand in 1967 
prompted further price increases. Domestic 
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prices were increased $4 per ton about the 
end of March 1967 and $5.50 per ton effec- 
tive October 1, 1967. At yearend the 
domestic price for dark sulfur was $38 per 
long ton and $1 to $2 higher for bright 
f.o.b. Gulf Ports. Export prices at yearend 


FOREIGN 


The quantity of sulfur exported was 
reduced by about 300,000 tons in order to 
make more available for domestic use. Ex- 
port sales reached a record high of 2.6 
million tons in 1965. Continued strong 
worldwide demand coupled with a short 
supply made it necessary for U.S. pro- 
ducers to limit their export sales. 
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ranged from $40 to $50 depending upon 
the quality, market, and seller. The out- 
look for 1968 was a continuing tight 
domestic supply with further price ad- 
vances on domestic sales. Little if any 
change was expected in export prices. 


TRADE 


Imports showed a steady growth reach- 
ing a record high in 1966 but declined 
somewhat in 1967. Complete data on im- 
ports of pyrites are not available, but it is 
estimated that about 350,000 tons contain- 
ing 165,000 tons of sulfur was imported in 
1967, slightly more than the previous year. 


Table 10.—U.S. exports and imports for consumption of sulfur 


(Thousand long tons and thousand dollars) 


Exports Imports 

Crushed, ground, 

Year refined, sublimed, 
Crude and flowers Quan- Value 

— tity 
Quantity Value Quan- Value 
tity 

1965. e neca ðè K ee Sma AUS 2,624 $64,278 11 $1,271 1,486 $27,298 
ſhy yd A S S 2,326 78,759 47 ; 1,514 83,525 
Jfé«§ĩ—Ü0ékſ cu y A ARONEN 2,043 81,492 150 9,522 1,474 47,612 
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1 Less than M unit. 


1 Less than 14 unit. 
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Table 11.—U.S. exports of sulfur, by countries 


Crude Crushed, ground, refined, 
sublimed and flowers 
Destination 1966 1967 1966 1967 
Long Value Long Value Long Value Long Value 
tons (thousands) tons (thousands) tons (thou- tons (thou- 
(thou- (thou- sands) sands) 
sands) sands) 
Argentina 34 $1,151 25 $1,056 212 $37 56 $25 
Australia 164 5,609 223 8,464 6,448 353 297 92 
Austria. 42 1,492 31 1,254 . ...... E Sete 
Belgium- 

Luxembourg 8 270 30 1,191 17 7 14 5 
Brazil. 172 6, 040 192 7,652 1,083 161 411 106 
Canada 136 3, 900 123 4, 554 r 3, 366 337 813 236 
Chile......... 8 283 4 185 984 57 1 
Colombia N 6 55 423 33 119 29 
Costa Ries... (1) 1 9 1 17 5 
Czechoslovakia 17 539 5 Jr VS 
EI Salvador 4 147 8 368 14 2 63 11 
France........ 49 1,671 5 195 291 26 63 28 
Germany, West 153 5,564 66 2,647 221 76 17 3 
Guatemala 1) J — Hec 227 2 
India `, 180 6,178 131 6,195 25,503 1,568 90,252 5, 695 
Indonesia........... 4 J58- AAA 500 18 7 eR EE 
Irag Sees, | | ae (1) 12 300 16- | v Seu 
Ireland 46 1,615 7 3,031  : 2 BEE 
Israel 48 1, 669 34 1,444 97 11 (1) 
Italy... 21 857 5 238 1,075 61 5,883 261 
Jamaica 1 35 2 96 26 3 1, 134 
Korea, South 78 3 213 69 6 1,070 16 
Mexico........ ( 1 5 793 86 233 82 
Netherlands 641 22, 053 564 21, 978 fees SE 
New Zealand........ 129 4,322 64 2,452 323 37 86 18 
Niergg uns  ------ (1) 1 79 CCC 
Nor waꝓ yy 1 33 6 224 54 4 36 3 
Peru 13 417 17 665 380 49 102 81 
Philippines (4) (1) 7 308 32 3,567 236 
Saudi Arabia 2 97 1 66 309 17 318 24 
South Africa, 

Republic of 68 1,976 67 2,123 652 82 15,521 743 
Spain 10 32 8 307 30 14 10 
Sweden 1 49 9 343 17 L godess | ees 
Switzerland 31 1,131 3 106 | ...... 9 30 
Taiwan 22 779 73 3, 675 2, 004 121 11,752 743 
Tunisia 46 1,630 51 J7;ö;—⁵—ĩÄ5?ẽĩ˙ 6ͥ! ]¾ dt. ee tease 
United Kingdom 211 6,445 150 5,1745 185 17 85 17 
Uruguay 11 370 10 432 45 Joi eee lee 
Venezuela 2 0 2 108 455 52 17,139 841 
Other......... 50 1,805 53 2,283 777 74 670 124 

Total 2,326 78,759 2,043 81,492 47,339 3,404 149,825 9,522 

r Revised. 


Table 12.—U.S. imports for consumption of sulfur, by countries 


(Thousand long tons and thousand dollars) 


1966 1967 


Country c —— -——N [sy 
Quantity Value Quantity Value 


ee 11 „ 

)) 8 703 12,084 750 $18,371 

EENEG 20 ))) 12 
JJ x Os M P | Tees a) 

Lae eee b pos 8 799 21,117 724 29,221 


ieee, Ze EENG E 33,525 1,474 47,612 
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WORLD REVIEW 


Australia.—The world shortage of brim- 
stone caused fertilizer companies to in- 
crease their consumption of pyrites. In 
February, Australian Fertilizers Ltd., and 
A.C.F. and Shirleys Fertilizers Ltd. formed 
Central Queensland Acid Pty. to construct 
a $10 million plant at Gladstone, Queens- 
land, to produce sulfuric acid from pyrites 
mined at Mount Morgan. The plant re- 
portedly will produce 1,000 tons of acid 
per day processing about 250,000 tons of 
pyrites annually. Pyrites have been pro- 
duced by Mount Morgan Ltd. as a low cost 
byproduct for many years, but very little 
was ever used to produce acid. The cost of 
freight from mine to Australia's acid plants 
was relatively high, $14.08 per ton sulfur 
content to Brisbane, Queensland, and 
$23.10 per ton to Newcastle, New South 
Wales. The Government has been paying 
a bounty to both producers of pyrite and 
producers of acid from pyrite, but the in- 
centive was not enough.!“ Australia has no 
native sulfur deposits and has been obliged 
to import all of its elemental sulfur re- 
quirements. In view of this situation, the 
Government was considering an intensive 
search for sulfur and possibly calling in an 
internationally recognized expert to ad- 
vise on the most likely areas to prospect.!5 

Canada.—Shell Canada Ltd. announced 
plans for erecting a sulfur recovery plant 
at its Shellburn refinery, Burnaby, British 
Columbia. The plant costing in excess of 
$600,000 would have a designed capacity of 
15 tons per day of liquid sulfur. Shell ex- 
panded the production capabilities of its 
Waterton, Alberta, plant from 1,200 to 
1,650 tons per day and expected to increase 
the output capacity of its Jumping Pound, 
Alberta, plant from 100 to 240 tons per 
day by January 1968. 

Pan American Petroleum Corp., a subsi- 
diary of Standard Oil Co. (Indiana), was 
building a new gas processing and sulfur 
recovery facility at Bigstone Field, Alberta. 
The daily output from this facility was ex- 
pected to be 320 tons when production 
begins in February 1968. Pan American 


Petroleum Corp. will operate another 
facility under construction at East Cross- 
field, Alberta. The plant was scheduled to 
be on stream early in 1968. Canadian 
Superior Oil Ltd. and Pan American 
Petroleum Corp., each hold a 40 percent 
interest while the remaining 20 percent is 
divided among 18 other owners. The esti- 
mated daily output of this plant was 1,400 
tons. 

Petrogas Processing Ltd., owned by 
Jefferson Lake Petrochemicals of Canada 
Ltd., Mobil Oil Co., and 26 other com- 
panies but operated by Jefferson Lake, 
doubled the output of sulfur at its plant 
at East Calgary, Alberta. The company 
estimated its production increased from 
229,000 tons in 1966 to 500,000 tons in 
1967. A further increase to 600,000 tons was 
planned for 1968.6 

In October, Great Canadian Oil Sands 
Ltd. (GCOS) (82 percent owned by Sun 
Oil Co.) began commercial-scale sulfur 
recovery from the fabulous Athabasca tar 
sands. Thesc huge tar sand deposits, which 
cover some 30,000 square miles of North- 
ern Alberta, reportedly contain the world's 
largest known oil reserves and vast ton- 
nages of sulfur. The GCOS leases cover 
only 4,000 acres or about 1/20 of 1 percent 
of the total. The Alberta Government 
maintains control of production from the 
area. The sulfur recovery plant is part of 
a $235 million complex which will produce 
45,000 barrels of oil, 300 tons of sulfur, 
and 2,800 tons of coke daily. There were 
three more tar sand projects, all larger 
than the GCOS venture, awaiting govern- 
ment approval to proceed.!” 


14 U.S. Embassy, Cranberra, Australia. State 
Department Airgram A-416, Mar. 18, 1967, p. 
1, Enc. 1. 

15 European Chemical News. Australia Con- 
siders Search For Sulfur. v. 11, No. 281, June 
16, 1967, p. 26. 

16 Chemical Week. Sulfur 


: From Canada: 
Twice As Much By ‘70. v. 100, No. 24, June 
17, 1967, pp. 104-106. 


17 Northern Miner (Toronto). Mining Project 
Taps New Northern Resource With Production 


From Athabasca Tar Sands. No. 28, Oct. 5, 
1967, pp. 1, 5. 
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Table 13.—World production of elemental sulfur, by countries ! 


(Long tons) 


Country 1963 1964 1965 
Native sulfur: 
rasch: 
Mexico. ..........- 1,456,656 1, 635, 773 1,481,241 
United States 4,881,927 5,228,365 r 6,116,406 
Pos! 6, 338, 583 6, 864, 138 r 7, 597, 647 
From sulfur ores: 
Argentina 22, 388 21, 955 23, 391 
Bolivia (exports)... 9,793 10,635 9,306 
Canary Islands 6,889 r 9,842 e 7,000 
Chile r 42,751 r 48,185 r 34, 413 
China, mainland e. 120,000 120,000 120, 000 
Colombia 12, 795 11. 942 18,114 
Ecuador........... 163 232 150 
Indonesia 1,033 1,668 r 1,268 
Italy... c tea r 134,640 r 94,484 r 93,992 
Japan: 219, 095 237,413 209, 881 
Mexico 28, 968 25, 989 33, 800 
Philippines 47 6 47 
Poland 231, 486 289, 948 424, 195 
Taiwan 1,144 6,389 4,42 
Turkey --.----- 19, 123 21, 849 21, 94 
U. S. S. R 950, 000 950, 000 1, 000, 000 
United Arab 
Republic (Egypt)- hh — 
United States 415 158 133 
Total sz. r 1, 807, 170 r 1,845, 757 r2,002,061 
Total native 
sulfur......... r 8, 145, 753 r 8, 709, 895 r 9, 599, 708 
Other elemental: 
Recovered 
Belgium..............- 4,921 4,921 3,445 
Brazil .. 5, 659 NA 4, 943 
Bulgaria . 6,29 6, 6,72 
Canada (sales) 226 1,115,968 1,596,574 1,846,778 
China, mainland e 4 5____ 30,000 30,000 130, 000 
Finland............... 37,611 , 063 72,606 
France 5... co 1, 386, 285 1,486, 846 1,497,180 
Germany: 
Baste es ul LL >. 117,981 123,081 122,836 
West 84,949 76,602 15,412 
Hungary.............- 2,938 3,050 3,396 
Inn 20, 000 r 20,000 r 20, 000 
Italy Be u 1,279 787 2,461 
Japan A 11,429 18,499 35,988 
Mexico 7____ 43,308 86,284 45,984 
Netherlands 5. 34,447 28,444 26,475 
Netherlands Antilles : 

Aruba and Curacao *. 34,400 28,500 30,000 
Portugal.............. r 15,358 r 6,033 r 9,583 
South Africa, Republic 

„„ must 1,981 5,701 7,102 
Spain 68, 036 75,452 r 43,253 
Sweden 3. 25, 885 27, 009 r 21,082 
Taiwan *.............. 2,310 2,780 2, 348 
Trinidad 6, 629 5,322 3,723 
U.S. S. R...... 400, 000 400, 000 r 430, 000 
United Arab Republic 

(Egypt) ...........-. 2,355 2,427 3, 648 
United Kingdom ___ 46, 529 53,701 47,992 
United States 946,753 1,021,358 1,215,168 
lee ee t y 8 

Total other elemental. 74,553,302 r 5,227,154 r 5,708,123 

World total......... r 12, 699,055 13,937,049  Á 715,307,831 

e Estimate. P Preliminary. r Revised. 


1 Compiled mostly from data available May 1968. 
2 Includes sulfur from mined sulfur-sulfide ore. 


1966 


1,611,446 
7, 001, 503 
r 8, 612, 949 


r 29,942 


2, 118, 617 


r 10,731,566 


r 1, 515, 683 
125, 682 


0 
S 430, 000 
11,490 


r 39,898 
r 1,240,386 
49 


r 5,733,066 


r 16,464, 632 


1967 » 


1,793,085 
7, 014, 448 


8,807,533 
NA 
49,513 
e 7,000 
NA 
120,000 


24,983 
1,050,000 
NA 

284 


e 2,203,137 


e 11,010,670 


NA 

6, HU 
2,073, 413 
130, 000 

e 75,000 
1,719,019 


e 130,000 
e 100,000 
A 


A 

450,000 
NA 

NA 
1,267,955 
NA 

e 6,236,497 


e 17,241,167 


NA Not available, estimates are included in totals. 


3 In some years Iran produces mine sulfur equivalent to 250-1,500 tons of sulfur. No estimates in total. 


4 From refinery gases. 
5 From sulfide ore. 


6 Produced from natural gas, includes a small quantity derived from treatment of nickel-sulfide matte at 


Fort Colborne, Ontario. 
7 From natural gas. 
$ From shale oil. 
? Including sulfur recovered from petroleum refineries. 
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Table 14.—World production of pyrites (including cupreous pyrites)! 
(Thousand long tons) 


1965 1966 1967 » 
Country —— — — — ñĩ—„— H JU 
Gross Sulfur Gross Sulfur Gross Sulfur 
weight content weight content weight content 
North America: 
Canada (shipment) 315 r 167 r 924 er 143 335 164 
JJ ³¹¹¹ cse T daa TET 30 13 30 13 NA NA 
United States 875 354 r 872 r 356 861 855 
Europe: 
ETH a E 151 63 e157 e 66 NA NA 
Czechoslovakii˖ aa r 369 er 144 r 346 er 135 NA NA 
Nk DEENEN 573 278 508 er261 NA NA 
Fanee ec cc bau 132 56 87 r 36 e 84 e 94 
Germany, West. 432 194 443 203 541 232 
LR EEN r 102 er 46 133 e 60 NA NA 
Italy necem AA E E c ec 1,379 e 607 1,284 518 e 1,407 e 633 
NORWAY Soon ue aee eL. 698 r 312 r 667 r 297 e 632 e 281 
FPS, luc b EE 235 90 235 90 NA NA 
Sold TT ME 604 279 549 253 e512 e 235 
Rumaniss 405 160 r 354 r 138 354 138 
nl EE r 2,386 r 1,131 r 2, 380 r 15115 2,255 1,069 
Sweden 434 217 r 427 r 218 e 433 e 217 
USSR eae n ] AA tos dut 3,250 1,720 3,250 1,720 3,450 1,820 
Yugoslavia ------------------------ 400 160 372 r 156 e 418 e 175 
Africa: 
Nef. 88 56 26 e 50 e 25 NA NA 
Morse eds. Seek eee 18 5 15 ^ EET UR 
Rhodesia, Southern e 81 e 30 NA NA NA NA 
xus South Africa, Republic of, 422 e 170 474 e 189 e 541 e 217 
812: 
China (mainland) 1,480 665 1,480 665 1,480 665 
CYD UB ee ⅛ð v or 88 978 e475 972 r 380 e1,181 e 472 
E TEE 4,255 1,808 r4,659 71,958 *4,480 ¢1,900 
Korea: 
North cua EL S Eu 445 177 r 490 r 195 490 195 
Souths ees = es bees (3) (3) 4 1 4 1 
Philippines 104 48 113 51 144 67 
IIIIJ77ööĩ,ĩĩ Se ĩð ad ar 39 16 41 17 38 15 
TUIK6V. lie ] - icem clie mi 130 60 171 81 123 59 
Oceania: Australia 204 89 r 246 r 107 NA NA 
KEE r 20,982 9,560 721,133 »9,511 21,618 °¢9,764 


e Estimate. p Preliminary. r Revised. 
1 Compiled mostly from data available May 1968. 


NA Not available, estimates are included in total. 


? Pyrite data covering pyrites, cupreous pyrites, and pyrrhotite only are as follows: (in thousand long tons) 


1965, 3,330 tons; 1966, 3,507 tons; and 1967, NA. 
s Less than 14 unit. 


Extensive exploration in Northern 
Alberta indicated the possibility of signifi- 
cant native sulfur deposits. Over 20 pros- 
pecting permits were issued covering 375,- 
301 acres of which 276,480 acres were 
about 265 miles north-northwest of 
Edmonton bordering the southwest corner 
of Wood Buffalo National Park. Samples 
from this area reportedly indicated the 
presence of large native sulfur ore bodies 
with sulfur content up to 90 percent. The 
remaining acreages were located in the 
Hay River area about 25 miles northwest 
of the Rainbow Lake oil field, the Wini- 
fred Lake region about 185 miles north- 
east of Edmonton, and the Daysland area 
about 80 miles southeast of Edmonton. ““ 

Chile.—The Government was making a 
concerted effort to increase domestic sulfur 
production. Prime responsibility for this 


effort was assigned to the Committee for 
Sulfur Production (Comité para la Pro- 
ducción del Azufre) within the Chilean 
Development Corporation (Corporación 
de Fomento de la Producción). According 
to a fact sheet on Chilean sulfur prepared 
by the Committee, known reserves in Chile 
amount to 50 million tons, are of volcanic 
origin, and the sulfur content varies from 
40 to 75 percent. The most promising de- 
posits are located in the northern most 
provinces, "Tarapacá, Antofagasta, and 
Atacama.“ 


Costa Rica. — Consolidated Negus Mines 
Ltd. was engaged in exploration by drill- 


ing, trenching, and tunneling of its prop- 


18 U.S. Embassy, Calgary, Canada. State De- 
partment Airgram A-52, Nov. 28, 1967, p. 1. 

i9 U.S. Embassy, Santiago, Chile. State De- 
purement Airgram A-257, Nov. 24, 1967, p. 1; 
nc. 1. 
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erty in Guanacaste Province. Trench sam- 
ples near the No. 1 drill hole showed up 
to 47 percent sulfur. Much more explora- 
ion is required but plans were being 
formulated to mine the ore and truck it 
to port, 75 miles away.?“ 

Pascar Oils Ltd. was drilling its optioned 
concessions in Guanacaste Province, 18 
miles from the town of Liberia. Assays of 
a drill core taken from a 273-foot hole 
showed 47 feet of 25.2 percent sulfur 
from 33 to 80 feet deep. Some channel 
samples taken in another area averaged 
34.2 percent sulfur. Additional exploration 
was underway.?! 


Ecuador.—Sulfur deposits amounting to 
about 30 million tons were reportedly dis- 
covered near Tufino in the Province of 
Carchü. Cia. Azufrera Ecuatoriana was 
planning to erect a $2.5 million refinery 
to produce 2,000 tons of sulfur per day. 


Guatemala.—A consortium of Amer- 


Table 15.—Mexico: 


MINERALS YEARBOOK, 1967 


ican, Canadian, and Italian business in- 
terests was developing a volcanic sulfur 
deposit at Lake of Ixpaco. Reserves of 2.3 
million tons were reportedly proved. The 
company, Azufres de Guatemala, expected 
to be producing 300 tons of sulfur daily 
by yearend. Several obstacles had to be 
overcome before large-scale operations 
could begin. Among these were the lack of 
electric power at the mine site and lack of 
transportation facilities from mine to the 
Pacific coast highway.” 


India.—The Government-owned Py- 
rites & Chemical Development Corp. will 
build and operate India’s first sulfuric 
acid plant at Sindri, Bihar. Construction 
was Started in February and the plant was 
scheduled for a daily output of 400 tons 
of acid by June 1968. The plant will use 
pyrite ore from the Amjhore deposits near 
Sindri which contain an estimated 384 
million tons of pyrite ore averaging 40 
percent sulfur.?? 


Exports of sulfur, by countries 


(Long tons) 


Destination 


North America: United States 
South America: 


United Kingdom 
Africa: 

South Africa, Republic of 

Tunisia 


Asia: 


Source: Compiled from U.S. Embassy, Mexic 


mp em were — — ep — — =< GA C OoII  L— — — ep mm — — — 
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= — < em =< =< em — mm =< vm — — < < = — A em gp en em — e — mm — — - e - = ms ms 


1966 1967 
——— M 818,329 711,781 
FFF 4,000 . 
cp E 10,169 Se De 
ee 4,400 dee 
1 E E 95,055 145,700 
e EE 46 , 409 71,892 
33 EET 238,143 297, 805 
FFF 10,002 20,161 
FC 51,891 41,448 
FF 14.994 ö 
2 Se Ee 20,549 86,624 
———— ———— een 5,998 
F 9, 842 45, 228 
V 101. 554 127,839 
cm 60,465 47,607 
do te oe nn et tusa Re 1,485,802 1,602,083 


o, D.F., Mexico, State Department Airgram A-1077 Apr. 


27, 1967, p. 2; Airgram A-682, Tan. 31, 1968, Enc. 2. A-1121, June 19, 1968, Enc. 2. 


Mexico.—Pan American Sulphur Co. 
stockholders approved the offer of the 
Mexican Government and private investors 
to purchase 66 percent of the common 
stock of its subsidiary, Azufrera Panameri- 
cana, S.A. de C. V., the largest Frasch 
sulfur producer in Mexico. Under the 
agreement royalities were reduced from 20 
percent to 12 percent of value, and Pan 
American Sulphur Co. received 34 per- 


cent of the earnings after March 30. 


20 Northern Miner (Toronto). Consider Mining 
Sulphur Property of Cons. Negus, No. 26, Sept. 
21, 1967, p. 16 

21 Northern Miner (Toronto). 
Values In Pasear Drilling. No. 
1967, p. 10. 

22 Bureau of Mines. Mineral 
v. 64, No. 8, August 1967, pp. 

U.S. Embassy, Guatemala City, Guatemala. 
State Department Airgram A-110, Aug. 31, 
EDT pp. 1-2. 

3 Bureau of 1 Mineral Trade Notes. v. 
15 No. 5, May 1967, 9. 


More Sulphur 
33, Nov. 9, 


Trade Notes. 
10-11. 
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An agreement between Texas Gulf 
Sulphur Co. (TGS) and the Mexican 
Government was reached which allowed 
Compania Exploradora del Istmo, a TGS 
subsidiary, to resume operations as an 
affiliate. Under the terms of the agreement, 
the Mexican Government acquired a 33- 
percent interest in the subsidiary and a 
group of private Mexican investors, 33 
percent, leaving 34 percent retained by 
TGS. On October 23, Exploradora del 
Istmo resumed sulfur production at 
Nopalapa. Operations had been suspended 
more than 5 years ago at the property on 
the Isthmus of Tehuantepec. A 1, 000 
ton-per-day melting facility was completed 
which will be used to liquify the 300,- 
000 ton stockpile at Nopalapa belonging 
to TGS. Additional drilling by the affiliate 
at Texistepec increased the indicated sul- 
fur reserves, and the construction of 
another Frasch mining facility there was 
being considered. 

Several large U.S. phosphatic fertilizer 
producing firms concerned over the cur- 
rent sulfur shortage and the attendant 
price increases joined a rush for Mexican 
sulfur. As required by law, each formed a 
joint company with the Mexican Govern- 
ment and Nationals holding at least a 66- 
percent interest. The following new com- 
panies were actively seeking sulfur de- 
posits to exploit: 

Unión Minera del Sur S.A. (Cities Serv- 
ice Co., 34-percent interest), Azufrera In- 
tercontinental S.A. de C.V. (International 
Minerals & Chemicals Corp., 34-percent 
interest), Minera de Sotavento SA. de 

V. (Hooker Chemical Corp., 34-percent 
interest), Azufrera Industrial S.A. de C. V. 
(Continental Oil Co., 34- percent owner), 
and Azufrera Nacional S. A. de C. V. (24.5 
percent owned by Sulphur Exploration Co. 
of Houston, Tex.) 

In addition to the U.S. firms, two Cana- 
dian firms, one large French oil company, 
and several private investors reportedly 
had jointed the rush. International 
Helium Co. Ltd. (Toronto) took a 34- 
percent interest in a newly formed com- 
pany, Azufres Nacionales Mexicános S.A. 
de C.V., to explore and mine sulfur domes 
in the Istmus of Tehuántepec. The Mexi- 
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can Government and Mexican investors 
held 66 percent of the shares in this new 
venture. 


New Zealand.—Large deposits of py- 
rites were reportedly found in the Waihi 
area. The Zeacon Mining Company Ltd. 
was further exploring the area to deter- 
mine the feasibility of sulfur production. 


Philippines.—The presence of 18.8 mil- 
lion tons of sulfur bearing material of 
volcanic origin assaying 28 percent sulfur 
was reported by Benguet Consolidated 
Inc. Additional drilling, testing, and feasi- 
bility studies were scheduled on the de- 


posits which were in Negros Oriental 
Province about 400 miles south of 
Manila.“ 


Poland. — Current projects for increas- 
ing the output of native sulfur were ex- 
pected to boost capacity to 1 million tons 
by 1970. Polish chemical executives quali- 
fied this by adding a provision that capac- 
ity would be increased if the world market 
is able to absorb the additional export 
tonnage of 500,000 tons.?* 

Saudi Arabia.—The first sulfur recovery 
plant in the middle East was being plan- 
ned for Damman by Occidental Petroleum 
Corp. The initial annual capacity of the 
plant would be about 250,000 tons with 
production expected in 1968. The King- 
dom of Saudi Arabia’s General Petroleum 
and Mineral Organization reached an 
agreement early in the year with Occiden- 
tal Petroleum Corp. and Allied Chemical 
Corp. for the development of the $19 mil- 
lion venture.“ 

Yugoslavia. —A new electrolytic zinc 
plant was established in Kosovska, Mitro- 
vica, which will supply 85,000 tons of 
sulfuric acid annually as a byproduct.?? 


24 World Mining. Benguet Proves A 
Sulphur Deposit on greene’ Oriental. v. 3, No. 
10, September 1967, 

25 Oil, Paint und Diag Reporter. Sulfur’s 
Production in Poland Is Seen to Million 
Tons in ’70 If World's Demand Ke v. 192, 
No. 19, Nov. 6, 1967, pp. 5, 48 

26 Mines Magazine. Agreement Reached to 
Build Sulphur Recovery Plant in Kingdom of 
pone Arabia. v. 57, No. 1, January 1967, 
D 

?7 Foreign Trade (Ottawa). v. 126, No. 2, 
Jan. 21, 1967, p. 35. 
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TECHNOLOGY 


The petroleum industry has become an 
important source of sulfur and data on the 
sulfur content of most of the important oil 
fields of the free world were assembled and 
reported in a single source. The sulfur 
content of 1,060 United States crude oils 
and 201 foreign crude oils were given.?“ 

Sulfur dioxide (SO?) that could be con- 
verted to elemental sulfur or sulfuric acid 
was recovered from stack gases at Tampa 
Electric Co’s., Gannon Plant. Flyash and 
sulfur trioxide (SOs) were removed in a 
reactor, and SO; was removed by solutions 
in special receiving and treatment tanks. 
Part of the solution was returned to the 
reactor, and clean gas was discharged to 
the stack. The remainder of the solution 
was pumped to a cooler and stripping 
column from which SO; was sent to a 
compressor. The stripped solution was re- 
turned to the absorption cycle. The SO; 
produced was 99.9 percent pure. The cal- 
culated costs reported were such that an 
operation producing 81,000 tons of sulfur 
equivalent from the 1,300-Mw plant, us- 
ing 2,730,000 tons of coal containing 3.5 
percent sulfur, would break even if sulfur 
were $25 per ton at the power plant.?? 

A process was developed at the Bureau 
of Mines Salt Lake City, Utah, Metallur- 
gical Research Center for recovering sulfur 
as a coproduct from brines containing 
sodium sulfate. Featured in the process 
was the use of a barium resin which could 
be regenerated and reused. In the proc- 
essing, the sulfur contained in the brine 
as a sulfate was reduced to the sulfide and 
combined with hydrogen. Sulfur was then 
recovered from the hydrogen sulfide by 
one of the well known processes. Approxi- 
mately 145 pounds of sodium carbonate 
and 45 pounds of sulfur could be re- 
covered from 1,000 gallons of lake brine 
containing 16 grams of sulfate (SO,) per 
liter. ?? 

The use of alkalized alumina for remov- 
ing sulfur dioxide from flue gases at 625° 
F was tested on a small pilot plant scale. 
The absorbent was regenerated with the 
reducing gases—reformed natural gas and 
hydrogen. Twenty cycles were completed 
without loss of activity.?! 

A method for recovering hydrogen sul- 
fide from natural gas developed by Shell 
Canada may be available to other gas 
processors under license from the devel- 
oper. Lower plant construction costs was 


the principal benefit of the process used at 
Waterton, Alberta, since 1962.9? 

An optimized sulfur production system 
at Lacq, France, promised increased re- 
covery and cleaner tail gas from desul- 
furization units using the Claus process. 
Automatic equipment consists of a monitor 
for continuous measurement of sulfur 
losses, an automatic network for controll- 
ing input to catalytic converters, an antici- 
patory analog computer for correcting all 
measurable changes, and a minimum loss 
search system to correct for and keep 
nonmeasurable changes at a minimum.?? 

Liquid sulfur containing carbonaceous 
material was cleaned by heating to 600? 
to 825? F to vaporize the part of the sul- 
fur containing the combustion products. 
The vaporized material was passed across 
a packing bed, countercurrent, to makeup 
liquid sulfur which cooled the sulfur 
vapor to liquid sulfur and permitted the 


combustion products to remain in a 
gaseous state. 
Steel producers claimed that hydro- 


chloric acid (HCl) pickling produced a 
whiter, brighter sheet than sulfuric acid 
(H2SO,;) pickling, and a prediction was 
made that half the pickling lines would 
use HC] by 1970. It was stated that better 
sheet with more consistent quality from 
one end of the coil to the other was possi- 
ble, as well as an increase of 66.7 percent 
in line speed using HCl. Regeneration of 
HCl would decrease the problem of pollu- 
tion of streams and rivers. Plant cost was 
lower with HCl, but acid costs were com- 


28 McKinney, C. M., and Ella Mae Shelton. 
Sulfur Content of Crude Oils of the Free 
World, BuMines Rept. of Inv. 7059, 1967, 


Zu pp. 
29 Electrical World. Pilot Plant Absorbs 
Sulfur In Station Stack Gases. v. 168, No. 15, 

Oct. 9, 1967, pp. 29, 30. 
J. M. Riley, and 


30 George, D’Arcy R., 
Laird Crocker. Preliminary Process Develop- 


ment Studies for Desulfating Great Salt Lake 


Brines and Sea Water. BuMines Rept. of 
Inv. 6928, 1967. 34 pp. 
3! Bienstock, D., J. H. Field, and J. G 


Myers. Process Development in Removing Sul- 
fur Dioxide from Hot Flue Gases. BuMines 
Rept. of Inv. 7021, 1967, 52 pp. 

32 Engineering and Mining Journal. Shell 
May License Sulfur Process. v. 167, No. 1. 
January 1966, p. 18. 

33 Chemical Age (London). S.N.P.A. Opti- 
mise Sulphur Production at Lacq. v. 96, No. 
2459. Aug. 27, 1966, p. 346. 

34 Lipps, Delbert A. (assigned to Freeport 
Sulfur Company, New York). Process for 
Heat-Treating Liquid Sulfur Containing Car- 


bonaceous Impurities, U.S. Pat. 3,316,063, Apr. 
25, 1967. 


SULFUR AND PYRITES 


parable for the two acids. The three major 
automobile manufacturers, each a large 
buyer of pickled sheet, indicated that they 
could use sheet pickled by either process.* 

'The Ford Motor Company is developing 
a battery for trial in electric driven auto- 
mobiles. In the new battery a ceramic elec- 
trolyte of about 90 percent aluminum 
oxide separates liquid sulfur and liquid 
sodium electrodes. Battery operating tem- 
peratures of 250? to 300? C are required 
to keep the electrodes molten. Heat gen- 
erated during use is sufficient, and the bat- 
tery may require cooling during peak 
loads. It was believed that a model could 
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be developed that could maintain an 
operating temperature for 2 weeks' inactiv- 
ity with proper insulation. An energy- 
density goal of 150 watt-hours per pound 
is hoped for. This would be 12 to 15 times 
greater than for conventional lead-acid 
batteries. À 2 kilowatt model of the sulfur- 
sodium battery was expected by the end 
of 1967 but at least an additional year 
would be needed to produce a 40 kilowatt 


prototype for automotive use. 


35 Steel. Pickler's Pickle—Sulfuric or Hydro- 
chloric? v. 158, No. 25, June 20, 1966, pp. 


Electric 
Sodium-Sulphur 


Sulphur Institute Journal. 
Power Concept Uses 
System. Autum 1966, p. 18. 
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Talc, Soapstone, and Pyrophyllite 


By J. Robert Wells 


The United States mined more crude 
talc, soapstone, and pyrophyllite in 1967 
than in any previous year, establishing 
alltime records for both tonnage and total 
value. Marked declines in two of the pro- 
ducing States were more than offset by 
substantially increased 
others. 

The literature on domestic talc resources 
was increased by the publication of Bureau 
of Mines Report of Investigations 7045, 


outputs in five 


“Talc and Asbestos at Dadeville, Ala.“ in 
completion of a study made in collabora- 
tion with the Alabama Geological Survey. 


Legislation and Government Programs. 
—The General Services Administration 
announced on September 18, 1967, the 
sale from stockpile surplus of 20,000 
pounds of Indian lump steatite talc. The 
successful bid of $1,600 for this material 
was placed by the Superior Steatite and 
Ceramic Corp., Englewood, New Jersey. 


Table 1.—Salient talc, soapstone, and pyrophyllite statistics 


(Thousand short tons and thousand dollars) 


1963 1964 1965 1966 1967 
United States: 
Mine production 804 890 863 895 903 
EE $5,505 $6,218 $6,343 $6,479 $6,871 
Sold by producers 79 875 838 r 85 824 
EE $18,420 $19,233 $19,794 * $19,269 $20 , 488 
Exports EE 5 74 70 66 
Il. OE EREI $2,778 $3,391 $3,486 $3,917 $3 , 450 
Imports for consumption 2 23 2 22 15 
III! 8 $1, 088 $917 $833 r $827 $653 
World: Production 411 3,878 3,932 4,031 4,016 
r Revised. 
1 Excludes powders—talcum (in package), face, and compact. 
DOMESTIC PRODUCTION 
In 1967 talc was mined in ten States, the six largest producing firms. The re- 


soapstone in seven States, and pyrophyl- 
lite in three States. Six States produced 
talc only, four soapstone only, two talc 
and soapstone, one pyrophyllite only, and 
one talc and phyrophyllite. Only one State 
reported production of all three. The lead- 
ing producers of these crude talc-group 
minerals were New York, California, and 
Vermont, in that order, besides which 
there were two other States that also had 
outputs for the year of more than 100,000 
tons each. Approximately 65 percent of 
the entire 1967 domestic supply of talc, 
soapstone, and pyrophyllite was mined by 


mainder consisted of the combined con- 
tributions of about 35 other companies. 
California's talc grinding capacity was 
materially expanded by the completion of 
two new processing plants in that State. 
Discovery was announced of an extensive 
deposit in St. Lawrence County, N. V., 
that contains a micaceous talc ore com- 
parable to laminar western talc and not 
hitherto known to occur in the east. 
Proximity to major markets may give this 
New York mineral an important shipping- 


1Commodity specialist, Division of Mineral 
Studies. 
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Table 2.—Crude talc, soapstone, and pyrophyllite produced in the United States, by States 


1966 1967 
State Short tons Value Short tons Value 
(thousands) (thousands) 
fee ð K une IE 138,340 81,847 143, 466 $1,945 
Georgia coe da bee coL aces EN 41,000 25 46,150 29 
Nevada l o ..... l... l. O... ..-...... 4,715 2 2,096 17 
North Carolina -____- 113,366 576 109,393 513 
7CôöõÜ˙Ü5— ñ r)... 8 102, 399 367 90, 836 356 
„ RE ctae t su 3,989 10 W W 
Washington 3,880 2 4,916 26 
Other State 487,356 3,378 505,655 3,722 
Total... d 2 uec ed 895,045 6,479 902,512 6,871 


W Withheld to avoid disclosing individual company confidential data. 


! Includes Alabama, Arkansas, Maryland, Montana, New York, Oregon, Pennsylvania, Vermont, and data 
indicated by symbol W. 


Table 3.—Talc, soapstone, and pyrophyllite sold by producers in the 
United States, by classes 


Crude Ground ! Total 
Year Value at B Value at Value at 
Short tons shipping Short tons shipping Short tons shipping 
x point point point 
bI ck 8 63 ,924 $310,752 730,087 818, 109, 581 794,011 $18 , 420 , 333 
1964. 73,438 370,851 801,587 18,862,560 875, 025 19,233,411 
1965. ii 63,345 254,681 775,079 19,539,300 838,424 19,793,981 
19666 5:45:22 css 2r 110,856 r 492, 723 738, 736 18,775, 841 r 849,592 r 19,268,564 
196 Gt 8 2 42,758 279. 542 780,998 20,207,990 823, 756 20, 487, 532 
r Revised. 


" ! Includes crushed and sawed and manufactured material to avoid disclosing individual company confidential 
ata 


2 Includes exports to grinders in Belgium and Mexico. 


cost advantage. In Vermont, Engelhard 
Minerals & Chemicals Corp. purchased 
talc mining and milling operations in 
Lamoille County from Eastern Magnesia 


Talc Co., Inc. The latter firm will con- 
tinue its producing and processing activi- 
ties at talc properties in Windsor County 
as Windsor Minerals, Inc. 


CONSUMPTION AND USES 


According to information supplied to 
the Bureau of Mines by producers and 
grinders of talc, soapstone, and pyrophyl- 
lite, the 1967 end-use pattern for these 
materials displayed no outstanding 
changes. Continuing the trend of recent 
years, however, there was a further, al- 
though moderate, decline in the relative 
share of the talc-group output going into 
ceramics. This use accounted in 1963 for 
34 percent of the total, for 32 percent in 


1964 and 1965, for around 28 percent in 
1966, and for less than 27 percent in 
1967. In absolute figures, this dip has 
been sharper than is apparent, because 
there has been a coinciding 4-percent 
growth in the total-output base to which 
these percentages apply. Large- volume 
importing of wall tile has been mentioned 
as one of the influences contributing to 
this downward drift in domestic ceramics 
consumption of the talc-group minerals. 
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Table 4.—Pyrophyllite ! produced and sold by producers in the United States 


Production Total sales 
Year short tons ———————— —— 
Short tons Value 
EE AAA 129,018 132,719 $1,664,329 
19044... uhay e ß 136,108 142,532 1,843,283 
1J//%%% ¾ )) EEN 126, 266 136, 308 1, 823, 946 
J)JJ!!J!J.!!!kk ↄðĩ S a o e 125, 202 126,874 1, 627, 160 
//%///%%C·0CĩiàQ? ³ð :.:... ·⁊˙vvdd c 117,457 118,337 1,578,736 


1 Includes sericite schist. 


Table 5.—Talc, soapstone, and pyrophyllite sold or used by producers in the 
United States, by uses 


(Short tons) 
Talc and soapstone Pyrophyllite 
Uses 
1966 1967 1966 1967 
Ceramics- dI cuiua lE ue cic 210,376 203, 438 22, 205 15,623 
Foundry facing „59 7 ³¹¹¹ ` ce 
Inssteideese 8 36,449 40, 759 25,449 27, 598 
C;õÄÜ;, ˙ . my mtr wm 8 147,299 151,752 
LEE 42,331 45,046 24.552 825 ere 
MOONE so suc ee e seule 59,346 Tl 494 12.12 207222 
Rll eee sy Ek eo ee ha eed 22,108 27,987 W W 
PFI! y M 8,403 8,384 ......... W 
Toilet preparation s 25, 522 26,9988 W 
idco AMERICA DN MM 1r 166,288 1 123,855 279 220 275,116 
Nd DEE r 722,718 705,419 126,874 118,837 
r Revised. W Withheld to avoid disclosing individual company confidential data. 


1 Includes asphalt filler, composition floor and wall tile, crayons, exports, grease manufacture, insulated wire 
and cable, joint cement, plastics, rice polishing, vault manufacturing, and miscellaneous products and items 
indicated by symbol W. 

2 Includes uses indicated by symbol W and asphalt filler, joint cement, plaster products, refractories, and 
related products. 


PRICES 


Total values for 1967 production and 
sales of talc, soapstone, and pyrophyllite 
as reported to the Bureau of Mines are 
listed in table 1. The per-ton averages 
derived from these data are indicative of 
current general price ranges, but in 1967 
as usual actual sales were arranged at 
prices established in buyer-seller agree- 


ments not publicly recorded. Talc-group 
quotations in 1967 trade journals were 
essentially the same as those cited in the 
1963 Minerals Yearbook, although early 
in the year two large eastern producers 
announced price increases of $2 to $3 
per ton for some of their products. 


FOREIGN TRADE 


In 1967 the United States exported 
talc-group minerals to 57 countries, fore- 
most of which in terms of quantity were 
Canada, 46 percent; Belgium-Luxem- 
bourg, 18 percent; and Mexico, 10 per- 


Table 6.—U.S. exports of talc, steatite, 
soapstone, and pyrophyllite, crude and 
ground 


(Thousand short tons and thousand dollars) 


cent. Canada was first also in total value Test Quantity. Value 
with 42 percent, followed by Mexico with 196. 70 $3,486 
11 percent and Belgium-Luxembourg with  1966---------------------- 70 ~- 8,917 
! d Li crc cela Tu eaten 6 ,450 
slightly less than that figure. edid ; Mie 
Italy, as a source of talc imported by its long-held first place in  tonnage, 


the United States for consumption, even 
though still in the lead in total value, lost 


yielding in *hat respect to both Canada 
and France. 
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Table 7.—U.S. imports for consumption of talc, steatite or soapstone, and 
French chalk, by classes and countries 


Crude and powdered, or Cut and Total 
unground pulverized, except sawed unmanufactured 
Year toilet preparations 

Short Value Short Value Short Value Short Value 1 

tons (thou- tons (thou- tons (thou- tons (thou- 

sands) sands) sands) sands) 
1 9G EE 33 $4 20,835 $739 154 $90 21,022 $833 

1966: 
Cangas o e ës 254 2 3,038 64 9 5 3,301 71 
Franſgſe -- 4 (2) 5,046 116 1 (2) 5,051 116 
IIC! ee on ccs 28 3 84 da eevee meso 112 6 
EE EE EEN See 9,835 451 8 9,848 455 
77 A [ede rue EVO as NONE 239 130 239 130 
Korea, South. ............. 55 3 3,307 46. 2c mel 8,362 49 
Total. u uu uz uu Lu sus 341 8 21,310 680 257 139 21,908 827 
1967: 

Australia 11 1 10 CC 21 2 
Belgium- Luxembourg 28 B: game, Beat 28 6 
Canada 2,850 29 2,147 47 6 1 5,003 77 
Francë- 522. eue eee ae 4,985 122 1 (2) 4,986 122 
IT! ³˙¹¹A ͤ „ . Beets! Sones 20 2 
derre Ü 66 6“ . vy 10 22 Qasi 10 2 
e Ft it s 32 (2) 4,379 281 4 4,418 285 
SE J. ĩ eae I  .(3). Gaare ¿shua 200 124 201 124 
Korea, South, 670 28 1 (2) 671 28 
fh Eee / y gees 5 3 5 
KN DEE 2,914 32 12 ,229 487 218 134 15,361 653 


Ground, washed, 


1 Does not include other clay, n.s.p.f.: 1965, $33,764; 1966, $7,131; and 1967, $4,938. 


2 Less than 1⁄4 unit. 


WORLD REVIEW 


Australia.—An open pit mine in West- 
ern Australia supplied talc for domestic 
and foreign markets. In the 6 years since 
its inception this operation has yielded 
part of Australia's own talc requirement 
and more than 20,000 tons for export to 
European and Australasian consumers. 


Belgium.—A new grinding plant in 
Ghent received its initial shipments of 
crude talc from the United States. This 
material, mined in Montana and con- 
veyed to the Belgian mill by rail, ocean 
steamer, and river barge successively, will 
be processed to meet the needs of Euro- 
pean paper and ceramics manufacturers. 


Colombia.—Discovery of talc deposits 
of potentially commercial importance was 
reported as one of the results of the first 
part of a recently undertaken geological 
reconnaissance of national resources. 


Finland.—Lohjan Kalkkitehdas, a ma- 
jor producer of industrial minerals, was 
weighing the export potential before de- 
ciding for or against the construction of 


a projected talc preparation plant in 
Sotkamo. 


Mexico.—Sierra Talc de Mexico, S.A., 
opened a new plant at Xalastoc to turn 
out a wide range of talc and clay prod- 
ucts, partly for export and partly for use 
by domestic industries. 


Norway.—In the Norwegian nonmetal- 
lic mineral industry, talc, with an annual 
production of about 85,000 tons, is ex- 
ceeded in commercial importance only 
by graphite. 


Pakistan.—Scientists of the Geological 
Survey of Pakistan began an exploration 
to assess the potential industrial signifi- 
cance of soapstone deposits recently dis- 
covered in the Kurram Agency. 


Rumania.—The Technical Directorate 
of the Ministry of Mines estimated that 
the Rumanian talc production in 1970 
would be 140,000 tons or 22 percent 
greater than in 1965. The intention of 
expanding surveyed talc reserves more 
than fivefold was announced. 
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Table 8.—World production of talc, soapstone, and pyrophyllite, by countries ! 


(Short tons) 


Country 1963 
North America: 
Canada (shipment) 54,250 
Mee der E eye 4,400 
United States 804,358 
South America: 
Argentina. ss Sos s 30,932 
BIBZH lc zn 8 38,487 
Chile- us E ⁵ð v y e 2 , 846 
Colombia 522 8 r 717 
Paraguay NA 
o RE 2, 870 
i ee eee Oe os 1,890 
Europe: 
A! Eos D saus cece us 72, 360 
Finland eeror 8 7,44 
FC Vu 174,298 
Germany, West (marketable ) 26,957 
Gre... 88 3,025 
C)]])C1!!!!! 88 153, 590 
leie. ore see das es 80,537 
Portugal. z uu Se 86 59 
Rumania- ---------------------- e 110,000 
in EE 30,317 
Swedens:- « 8 20, 696 
US EE 385,000 
United Kingdom 8,933 
Africa: 
Bo a cnl ec h ee 
Rhodesia, Southern 21 
South Africa, Republic of, 7,566 
Swaziland 3,052 
United Arab Republic r 5,280 
Asia: 
China, mainland CCC 165,000 
Indi8--—- BO es EEN 133,357 
SADA i e ⁵˙Üw ⅛ rx m 8 944,551 
Korea: 
North e; oleas 33,000 
Sl ects 70,772 
Pakistan- -.-.-_------------------- 2,061 
Philippines 105 
RR tae y ĩͤ 8 16, 300 
Oceania: Australia 15,616 
Total *:4. uin o sse oe So r 9,411,186 


e Estimate. P Preliminary. r Revised. 
! Compiled mostly from data available May 1968. 


1964 1965 1966 1967 » 
58,132 52, 837 r 70,144 59,389 
4,400 4,400 4,400 NA 
889,949 862,875 895,045 902,512 
r 27,335 r 28,969 29,873 NA 
53,038 r 63,546 e 64,000 NA 
3,042 r 4,822 12, 813 NA 
805 440 1,317 NA 
52 154 66 NA 
r 4,147 4,935 4,227 NA 
2,341 2,618 2,846 NA 
79,225 r 83,668 84,110 87,000 
r 9.062 r 7,716 r 5,516 NA 
r 226,414 264,872 213,848 215,000 
33,604 33,878 r 36,280 35,300 
3,086 3.858 3.858 N 
147,522 131,256 124,207 134,482 
r 87,536 r 88,185 86,366 88,000 
880 78 r 794 
° 110,000 126,765 127,000 143, 000 
29,550 r 31,65 N NA 
18,360 r 20,639 21,000 — *21,000 
385,000 395,000 395,000 408,000 
11,374 11,174 ° 11,000 A 
MEE FFF 
15 ° 90 NA 
7,294 10,187 9,530 11,200 
2,199 1,014 480 
18,542 43,682 e 44,000 NA 
165,000 165,000 165,000 165, 000 
154,203 184,998 172,284 NA 
1,162,646 1,110,908 1, 222,435 1,509,663 
44,000 55,000 55,000 55,000 
99,272 93,306 119,379 135,443 
2.821 3,135 3,618 NA 
108 654 702 NA 
18,718 16,787 31,694 45,542 
r 18,777 r 21,710 r 23,931 NA 
3,878,449 73,981,570 74,031,268 4,015,531 


NA Not available. 


? Totals are of listed figures only; no undisclosed data included. 


South Africa, Republic of.—Production 
of wonderstone (block pyrophyllite) was 
6,193 short tons in 1966 and about 4,500 
tons in 1967. Total exports of this mate- 
rial amounted in 1966 to 6,154 tons, 
valued at $648,668. 


In 1964 the United States received, in 
terms of both quantity and value, nearly 
98 percent of the total exports, but com- 


parable data for subsequent years are not 
available. 


Sweden.—The Swedish Geodetic Sur- 
vey mentioned the discovery of a large 
deposit of talcose minerals near the Fin- 
nish border and north of the Arctic 
Circle. Preliminary exploration showed 
that the ore body may contain over 2 
million cubic meters of commercial quality 
mineral. 
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Table 9.—Austria, France, and Italy: Exports of talc and soapstone by countries 
(Short tons) 


Exporting Countries 


Destination 


Austria France Italy 
1966 1967 1966 1967 1966 1967 

Ee ³ A C 1,997 1,717 132 NA 
AUS Pa ß dd ñ ññ ETRAS 1,185 NA 
Belgium- Luxembourg 6,031 6,034 4,352 3, 866 644 NA 
%%% SZ SS usaq x x st eia Kas 1,058 NA 
EM cyte ecce 1,528 NA 
DeninBrk. ß .......- 362 525 226 205 27 NA 
Finland EES E r 378 JA ·˙¹¹ů K 
Fans 8 1,575 22020: sae un auum r 8,681 4,516 

Germany 
VT LEE 5,089 4.004. cR. o˙˙w dX. adque dn 
West ucl k wm Sede 32,157 81,550 9,932 9,395 7,099 6,633 
MUN ð v O „197 2.198- 22: lte 680 NA 
Ed BEER 418 323 679 663 208 NA 
Italy cadi eee Salen aed 8,904 10,466 1, 578 777 · A dee 
Ivory C.... ꝛd0u 8 538 M26 cascesee ᷣ w 
j| D ⁵ðĩðͥ e e 710 NA 
E ñ ho metr ⅛ ̃ ⁵ ß RE 905 1,764 
Morde. 8 „ 1,299 634 66 NA 
Netherlands. .... .............. LL... 3,450 8,878 1,519 1,177 r 460 NA 
Poland. cuc y stops aiu Me 96 1,195 808 608. vn ` ebe 
Fl! ³˙·¹m e ea aE E 7 26 r 569 777 274 NA 
Rumania. ns oa 44 / ster x lus See. fetes 
Spain e ² AAA 8 27 58 596 743 r 300 NA 
S ³owm ʒ zx 57 392 845 86 82 NA 
Switzerland... .... Ll. o loc c... 4,205 4,586 6,461 5,917 r 1,458 NA 
FI ³⁰¹·—Üw]⁵j QS asas Oaah 360 465. oou. ¿Susu 
United Kingdom 184 295 9.535 11,025 7,585 6,685 
United States 22222222 5,028 4,933 *10,059 4,458 
F oooh ð«ðiD d ði x 1,366 NA 
Yugoslavia. .... . 22222 olco cl. cl. 11 154- Zieler ` omnc 158 NA 
Other countries 68 55 "1,929 3,286 r 3,744 11,618 
RK d EE 66 , 753 68 ,065 48 ,624 49,594 1 48,409 35,674 

r Revised. NA Not available. 
TECHNOLOGY 


Talc and pyrophyllite were found to 
be especially amenable to processing in 
an attrition microgrinding apparatus de- 
veloped by Bureau of Mines engineers and 
described in Bureau publications. At the 
Calgary meeting of the Canadian Insti- 
tute of Mining and Metallurgy, it was 


ficial diamond? 4A preparation of talc, 
chalk, and  barite was recommended 
for removing patches of floating oil from 
water surfaces, as in harbors. The mix- 
ture preferentially absorbs the oil and 
causes it to sink.* 

Talc with ball clay and talcose rock 


announced that an equipment manufactur- 
ing firm has devised a high-intensity wet 
magnetic separation process for the elim- 
ination of impurities in talc. It has so 
improved the quality of the talc produced 
by an associate company that it commands 
a fourfold higher price. 

Compression tests with different pres- 
sure-transmitting agents showed that 
pyrophyllite performs better than talc in 
high-temperature applications and sup- 
porting studies pointed out reasons for 
this superiority. In a different but allied 
application, powdered pyrophyllite was 
specified as an ingredient of a charge 
mixture used for the production of arti- 


with ball clay plus wollastonite are two 
of the premix ceramic tile bodies most 
frequently furnished to tile manufacturers 
by a supplier of clays and other ceramic 
raw materials. This new service involves 


the grinding, weighing, and blending of 


2 Graf, R. B., and C. O. Hulse. Effect of 
Temperature on the Mechanical Properties 
of Solid  Pressure-Transmitting Media. 
Appl. Phys., v. 35, No. 12, 1964, pp. 3466- 
3468, and v. 36, No. 5, 1965, pp. 1593-1596. 
Abs. in J. Am. Ceram Soc. v. 49, No. 6, 
June 1966, p. 167. 

3 Giardini, A. A., and J. E. Tydings (as- 
signed to U.S. Secretary of the Army.) Syn- 
er er Diamond. U.S. Pat. 3,325, 254, June 
13, 1967. 

4 Anderson, H. C. British Pat. 1,023,252, 
Mar. 23, 1966. 


TALC, SOAPSTONE, AND PYROPHYLLITE 


ingredients according to customer speci- 
fications.* 

The specific characteristics of articles 
fabricated from steatite talc for electronic 
uses as compared with those with different 
ceramic derivations were tabulated and 
briefly discussed as criteria for deciding 
upon optimum materials for individual 
applications. A description was published 
of the equipment and technology in- 
volved in a highly automated operation 
maintaining close size and composition 
tolerances in the mass production of 
steatite ceramic electrical components.? 

An exceptionally pure grade of talc 
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from a mine in Montana was found to 
meet the requirements for human internal 
toleration and was selected to serve as the 
carrier for a newly developed oral drug 
that may someday release diabetes suf- 
ferers from the recurring discomforts of 
syringe-administered insulin. 


š Burkley, Richard L.  Preblended Tile 
Bodies. Ceram. Age., v. 82, No. 11, November 
1966, pp. 28-30. 

6 Schmidhammer, G. I. Basic Properties In- 


fluence Selection of Electronic mics. 
Ceram. Ind., v. 88, No. 4, April 1967, pp. 
114-116. 

7 Allen, Alfred C. Centralab Invests in 


Facilities for Future Business. Ceram. Ind., v. 
87, No. 2, August 1966, pp. 40-42. 
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Thorium 


By Charles T. Baroch’ 


Domestic thorium continued to be pro- 
duced wholly as a byproduct of the proc- 
essing of rare-earth elements from mona- 
zite. Monazite production in Georgia and 
Florida increased 50 percent over that of 
1966. Imports of monazite were 14 percent 
less than in 1966. The use of thorium, for 
both industrial and nuclear purposes, re- 
mained fairly steady, but thorium supply 
was still in excess of demand. 


Legislation and Government Programs.— 
An amendment to the Atomic Energy 
Commission (AEC) regulations, Part 40, 
Licensing of Source Material, exempted 


from licensing requirements the possession 
and use of finished aircraft parts contain- 
ing nickel-thoria alloy and provided a 
general export license in such parts to 
countries other than Soviet bloc designa- 
tions and Southern Rhodesia.” 

The Government stockpile objective of 
500,000 pounds of equivalent ThOs was 
covered some seven times over by nearly 8 
million pounds of thorium nitrate held in 
the supplemental stockpile, which con- 
tained over 3.6 million pounds of ThOs. 
The surplus has been authorized for dis- 
posal by Congress, but no plans were 
announced in 1967. 


DOMESTIC PRODUCTION 


Mine Production.—Domestic monazite 
production in 1967 increased about 50 per- 
cent over that of 1966 which, in turn, was 
about three times that of 1965. Most came 
from operations of Humphreys Mining Co. 
on property of E. I. du Pont de Nemours 


& Co., Inc., at Folkston, Ga., and from the 


Skinner mine of National Lead Co., Jack- 
sonville, Fla. The monazite was a lesser 
coproduct, tonnagewise, of titanium and 
zirconium heavy minerals. A small quan- 
tity of monazite was recovered as a by- 
product of the Climax Molybdenum Co. 
operation at Climax, Colo. No thorium 
production was reported from Idaho or 
Montana. The Union Pacific Railroad Co. 
continued to investigate deposits of thorite 
on claims owned by Sawyer Petroleum Co. 
in the Lemhi Pass district of Beaverhead 
County, Mont.“ The thorite deposits in the 
Montana portion of the district were de- 
scribed in a report issued by the Montana 
Bureau of Mines and Geology, Butte, 
Mont. Quartz veins are said to contain 
significant quantities of thorium, rare- 
earth elements, and yttrium.‘ 


Refinery Production.—Thorium was re- 
covered as a byproduct of monazite proc- 


essed for its rare-earth elements. American 
Potash & Chemical Corp. and W. R. Grace 


& Co. were the only firms to report the 
reduction of monazite concentrates in 1967, 
and they supplied both crude and refined 
products to other processors: Thorium 
hardener, a master alloy of magnesium 
with about 40 percent thorium, was im- 
ported from England through Magnesium 
Elektron, Inc., New York. 


Table 1.—Principal processors of thorium 


Company Plant location 


1 Potash & Chemical 


COPD f˖˖§«»õ!A:!·⸗ ð d cess West Chicago, III. 
The Babcock & Wilcox Co... Lynchburg, Va. 
The Dow Chemical Co Midland, Mich. 
Gulf General Atomic, Inc.... San Diego, Calif. 
W. R. Grace & Co Chattanooga, Tenn. 
Kerr-McGee Cor ` ` Oklahoma City, Okla. 
Metal Hydrides, Ine Beverly, Mass. 
National Lead Co Albany, N.Y. 
Nuclear Fuel Services, Inc... Erwin, Tenn. 
Nuclear 5 & Equip- 

ment Cord Apollo, Pa. 
United N uclear Cor Hematite, Mo. 


1 Commodity specialist, Division of Mineral 
Studies. 

2 Atomic Energy Commission. Licensing of 
Source Material. 32 F. R. 15872, Nov. 18, 1967 

3 Marsh, James A. Union Pacific’s Raw Ma- 
terial Program. Min. Congress J., v. 53, No. 6, 
June 1967, pp. 20-24. 

4 Geach, Robert D. Thorium Deposits of the 
Lemhi Pass District, Beaverhead County, Mont. 
Montana Bureau of Mines and Geol., Special 
Pub. 41, November 1966, 22 pp. 
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CONSUMPTION AND USES 


Nonenergy Uses.—In 1967 apparent 
consumption of thorium in nonenergy uses 
continued the slightly rising trend which 
started with 1966 and aggregated about 120 
tons of equivalent ThOs. Processors’ stocks. 
however, continued to increase, according 
to reports received by the Bureau of Mines. 

Demand for thorium as thorium nitrate, 
in its principal use, the manufacture of 
Welsbach-type incandescent mantles for 
outdoor gas lights, continued to increase. 

Magnesium containing about 3 percent 
thorium was produced and fabricated by 
the following: 


American Light 

Alloys, Inc.. . Little Falls, N.]. 
Bendix Foundries . Teterboro, N. J. 
Brooks and 

Perkins, Inc... Detroit, Mich. 
Controlled Cast- 


ings Corp ..... Plainview, N.Y. 
The Dow 

Chemical Co .. Madison, Ill. 
Hills-McCanna 

G Carpentersville, III. 


R. C. Hitchcock 
and Sons, Inc 
Howard Foundry 
OO € Chicago, Ill. 

The Wellman 
Bronze & 
Aluminum Co . Bay City, Mich. 


. . Minneapolis, Minn. 


Small quantities of thorium were used 
in structural alloys for aerospace and mili- 
tary projects, which were of sufficient im- 
portance to assure that thorium remains 
on the list of strategic and critical mater- 
ials. From 1.8 to 3.25 percent thorium con- 
tributes higher creep resistance and 


strength properties to magnesium at ele- 
vated temperatures. Electronic uses con- 
sumed only small quantities of thorium as 
thorium oxide, but such uses are of g cat 
importance. From 0.8 to 1.2 percent ThO? 
compounded with tungsten makes l. mp 
filaments more ductile and lon» losung. 
Thoriated tungsten filaments al o have 
superior thermionic emission, a desirable 
property in electronic and X-ray tubes. 
Thoria was also u:ed in ref actories and a; 
a catalyst in the petroleum and chem cal 
industries; however, the latter is not a d:s- 
sipative use and once a plant is stocked 
with thoria little replacement is necessary. 
The use of thoria-dispersed nickel (TD 
Nickel), cobalt, and chromium alloys re- 
mained largely experimental. 


Energy Uses.—Thorium demand for 
nuclear-energy uses was very small and was 
supplied from a stockpile accumulated by 


. AEC mostly prior to 1962. The five types 


of nuclear reactors adaptable to the tho- 
rium fuel cycle are discussed under Tech- 
nology. The high-temperature gas-cooled 
reactor (HTGR) and the light-water 
breeder reactor (LWBR) are farthest 
along in development and both have a po- 
tential for higher conversion ratios and 
thermal efficiencies than the present light- 
water uranium-fueled reactors that are 
being built and planned. The complete 
development of thorium breeder reactors 
is expected to require another 20 years, 
although an unexpected development 
could change this. Thorium requirements 
for nuclear purposes over the next 15 years 
wil probably total no more than a few 
hundred tons and will at no time reach 
100 tons per year, according to an estimate 


made by AEC. 


PRICES 


Monazite prices quoted periodically in 
Metals Week remained unchanged from 
1966 at 8 cents per pound for sands con- 
taining 55 percent rare-earth oxides 
(REO) and up to 12 cents for 66 percent 
REO. The declared value of imports 
averaged $129.11 per short ton in 1967 
against $113.55 in 1966 and $93.11 in 
1965. The rising trend was probably caused 
by increased demand for certain rare-earth 
elements, such as europium and yttrium 


for use in television tubes. 

Thorium metal, pellets and powder, 
remained steady at $15 per pound, thorium 
nitrate was quoted at $3.50 per pound, and 
thorium oxide ranged from $6.00 to $12.30 
per pound, depending on quality. Mag- 
nesium-thorium hardener containing about 
40 percent thorium closed the year at 
$11.50 to $12.00 per pound for the con- 
tained thorium plus the value of the mag- 
nesium (35.25 cents per pound). Thus 40 


THORIUM 


percent thorium hardener cost about $4.82 
per pound. The price of hardener showed 
a rising trend as the 1966 quotations 


FOREIGN 


No exports of thorium ores and concen- 
trates were reported in 1967 and 1966 ex- 
ports contained only 54 pounds of thorium 
valued at $2,750, most of which went to 
Italy. 

Monazite was the only ore of thorium 
imported in 1967. 
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ranged from $9.18 to $10 per pound of 
contained thorium. 


TRADE 


Only 50 pounds of metal valued at $786 
was imported in 1967, compared with 75 
pounds valued at $1,000 in 1966. Other 
imports included 1,381 pounds of thorium 
oxide from France valued at 36, 833 
and 131 pounds of other thorium com- 
pounds from West Germany valued at 


$14,410. 


Table 2.—U.S. imports for consumption of monazite by country 
(Short tons and thousand dollars) 


1963 1964 1965 1966 1967 
Üĩ˙%b66 ³ ³ dd EE, eae 1,450 1,278 1,542 1,540 
Brazil... lv ð—-ß ͥ (r- eig 64. : ——— x9; 
CCI o nein sen uses EE 335 Way easy EL 
Germany; f ᷑ •a ;. ee Gd. y . iets 24 
Ie. r „ 72 
Korea, Su éi eet E enu --. --- 22 49 
Malaysia. ²“²ꝗ⁵ ⁵˙²1ùuV xxx cee es ee 855 320 447 785 273 
III ͥ ³ſ/ſſſſ ⁰ 8 CS 133 
South Africa, Republic ok 4,791 iu. UE 115. x2 
Unidentified eountr. 22222222 2L LLL LLL 22 ll 2l2- S/ o ek ë douwdd 
Total: ttt ul ul aa 6,434 2,105 2,028 2,442 2,091 
Malus eri cat e E 3771 $186 $189 $277 $270 
ThO: content nk 385 130 120 145 125 
e Estimate. 
WORLD REVIEW 


World production of monazite is de- 
tailed in the “Rare-Earth Minerals and 
Metals” chapter in this volume. 


Brazil.—Comissáo Nacional de Energia 
Nuclear (CNEN) continued to operate its 
two beach-sand processing plants at Barra 
de Itabapoana and Cumuruxatiba. All 
nuclear materials are under strict control 


of CNEN and none can be exported. The 
law regarding export was eased somewhat 


in 1967 by exempting miners from return- 
ing equivalent quantities of nuclear mater- 
ial contained as minor associated minerals 
in ores if its separation was not technically 
or economically feasible. 


Canada.—Rio Tinto Nuclear Products 
Ltd. (RTNP), (formerly Rio Tinto Dow 
Ltd.) became a wholly owned subsidiary 
of Rio Algom Mines Ltd. (RA) in 1966 
and was the sole producer of thorium in 
Canada in 1967. Thorium and yttrium con- 


centrates were recovered from waste leach 
solutions from its Nordic mill at Elliot 
Lake, Ontario. Essentially all thorium con- 
centrate production was shipped to Tho- 
rium Ltd. in the United Kingdom for re- 
fining and processing. Both RA and Tho- 
rium Ltd. are subsidiaries of the large in- 
ternational firm, The Rio Tinto-Zinc 
Corp., Ltd., of London. Thorium Ltd. 
claimed to have a process for producing a 
superior grade of magnesium-thorium 
hardener, and it was a dominant producer 
of this master alloy. 


Malagasy Republic.—The French Atom- 
ic Energy Commission has mined mona- 
zite and uranothorianite from Madagascar 
deposits for many years through its own 
operations and that of afhliated and co- 
operative companies. Monazite mining 
became uneconomic in 1966, largely be- 
cause of increasing Australian production 
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and none was mined in 1967. Uranothor- 
lanite mining was continued, but the de- 
posits were being depleted rapidly. 


Spain.—A thorium discovery of major 
proportions in Cordoba Province was re- 
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ported by the Spanish privately owned 
mining company, Cia. Minera S.A. The 
thorium is mixed with uranium, and the 
discovery may be the largest thorium de- 
posit in Europe. 


TECHNOLOGY 


The geologic and geographic distribu- 
tion of monazite in Africa, Asia (except 
U.S.S.R.), Australia, Antarctica, North 
America, and South America was reviewed. 
On the basis of 731 analyses, monazite con- 
tains from O to 31.50 percent ThOz and 
averages 6 percent. The report presents 
chemical analyses, resource data, and pro- 
duction figures, where available and dis- 
cusses how the thorium content of the 
monazite varies according to geologic 
origin. For each of the areas discussed, the 
date of the local discovery of monazite is 
given and all reports between the discovery 
date and 1958 (in some cases 1963) are 
cited and abstracted. A widely used glos- 
sary, which is part of a continuing survey 
of data on uranium and thorium minerals, 
was updated and republished. This survey 
consists of collecting authoritative chem- 
ical, optical, and X-ray diffraction data 
from the literature and adding further 
laboratory research where necessary.“ 

Thorium has great potential as a source 
of nuclear fuel, because it is a fertile 
element | transmutable into  fissionable 
uranium-233 when exposed to irradiation 
by neutrons in a reactor. It is possible to 
design a reactor which can produce energy 
and simultaneously change fertile material 
into fissionable fuel. Such reactors are 
known as breeder reactors when they pro- 
duce more new fissionable fuel than they 
consume. Some breeder and converter 
reactors using thorium are technically 
feasible, but much development work must 
be accomplished before they can be com- 
petitive with present uranium reactors. 
The most promising designs are being 
developed by both AEC and by private 
industry groups.“ 


The Oak Ridge National Laboratory, 
headquarters for AEC work on thorium, 
analyzed five thorium-cycle converter re- 
actor systems that have been proposed: (1) 
The high-temperature gas-cooled reactor 
(HTGR) as conceived by Gulf General 
Atomic, Inc. (formerly General Atomic Di- 
vision of General Dynamics) ; (2) the mol- 


ten-salt converter reactor experiment 
(MSRE), a prototype of which is in opera- 
tion at Oak Ridge; (3) the seed blanket or 
l‘tht-water breeder reactor (LWBR), built 
by AEC’s Bettis Atomic Power Laboratory 
at Shippingport, Pa.; (4) the spectral shift 
control reactor (SSCR) designed by The 
Babcock & Wilcox Co.; and (5) the heavy- 
water reactor (HWR) based on Du Pont’s 
design. The HTGR is the farthest ad- 
vanced and is represented by a prototype 
at Peach Bottom, Pa. This 40-megawatt 
plant started producing power in January 
1967. For the first time, a nuclear reactor 
produced steam at temperature and pres- 
sure levels comparable to a modern coal- 
fired system. The reactor achieved a steam 
temperature of 1,000° F and a steam pres- 
sure of 1,450 pounds per square inch. This 
is nearly double the temperatures and 
pressures at which present commercial 
reactors operate and enables the reactor 
to use the most advanced and economical 
turbine generators.? 

The Peach Bottom plant operated well 
throughout the year and attained a test 
objective of 1,000 operating hours at full 
power. Operational experience from this 
reactor will provide design data for the 
330-megawatt Fort St. Vrain nuclear gen- 
erating station planned at  Platteville, 
Colo., by Public Service Company of Col- 
orado for operation in 1972. Public Service 
Company of Colorado is one of 53 utilities 
comprising High Temperature Reactor 
Development Associates, Inc., which has 
participated in the Peach Bottom project. 
The Peach Bottom fuel core contained 
4,400 pounds of thorium and 380 pounds 


S Overstreet, W. C. The Geologic Occurrence 
of Monazite. Geol. Survey Prof. Paper 530, 1967, 
327 pp. 

6 Frondel, Judith W., Michael Fleischer, and 
Robert S. Jones. Glossary of Uranium- and 
Thorium-Bearing Minerals. Geol. Survey Bu.l. 
1250, 1967, 4th ed., 69 pp. | 

7 Atomic Energy Commission. Annual Report 
to Congress of the Atomic Energy Commission 
for 1967. Ch. 5, Reactor Development and Tech- 
nology, pp. 71-110. 

8 Chemical & Engineering News. Atomic Pow- 
er’s Future May Hinge on Breeders. V. 45, No. 
24, June 5, 1967, pp. 54-57. 
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of enriched uranium. The Fort St. Vrain 
reactor will likely require about 33,000 
pounds of thorium and 1,650 pounds of 
enriched uranium. Success of this type of 
reactor could lead to a large demand for 
thorium.? 

Research on further development of the 
use of thoria in various alloys continued 
vigorously, most of it under the sponsor- 
ship of the Department of Defense. 
Sherritt Gordon Mines Ltd., which pro- 
duces a thoria-strengthened alloy under 
the trade name DS Nickel, sought to in- 
crease the strength of this material, while 
E. I. du Pont de Nemours & Co., Inc., was 
developing a manufacturing process for 
tubing and bar from their alloy, TD 
Nickel, and were also developing protective 
coatings for it. Although several dispersoids 
have been used in nickel, the most effective 
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is thoria, which forms an alloy superior to 
most superalloys and which is competitive 
with molybdeneum-base alloys up to 2,500? 
F. Because of their greater stability at 
elevated temperature, the thoria alloys are 
favorable for applications requiring ex- 
tended periods of loading. Comparisons of 
strength and tensile properties for TD 
Nickel are so good that other thoria 
dispersion-strengthened alloys are being 
developed using matrices of iron, cobalt, 
zinc, lead, titanium, zirconium, steel, and 
others.!? 


3 Habush, A. L., and A. M. Harris. 330-Mw(e) 
Fort Saint Vrain High-Temperature Gas-Cooled 
Reactor. Gulf General Atomic, Inc., San Diego, 
Calif., GA-8002, June 9, 1967, 18 pp. 

10 Wolf, S. M. Properties and Applications of 
D:spersion-Strengthened Metals. J. Metals, v. 19, 
No. 5, June 1967, pp. 22-28. 
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Tin 


By John G. Parker’ 


U.S. consumption of primary and sec- 
ondary tin was 6 percent lower than in 
1966. 

Increased output in Bolivia, Indonesia, 
and Malaysia, the largest producer, re- 
duced the world deficit between produc- 
tion and consumption to the lowest level 
since the mid-1950’s. Exploration for tin 
continued in Australia, Indonesia, and the 
United Kingdom. 

Tin prices declined ccnsiderably to 
their lowest point since 1963. General 
Services Administration (GSA) tried to 


act as a steadying influence by maintain- 
ing surplus stock sale prices virtually the 
same throughout the year. Meanwhile the 
International Tin Council (ITC) acquired 
tin for the buffer stock in an attempt to 
halt the price drop. The buffer stock at 
yearend was the highest since March 31, 
1961. Four meetings of the ITC, three in 
London and one in Tokyo, were held 
during the year; the third London meet- 
ing established a new provisional price 
range owing to devaluation of the pound 
sterling. 


Table 1.—Salient tin statistics 
(Long tons) 


1963 1964 1965 1966 1967 
United States: 
Production: 
LEE W 65 47 97 W 
Smelter- eee w w 3,098 3,825 3,048 
Secondary- .----------------------- 22,332 23,508 25,076 25,949 22,667 
Exports (exports and reex ports) 1,625 4,041 2,829 2,847 2,479 
Imports for consumption: 
Me!... 8 43,283 32,132 40, 816 41,699 50,223 
Ore (tin contentdſmvdd 1,650 5,190 4,326 4,372 9,255 
Consumption: 
Primary ooo ocn m eee 55,209 58,586 58 , 550 60,209 57, 856 
Secondary 23,094 24,304 25,461 25,277 22 , 790 
Price: Straits tin, in New York, average 
cents per pound.. 116.64 157.72 178.17 164.02 158.405 
World: 
Production: 
MNG@s565 Tuy ee 191,051 193,729 201,413 208 , 577 211,664 
Smelter.. c. nn x; 193,202 191,479 197 , 766 202 , 537 221,612 


W Withheld to avoid disclosing individual company confidential data. 


Legislation and Government Programs.— 


GSA continued disposing of excess pig tin 
.from the national stockpile. In 1966 the 
objectives of the stockpile program had 
been changed to 200,000 long tons in the 
national stockpile and 26,200 long tons in 
the nuclear stockpile. Tin disposals in 
1967 by GSA of all grades of tin totaled 
6,140 long tons. Since the present program 
was authorized in June. 1962, disposals of 
all grades of tin have totaled 87,378 long 


tons, of which over 81,000 tons went to 
commercial users and the rest to the 
Agency for International Development 
(AID) programs and governmental agen- 
cies. At the end of 1967 an excess of 
60,636 long tons of tin was left for dis- 
posal by GSA. 

At the end of June 1967, after consulta- 
tions with ITC and various governmental 


1 Commodity specialist, Division of Mineral 
Studies. 
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agencies, GSA announced that disposals of 
tin would be continued until further 
notice under the terms and conditions set 
forth in the solicitation of offers, DMS- 
MET-92 (Revised), dated July 28, 1966. 
The Department of State, on October 28, 
1966, had announced that the United 
States would, in principle, moderate its tin 
sales program if it should be inconsistent 
with the contingent operations authorized 
under the International Tin Agreement 
(ITA). 

During 1967, under the Export Control 
Act of 1949, a general license was required 
to ship tin and manufactured items such 
as tinplate to any destination in the free 
world, except for Canada. An individual 
export license was needed to ship to em- 
bargoed areas such as mainland China, 
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Cuba, North Korea, North Viet-Nam, the 
Pacific region of the U.S.S.R., and South- 
ern Rhodesia. Exports of detinned tin- 
plate and terneplate scrap and detinned 
cans required licensing, but exports of 
terneplate and tinplate scrap and old tin 
cans were exempt from licensing. 

The Office of Foreign Assets Control, 
Treasury Department, administered regula- 
tions prohibiting the unlicensed importa- 
tion from any country of tin of Communist 
Chinese, North Korean, North  Viet- 
Namese, or Cuban origin. In addition, to 
prevent the importation of Chinese tin 
misdescribed as to origin, unlicensed im- 
portation was prohibited if the tin had 
been located in or transported from or 
through Hong Kong, Macao, Eastern 
Europe, or the U.S.S.R. 


DOMESTIC PRODUCTION 


MINE PRODUCTION 


Mine production of tin in the United 
States continued to be an insignificant mar- 
ket factor. Small quantities of tin concen- 
trate were produced in Alaska and Califor- 
nia and in Colorado as a byproduct of 
molybdenum mining. 


SMELTER PRODUCTION 


The quantity of tin smelted in the 
United States at the Texas City smelter, 
which Teledyne, Inc., acquired by absorb- 
ing Wah Chang Corp. in June, decreased 
to 3,048 long tons in 1967. This was 80 
percent of that smelted in 1966 and about 
5 percent of the U.S. requirements for pri- 
mary tin in 1967. Practically all of the 


SECONDARY TIN 


Much secondary tin is recovered in the 
form of chemicals and tin alloys, bronze, 
white metals, solder, and in other mate- 
rials, rather than as tin metal. 

Few countries other than the United 
States keep secondary tin statistics, and no 
others have gathered data over a period of 
years. 

Secondary tin in 1967 was recovered 
from copper-base scrap at secondary smelt- 
ers, brass mills, foundries, and some other 


plants; and from lead-base and tin-base 


scrap at smelters, refiners, and a few mis- 
cellaneous sources. Tinplate scrap is an 
important source of secondary tin and is 


domestically smelted tin concentrates came treated at detinning plants by special 
from Bolivia. processes. 
Table 2.—Secondary tin recovered from scrap processed at detinning 
plants in the United States 
1966 1967 

Tinplate scrap treated le long tons.. 783 , 433 773, 605 
Tin recovered in the form of— 

Metak EE EE do 2,614 2, 667 

Compounds (tin eontent). 2222 2L LLL LL Llll2 c2 css scc 222 do.... 680 486 

de 11. usce ³¹¹A E 5 EE do- 3,294 3,153 

Weight of tin compounds produced EE do 1. 288 940 
Average quantity of tin recovered per long ton of tinplate scrap used. pounds. ° 9.42 9.13 
Average delivered cost of tinplate scrap--------------------- per long ton $28.75 $24.18 


1 Tinplate clippings and old tin-coated containers have been combined to avoid disclosing individual com- 


pany confidential data. 


2 Recovery from tinplate scrap treated only. In addition, detinners recovered 298 long tons (169 tons in 1966) 
of tin as metal and in compounds from tin-base scrap and residues in 1967. 
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Table 3.—Tin recovered from scrap 
processed in the United States, by 
form of recovery 


(Long tons) 


Form of recovery 1966 1967 
Tin metal: 
At detinning plants 2,939 2,939 
At other plants 299 237 
TOtal soot A ech 3,238 3,176 
Bronze and brass: 
From copper-base scrap.. 11,836 10,952 
From lead- and tin-base 
Serap. zz 461 316 
Total... 222224220252 12,297 11,268 
Solde -2-2-2-2 5,777 4,775 
p. metal___ 1,714 1,604 
BAP AAC 1,121 912 
Antimonial leade 318 386 
Chemical compounds......... 826 506 
Miscellaneous 1j 58 40 
Total othe sess 9,814 8,223 
Grand total. 25,349 22,667 


Value (thousands). $93,134 $77,893 


1 Includes foil, cable lead, and terne metal. 


CONSUMPTION 


Table 4.—Shipments of metal cans 
(Thousand base boxes) 


Domestic consumption in 1967 was 80,- 
646 long tons of primary and secondary 
tin, a drop of nearly 6 percent from 1966. 


Most of the decrease was in secondary tin, Product 1966 r 1967 SC 
which totaled 22,790 tons in 1967 com- 
pared with 25,277 tons in 1966. Over half Beer... 25.965 27,537 +6.1 
of this decrease was in solder, and an- Vegetables and vege- 

h l d 1 d table juices .. 20,164 21,972 +9.0 
other P See We in 0 an kruit and prar juices. 15:922 n nos 
brass, large ecause of company closures oft drinks... 11,253 14,580 +29. 
d : š y | ik T y Pet foods 5,479 5,796 +5.8 
lue to the copper strike. [he consump- Coffe·e 4,2900 4,168 —3.0 
tion of primary tin in tinplate, the princi- Meat and poultry... 3,803 3,801 ...... 

| š Evaporated and con- 
pal use, rose over 3 percent. Of total tin densed mik 7. 3.789 3,386 —12.0 
consumption, about 37 percent was in Fish and seafood... 15 eos E SCH : 
tinplate, 25 percent in solder, and 20 per- All other foods... 15.272 14,810  —3.0 
cent in bronze and brass. Shipments of EES 030 70090 345 
steel cans rose from 123.5 to 126.2 mil- 8 i n ; 
lon base boxes in 1967; most of the paisa: 


steel cans had a coating of tin. 


Source: U.S. Department of Commerce. 
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Table 5.—Stocks, receipts and consumption of new and old scrap and tin recovered in 
the United States in 1967 


(Long tons) 


Gross weight of scrap 

Type of scrap and Stocks Receipts Consumption Stocks Tin recovered 
class of consumer Jan.. | —————————— Dei ege 
New Old Total New Old Total 


— ———— EY samanan ED GI d 


Copper-base scrap: 
Secondary smelters: 
Auto radiators (un- 


sweated).________-_ 3,061 48,230 ..... 48,412 48,412 2,879 .... 2,082 2,082 
Brass, composition 

or red. 3,932 78,410 16,016 61,547 77,563 4,779 605 2,289 2,894 
Brass, low (silicon 

bronze) 247 3,943 2,880 832 3,712 478 4 4 
Brass, yellow. ...... 6,665 57,579 8,068 49,724 57,792 6.452 29 469 498 
Bronze. 2,012 30,862 5,157 24,679 29,836 3,038 404 1,966 2,370 
Low-grade scrap and 

residues .... 5,570 48,799 35,369 7,917 43,286 6,083 18 18 
Nickel silver 797 4,979 549 4,864 4,913 863 4 30 34 
Railroad-car boxes 142 822 778 778 188 38 38 


Brass mills: ! 
Brass, low (silicon 


bronze)... 2,666 28,114 28,114 ..... 28,114 5,239 ; EA 1 
Brass, yellow. ...... r 16,877 191,714 191,714 191,714 24,119 194 DS 194 
Bronze 706 3,457 3,457 3,457 929 168 "E 168 
Mixed alloy scrap... 10,504 5777 5,TTIT iuc 5,777 6,321 52 Lë 52 
Nickel silver 6,706 19,959 19,959 19,959 8,498 ... „ 

Totall. 137,459 249,021 249,021 249, o2 45,106 4155 415 

Foundries. and other 
plants: 2 
Auto radiators (un- 

sweated)... ..... 2,960 6,2888 7,295 7,295 1,3553 328 328 

Brass, composition or 
VVV 704 4,270 1.024 3,379 4,403 571 49 160 209 
Briss. low (silicon 

bronze).......... 113 724 155 571 126 111 ..... 1 1 
Brass, yellow_______ 1,127 5,143 2,399 2,982 5,381 889 2 27 29 
Bronze 384 1,893 877 958 1,835 442 80 76 156 
Low-grade scrap and 

residues 3, 343 7,829 3,462 5,222 8,684 2,488. eng 
Nickel silver W ·ĩ· .^- 419. ` 19 . — 4. 2 Ghee, hee’ 
Railroad-car boxes 943 23,015 ...... 22,321 22,321 1,637 1,060 1,060 

Total 8,978 49,281 7,917 42,847 50, 764 7,495 131 1,652 1,783 


Total tin from 
copper-base 


— ——ñ—E— EE ES ES SE RE eS SES i ED Qe eee EE —— — — — WC —— ———ä— ͤ ——— — — — 


Lead base scrap: 
Smelters, refiners, and 


others: 
Babbitt ` 311 11,6911 11,630 11, 630 3722 — 565 565 
Battery lead plates 24,641 406,093 ...... 405,036 405,036 25,698 425 425 
Drosses and residues. 15,133 92,938 90,296 ...... 90,296 17,775 1,884 ..... 1,884 
Solder and tinny 
lead 278 11,402 ...... 11,430 11,430 250 ..... 1,975 1,975 
Type metals 2,546 31,829 . .... 31,159 31,159 3,216 ..... 1,480 1,480 
Total... ......... 42,909 553,953 90,296 459,255 549,551 47,311 1,884 4,445 6,329 


— vg — — ERS ES  — — —  — CT SES — — [ns ES n n — — ,—  — — —————— w 


Tin-base scrap: 
Smelters, refiners, and 


others: 
Babbitt............ 31 333 333 333 1 16 279 295 
Block-tin pipe 9 191 196 196 193 193 
Drosses and residues. 746 4,179 4,060 ...... 4,060 865 2. „255 -... 2,255 
Pewte r 4 1 15 15 Ius 13 13 
CN BEE 790 4,715 4,060 544 4,604 901 2,271 485 2,756 

Tinplate scrap: Detinning 
DIAN eect roo ute katun. eee. aber 773,605 _ 773,605  ..... 3,446 ____. 3,446 
Grand total.. — ae — —ĩ 9. 207 18,460 22,667 
r Revised. 


1 Lines in brass mills and total sections do not balance as stocks include home scrap— purchased scrap as- 
sumed to equal receipts. 
2 Omits machine shop scrap.” 
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Table 6.—Consumption of primary and secondary tin in the United States 


(Long tons) 
1963 1964 1965 1966 1967 

Stocks Jan. 11... 30,876 29,548 32,591 37,277 32,718 

Net receipts during year: i 
Pumar- ee . ee eens se 54,411 62,939 64,302 56,869 56,315 
S L L usu Sate AA 8 ga 2,524 2,530 2,713 2,884 
SU usa a e . I qe Lir uA yee 22,041 22,985 24,676 728,654 21,492 
7/ô·Ü˙C ie ecd re OC ee EE 78,742 88,448 91,508 83.236 80,691 
Available. 109,618 117,996 124,099 ' 120,513 113, 409 
Stocks Dec. 31i1I1!11f.mm eee 29,548 32,591 37,277 32,718 30,078 
Total processed during year... -22-2-2222 80,070 85,405  À 86,822 87,795 88,331 
Intercompany transactions in scrap_________..-_____-_.. 1,767 2,515 2,811 2,309 2,685 
Tin consumed in manufactured produe ts 78,303 82,890 84,011 85,486 80, 646 
r eh eco ere eet SS ukasa 55,209 58,586 58,550 60,209 57,856 
Secondary. ...... LLL LLL LLL LL — 23,094 24,304 25,461 25,277 22,790 

r Revised. 


! Stocks shown exclude tin in transit or in other warehouses on Jan. 1, as follows: 1963, 115 tons; 1964, 175 
tons; 1965, 220 tons; 1966, 135 tons; 1967, 90 tons, and 1968, 20 tons. 


Tabe 7.—Tin content of tinplate produced in the United States 


Tinplate (hot dipped) Tinplate (electrolytic) Tinplate Total tinplate (all forms) 
—— 'Ü ẽ—Bü . ?—ü —— Wa ste- — — — 
Gross Tin Tin per Gross Tin Tin per waste, Gro :s Tin Tin per 
weight content short weight content short strips, weight content short 
Year (short (long ton of (short (long ton of cobbles, (short (long ton of 
tons) tons) plate tons) tons) plate etc., gross tons) tons)! plate 
(pounds) (pounds) weight (pounds) 
(short 
tons) 
1963..... 174,618 2,188 28.1 4,671,358 26,163 12.6 515,042 5,361,018 28,351 11.9 
1964..... 138,178 ,947 21.8 5,204,541 29,872 12.9 637,481 5,980,200 31,219 11.7 
19655. 80, 645 914 25.4 5, 245, 642 29, 150 12. 5 599,400 5,925,687 30, 064 11.4 
1966. 44, 290 366 18.5 75,154,550 28,218 12.3 675,558 15,874,398 28,584 11.0 
1967 23,812 230 21.6 5,544,987 29,330 11.9 742,989 6,311,788 29,560 10.5 
r Revised. 
1 Includes small tonnage of secondary tin and tin acquired in chemicals. 
Table 8.—Consumers receipts of primary tin, by brands 
(Long tons) 
Year Banka English Katanga Straits Thaisarco Others! Total 
1063 3,393 2,708 1,027 36,4128 10, 870 54,411 
1964. 1. 271 1,441 1,839 38 , 972 MEOS 19,416 62,939 
1965____._.. . . . 3,112 425 850 38,434 1,950 19,531 64,302 
1966: z; z c 709 433 95 30.560 9,815 15,257 56,869 
ENEE 404 704 91 31,980 13, 400 9,736 56,315 


Includes GSA not reported under specific brands. 
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Table 9.—-Consumption of tin in the United States, by finished products 


(Long tons of contained tin) 


1966 1967 
Product 

Primary Secondary Total Primary Secondary Total 
Alloys (miscellaneous) 405 179 584 310 142 452 
BBl 86 2,145 1,625 3,770 1,662 1,159 2,821 
Bar tin and tin poewder 2,035 141 2,176 1,778 0 1,818 
Bronze and brass ------------- 65, 339 12, 575 17,914 4,350 12,110 16, 460 
Chemicals including tin oxide 1,213 1,617 2,830 937 1,837 2,774 
ee Se noe and foil... 1,215 66 1.281 1. 071 38 1. 109 
ge and Gubung 42 14 56 14 67 
%% DP 15,245 7,497 22, 742 14, 052 6,070 20,122 
es met ee ete 35 188 545 2 179 443 
INNING u. J l. L ar le Du 2,589 67 2,656 2.551 58 2, 609 
Tinplate!l EE 28,584 J ....... 28,584 29,560 . ....... 29,560 
Type motal.. 2 ee Su u 2 Quy 93 1,205 1,298 100 1,019 1,119 
ite metal 24 878 51 929 1,094 70 1,164 
OCI a iA ue EAM ies 69 52 121 74 54 128 
/// as eee LE 60,209 25,277 85, 486 57,856 22,790 80,646 


1 Includes secondary pig tin and tin acquired in chemicals. 
3 Includes britannia metal, jewelers’ metal, and pewter. 


STOCKS 


Total U.S. industry tin stocks at the end 
of 1967 were 4 percent under those of 
1966 and 12 percent less than those of 
1965. The differences lay mostly in the 


stocks of primary pig tin held by tinplate 
makers. Tin afloat at yearend was 43 per- 
cent greater than tin afloat at the end of 


1966. 


Table 10.—U.S. industry tin stocks 


(Long tons) 
1963 1964 1965 1966 1967 
Plant raw materials: 
tin: 
NEEN ee ue 17,834 20,926 25,319 20,531 17,044 
el EE 220 247 202 276 283 
In process1______ 8 11,494 11,418 11,756 711,911 12,751 
/A ͥ ⁰˙m AA DAE LA AE 29, 548 32, 591 37,277 1 382,718 30, 078 
Additional pig tin: m i ` 
In transit in United States 175 220 135 90 20 
Jobbers-impor ters 211,135 32,950 42,000 5 1,790 6 1,315 
Afloat to United States 5,060 1,740 1,875 3,415 4,890 
Totals nup ³ AAA AA 8 16, 370 4,910 4,010 5,295 6,225 
Grand total... 45,918 37,501 41,287 38,013 36,3038 


t Revised. 
1 Tin content, including scrap. 


2 Includes GSA as follows: 10,780 tons end of December (bids rejected plus tonnage 


March 27, 1964). 


to be offered through 


s Includes GSA as follows: 
4Includes GSA as follows: 
s Includes GSA as follows: 
6 Includes GSA as follows: 


1,590 tons end of December 1964, sold but not delivered. 


975 tons end of December 1965, sold but not delivered. 
1,539 tons end of December 1966, sold but not delivered. 
428 tons end of December 1967, sold but not delivered. 
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PRICES 


In general, monthly prompt prices of 
Straits tin for delivery in New York de- 
clined in 1967 except for a resurgence at 
midyear and another relatively large rise 
in November. The average of 153.405 cents 
per pound for the year contrasted sharply 
with the average of 164.021 cents per 
pound for 1966. Other average prices fol- 
low: London spot settlement (standard tin 


of 99.78 percent purity), £1,223 8s. 5d. 


per long ton (about US$1.50 per pound) ; 
and Penang ex-smelter, £1,199 5s. 2d. per 
long to: (about US$1.47 per pound). 
GSA prices for grade A tin, which aver- 
aged 154.250 cents per pound for the first 
half of the year, decreased in July and 
remained at 154.000 cents for the last 
half. GSA tin sales of all grades, including 
low-grade material, brought an average 
price of 123.357 cents per pound. 


Table 11.—Monthly prices of Straits tin for prompt delivery in New York 


(Cents per pound) 


1966 1967 
Month 

High Low Average High Low Average 

ET EE 183.000 176.625 178.750 154.125 153.125 153.881 
Februar 180. 500 174. 500 178. 105 155. 000 153. 875 154.382 
NR aca Leere 175.750 171.000 173.984 154.250 153.000 153.710 
April c £o erri Ute 1 179.750 171.500 174.238 154.250 152.750 153.331 
EE ele sas 173.000 162.500 169.280 154.500 152.250 153.114 
Iii. 8 162. 625 158.750 160.767 157.000 152.750 154.943 
JUI rn ee Ee Adi aud 161.750 158.250 159.869 155.000 153.375 154.394 
Ng 88 158.750 153. 500 156.418 153. 375 151.875 152. 500 
September 155. 500 153. 500 154. 125 151.875 150. 750 151.013 
October- - nn 155.250 154.000 154.506 153.500 150.625 151.994 
November 154.875 153.750 154.224 156.000 154.000 155.013 
December. ..............-....- 154.750 158.500 153.989 154.000 151.250 152.588 
T Otel ⁰˙ AA 183.000 153.500 164.021 157.000 150.625 153. 405 


Source: American Metal Market. 


FOREIGN TRADE 


Imports of metallic tin and tin concen- 
trates were the most important items in 
the U.S. foreign trade in the commodity. 
Those of the former were the highest 
since 1957 and those of the latter were the 
lowest since 1963. Significant quantities of 
tin ingot, compounds, and miscellaneous 


tin manufactures were exported. Tin con- 
tained in imports and exports of babbitt, 
solder, type metal, and bronze is shown in 
the "Lead" and “Copper” chapters of the 
Minerals Yearbook. Ferrous scrap exports 
including tinplate and terneplate scrap are 
not classified separately. 


Table 12.—U.S. exports of tin; imports for consumption and exports of tinplate and 
terneplate in various forms 


Tinplate 
Ingots, pigs, and bars Tinplate and circles, | Tinplate 
terneplate strips, and scrap 
cobbles 
y Exports Reexports Imports Exports Exports Imports 
ear ——— 1—j 
Long Value Long Value Long Long Long Long 
tons (thousands) tons (t hou- tons tons tons tons 
sands) 
1905 222222222 2,605 $10,078 224 $880 108,876 239,034 12,362 16,954 
196666. 1,866 6,985 981 3,849 111,678 257,140 11,031 14,687 
1967... 88 2,050 6,962 429 1,412 139,598 241,873 13,732 12,078 
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Table 13.—U.S. imports for consumption and exports of miscellaneous tin, 
tin manufactures, and tin compounds 


Miscellaneous tin manufactures Tin 
compounds 


Tinfoil, Dross, skimmings, Tin scrap and 
tin powder, scrap, residues, other tin-bearing 
Year flitters, and tin alloys material except 
metallics, tin, n.s.p.f. tinplate scrap 
and — —— ——— 
manufactures Long Value Value Long 
n.s.p.f., value tons (thousands) (thousands) tons 
(thousands) 
KEEN $261 502 $883 $1,220 163 
1966 21 cruel Ment lu dtum cts 251 108 124 1,957 295 
J 888 355 449 462 1. 490 81 


1966 1967 
Country — T=— 
Long Value Long Value 
tons (thousands) tons (thousands) 

Belgium- Luxembourg 163 8619 228 $777 
EE L anecdote le 88 EEN 118 427 571 1,961 
(anadB- EE 4 31 1 41 
CHILI, EEN 73 238 
Germany, West- so: in a puspa 8 (2) 1 80 263 
WG) 8 SE EE EE SEH 10 33 
Indonesia EE 4 12 129 420 
CT | aya SSS ie I SNI M Cs D E Nr ree) OIRO y 50 166 EE sas 
ET EE 26,008 95,329 30,691 101,802 
EE E AE TEE 50 191 25 83 
DORN Ee Sas y EE Mr tee a 770 2. 874 HECKER? 
e EE EE EE 7 3 159 529 
Portugal............ CCC 3 15 59 275 920 
i O clu oue RE y ĩðVſͥͥGdBV—̃—“m y 55 207 62 217 
JJ ùù ³˙ öA—dffdfſß½ſ.d́.ͥ ͤ Bee tit p EE 13,416 49,030 16,586 54,786 
United Kingdom | 1,039 3,792 1,333 4,459 
OUR nse e ue rh gaa tat, ea hu Da 41,699 152,761 50,223 166.529 


1 Bars, blocks, pigs, grain, or granulated. 
? Less than 14 unit. 


Table 15.—U.S. imports for consumption of tin concentrate, by countries 


1966 1967 

Country — — MMMM 
Long tons value Long tons Value 
(tin (thousands) (tin (thou- 
content) content) sands) 
GðÜ. im. D eh 4.347 $12,423 3.247 87. 608 
Mexica- 2: ß p Ee S S a 13 F TEM 
SEENEN 12 36 7 24 
United Kingdom... ... . Se a EE EE eee eo CS 1 3 
Ke EE 4,372 12,467 3,255 7,635 


! Reported by the Bureau of the Census as coming from Peru, but believed by the Bureau of Mines to be 
from Bolivia. 


TIN 1127 
WORLD REVIEW 
INTERNATIONAL TIN AGREEMENT Consuming countries: UM 
otes 
Meetings of the ITC under the Third Australia. u eiie Ren 55 
International Tin Agreement (ITA), Austria. 12 
which was accepted provisionally on July . Berri : 
1, 1966, and ratified on March 21, 1967, Coschosiovakia O 38 
were held in London on January 10-11, Denmark 11 
1967, Tokyo on May 29 to June 2, and FVV 124 
again in London on October 31 to Novem- India... eiii 48 
ber 2 and on November 21-22. At the Israel ......... see es 6 
Tokyo meeting, votes of the members were (ci c ⁵ ⁵ ⁵⁵ oa a 71 
reallocated and a new Committee on Japan... n. SC 
Development was created to investigate SE South............. 19 
factors affecting investment and produc- Netherlands. 42 
tion. Production technology, consumption Spain 25 
(including new uses and substitutes), aker 14 
trade in tin (including tariffs and shipping United Kingdom.......... 220 
procedures), and the position of tin as a SE 
whole were reviewed, including releases of Total votres 1,000 
surplus stockpiled tin by GSA. At the sec- 
ond London meeting during the year, the : I 
approval of plans to publish a study of Producing countries: 
factors affecting tin consumption was dis- Bolivia 175 
I , : Congo (Kinshasa)......... 51 
cussed; at the third London meeting a new Ind ; 101 
Ge I : ndonesia................. 
provisional price range was fixed which Malaysia. 450 
would have to be reviewed within 90 days. Nigeria.... 72 
The Third ITA is supported by 17 con- Thailand................. 151 
suming nations which account for about 50 3 
percent of all tin consumed in the non- Total votes 1,000 


Communist countries, and by six nations 
which produce roughly 93 percent of the 
free world's tin concentrates. The United 
States, West Germany, and the U.S.S.R., 
all large tin consumers, are not members. In 
the ITC 1,000 votes are held by producers 
and 1,000 by consumers, distributed among 
the members in proportion to their pro- 
duction or consumption. At the Tokyo 
meeting the votes for consumers and pro- 
ducers were reallocated as shown above: 

Decisions of. the Council, except where 
otherwise provided, are taken by a simple, 
distributed majority of separately counted 
producer-consumer votes. Excessive price 
fluctuations are theoretically to be pre- 
vented through the purchase or sale of tin 
buffer stocks. Excess production may be 


! Member since October 27, 1967. 


controlled by imposing export quotas on 
producing nations. The tin buffer stock, an 
equivalent of 20,000 long tons of tin metal 
which is usually tin-in-concentrate, 1s con- 
tributed by the producing nations. For the 
purpose of the buffer stock, the market 
price is the price of cash tin on the 
London Metal Exchange, although other 
prices such as New York or Penang may be 
used at the discretion of the ITC. The 
buffer stock manager was directed to buy 
or sell fom the stock according to the fol- 
lowing schedules, expressed as U.S. dollar 
equivalent per pound: 


Second ITA 1 Third ITA 
Must ie EE 1.25 1.375 
JJJ/%CöÜ5dG . 1.25 -1.3125 1.375-1.50 
C1111 . ame ĩ es 1.3125 1.4375 1.50 1.625 
JJJ/ͥ ³ĩ˙iAà eret utate ˙Ü·mm, ease 1.4375-1.50 1.625-1.75 
IM ust. SEM? cies acean a die peu 1.50 1.75 


! Previous schedule. 
At year end, the buffer pool stock of tin metal was said to be 4,755 long tons. 
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Table 16.—World mine production of tin (content of ore), by countries 1 2 


(Long tons) 


Country 1963 1964 1965 1966 1967» 
North America: 
Canada E 414 157 168 r 9317 237 
IL GX CO c reti eui eue eL ees he ha ns 1,055 1,207 503 821 e 662 
United States. W 65 47 97 W 
South America: 
Argentinien NEE a see 225 343 497 r 458 NA 
Bolivia 5. eegen etc et Slo r 22,209 r 24,319 r 23, 036 r 25, 626 26,890 
fp e eee ss 1,150 790 1,810 r1,855 e 1,200 
Peru (recoverable)___________._--____-- 21 36 4 3 
Europe: 
Czechoslovakia_ 22222 2... 1200 1200 4220 4148 150 
France..... pem en 272 486 447 e 418 452 
Germany, East 1,000 1,000 1,000 1,000 NA 
Portugal ».............. ebd or ie s 718 676 r 557 r 600 617 
SEU r 158 91 rill 129 113 
USSR o a ls ⁰⁰ r 21,000 r 22,000 r 23,000 r 24,000 25,000 
United Kingdom. ... ................. 1,226 1,226 1,313 1,272 1,475 
Africa: 
Bur undi 33 ͤ 7ðͥUyoðͥ 16 85 r100 100 e 100 
Cameroon, Republic of____ 25 40 40 r45 e 36 
Congo (Brazzaville) 43 34 44 48 e 48 
Congo (Kinshasa)... l... -- 6,883 5,108 6,324 5,036 4,664 
Morocco.___ ew 8 "e 9 14 12 7 6 
Niger, Republic o.. 54 48 53 60 e 60 
Nigeria. s . e Su E sa 8,723 8,721 9,547 9,354 9,340 
Rhodesia, Southern 498 512 510 600 e 600 
Rwanda ul oe acc 2 Suma ee 1,271 1,360 1,424 r 1,317 1,370 
South Africa, Republic of... 1,530 1,586 1,671 r 1,555 e 1,769 
South-West Africa, Territory off. 443 474 416 r664 e 720 
Swaziland 3 3 2 1 e] 
Tanzania 2 222222222222 234 287 255 353 353 
Uganda- o. teh omen Ure 165 217 178 122 104 
gé de E EE 1 8 16 R 
Asia: 
BU Ul wr ee de 1,003 916 677 r 376 e 300 
China, mainland oo 28,000 25,000 25,000 22,000 20,000 
Indonesia: oe ee 12,9217 16,345 14,699 12,526 13,597 
Japan ola suc es ³⁰²w˙ 1 857 79 837 971 1,170 
FHC ⅛ ;ꝛ ð ur y 8 32 e 40 
))))½))y!;‚;; ⁵%ðV—A ³ K 8 326 336 284 e 340 533 
Mälaysið e ee eee 59, 947 60, 004 63,670 68,886 12,121 
Thailand 2 .:.. ooo Rmus 15,585 15,597 19,047 22,565 22 , 489 
Oceania: Australia. .... 2222.22 css 2c sss 2,860 3,642 r3 , 849 r 4,838 5,379 
Totalt o Sitesi ee A r 191,051 r 193,664 1 201,413 r 208,577 211. 664 


* Estimate. > Preliminary. t Revised. NA Not available. W Withheld to avoid disclosing 
individual company confidential data. I . 

1 Data derived in part from the Statistical Bulletin of the International Tin Council, London. England. 
Negligible amounts of tin were also produced in Mozambique and Surinam during 1963-67. 

2 Compiled mostly from data available May 1968. 

$s Comibol production plus exports by small and medium mines and smelters. 

4 Estimate, according to the 53d annual issue of Metal Statistics (Metallgesellschaft) through 1966. 

Includes tin content of mixed concentrates. 

6 Estimated from smelter production. 

7 Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 

8 Total is of listed figures only; no undisclosed data included. 
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Table 17.—World smelter production of tin, by countries ! 2 
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(Long tons) 
Country 1963 1964 1965 1966 1967 P 

North America: 
OXICO NEN 8 1,055 1,145 459 795 e 960 
United States? 41,650 45,190 3,098 3,825 3,048 

South America: 
OlVIB oot AAA 8 2,462 3,610 3,415 1,062 1,018 
BFI. Ee 2,051 1,731 1,753 r 1,545 e 2,100 

urope: 
Bh. A M 7,044 5, 458 4,232 4, 978 6, 068 
Germany 
lo tA PE 1,200 1,200 1,200 1,200 1,200 
EE 1,052 1,178 1,427 1,362 1,622 
Netherlands 5,762 15, 858 18,114 12,552 13,739 
Fee. 8 663 589 60 1556 619 
PV oa. ote ³˙ -w 1,286 1,774 r 1,787 2,957 e 1,534 
FC.; ꝛ˙m ee ee EE r 21,000 r 22,000 r 23,000 r 24,000 25,000 
n United Kingdom 17,411 16,849 16,494 17,499 23,917 
rica: 
Congo (Kinshasa) ...............-..--- 1,441 1,485 1,815 2,002 1,815 
Moroceoe aaao aaaaaaaaaaMnMiMnManMMaMMMMMM 10 10 1 12 12 
Nigéria 5. ³ðV i ĩðö See rots 9,051 8,749 9,321 9,869 9,131 
Rhodesia, Southern 499 511 494 e 480 e 600 
nt South Africa, Republic of 962 1,016 962 822 659 
sia: 

China (mainland) aaa 28,000 25,000 25,000 22,000 20,000 
Indonesia g 2, 000 1,800 1,800 1,510 1,000 
ER E co ec ae ane Lr 1,976 1,954 1,610 1,836 1, 666 
Malaysia s 84, 001 71, 351 72, 469 r 71, 045 76, 328 
BI ³ðſ ³ĩↄK ⁵ ĩðx ĩ ë acusa 5,522 r 16,99 26, 582 
Oceania: Australia 2,626 3,021 r 8,179 r 9,640 3, 594 
JJJJ///ö»ͤöÜ r 193,202 191,479 1 197,766 * 202,537 221, 612 


e Estimate. P Preliminary. t Revised. 


1 Data derived in part from the Statistical Bulletin of the International Tin Council, London, England. 


2 Compiled mostly from data available May 1968. 


3 Includes tin content of alloys made directly from ores. 

4Imports into the United States of tin concentrates (tin content). 

5 Estimate, according to the 53d annual issue of Metal Statistics (Metallgesellschaft) through 1966. 

6 Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 

7 Including a small amount smelted from imported concentrates. 

8 Smelter production of tin metal for West Malaysia and Singapore as reported by Dept. of Statis- 


tics, Malaysia. 


9 Total is of listed figures only; no undisclosed data included. 


REVIEW BY COUNTRIES 


Australia.—An intensive exploration 
program was responsible for an upsurge in 
Australian tin production. New resources 
were discovered and new deposits opened 
in the principal tin areas of Tasmania, 
New South Wales, Western Australia, and 
Queensland. In 1966 about 30 companies 
had actively explored for tin in Australia. 

Increase in tin production from Tas- 
mania could make Australia self-sufficient 
in tin and save A$4 million in Australian 
imports. In northwest Tasmania, particular 
emphasis was on developing cassiterite- 
pyrite-pyrrhotite deposits; some explora- 
tion was conducted off the coast of Cape 
Barren in Bass Strait and off King Island, 
farther to the west. Late in December 1966 
Renison Ltd. N.L. commenced commission- 


ing a new concentrator at Renison Bell 
which had a planned initial throughput of 
1,000 tons of ore per day. Renison, the 
holder of Australia's largest proven tin ore 
body, also discovered a large reserve con- 
taining 1.88 percent tin near the Bassett 
lode. Estimated tin reserves in the Bassett 
and Federal lodes are 12 million tons of 
ore averaging 0.75 percent tin. Near 
Waratah, Cleveland Tin N.L. continued 
building a town and concentrator sites at 
Luina on the west coast and access roads 
to its old Cleveland mine where new re- 
serves have been indicated. 

In January 1967 Oil and Minerals Quest 
N.L. commenced mining alluvial tin at 
Walwa, northeast Victoria. It was planned 
to expand capacity to 50 tons of ore per 
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hour, with resultant concentrates contain- 
ing 60 to 70 percent tin. Near Irvinebank, 
North Queensland, an underground devel- 
opment and drilling program was com- 
pleted in May, with plans for a treatment 
plant at mine site during 1968. 

In early 1967 a new smelter, which now 
produces the total domestic output of 
primary refined tin, was commissioned at 
Alexandria, New South Wales. The smelter 
is owned by Associated Smelters Pty. Ltd., 
a joint venture of Australian Iron and 
Steel Pty. Ltd., O. T. Lempriere and Co., 
Ltd., and Consolidated Tin Smelters (Aus- 
tralia) Pty. Ltd. with its subsidiary Sydney 
Smelting Company Pty. Ltd. 

Bolivia.—The Estalso consortium, a joint 
venture of four U.S. firms headed by W. R. 
Grace & Co., undertook bucket-line dredg- 
ing of tin-bearing gravels on the Antequera 
River, east of Lake Poopo and about 150 
miles south of La Paz. It was expected 
that 3.5 million cubic yards of gravel 
would be mined and processed annually 
in producing 1,300 metric tons of tin. 

After an early summer sstrike, Cor- 
poracion Minera de Bolivia (COMIBOL) 
had no additional labor troubles. Later in 
the year, production from Catavi, its larg- 
est mine, was considerably higher than the 
average output for this time period. End- 
of-year bonuses no doubt led to this in- 
creased output in the last quarter. COMI- 
BOL claimed that tin would have to be 
priced above $1.47 per pound for the com- 
pany not to lose money. Meanwhile the 
company continued to ship large tonnages 
of low-grade concentrate to the Texas City, 
Tex., tin smelter. Tin recovery because of 
the complexity of the ores, is generally 
only about 50 percent by gravity and flota- 
tion, and COMIBOL hoped to improve 
this considerably by using a combination 
of flotation and volatilization. Tihua Mines 
has used the process on its low-grade con- 
centrates since July 1967. With this in 
mind, COMIBOL acquired the use of a 
small smelter from Empresa Nacional de 
Fundiciones (ENAF) in December to carry 
out a 2-year series of trials on industrial- 
scale volatilization. 

Plans were finalized for a tin smelter to 
be built at Vinto, 5 miles east of Oruro. 
The West German firm, Klóckner Indus- 
trie-Anlagen G.m.b.H. will construct the 
plant, which will begin smelting tin ore 
early in 1969. First-year capacity of 7,500 
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tons probably will be increased eventually 
to 20,000 tons per year. 

Indonesia.—This country was once the 
world's third largest tin producer, after 
Malaysia and Bolivia, producing one-sixth 
of the world’s tin. In the last 10 to 15 
years, however, its production has fallen 
from an average of 32,000 tons to about 
13,600 tons in 1967. 

The Government made efforts to encour- 
age foreign investments in tin mining. For 
the first time since the Netherlands mining 
companies were nationalized, some tin 
prospects, including areas on the shores of 
Bangka and Belitung (Billiton), were 
thrown open to foreign investment capital. 
Offshore tin areas are of great interest, and 
a number of foreign firms were expected 
to receive concessions for offshore prospect- 
ing and mining. Also, to improve the econ- 
omy and expand exports, the Indonesian 
Government allowed tin-mining companies 
to keep 75 percent of their foreign cur- 
rency instead of the previous 50 percent. 

Production rose, largely due to improved 
operation of the large new dredge, Bangka 
I. Trial operations at the new Muntok 
smelter, with an annual capacity of 25,000 
tons, on Bangka Island were started early 
in the year. This smelter was expected 
eventually to replace the old Puput smelter 
which shipped tin slag to Singapore. 

Malaysia.—Despite serious floods which 
affected 11 States, especially in the Kelan- 
tan area, production was greater than in 
1966. Malaysia has rapidly increased its tin 
output since strict international tin export 
control ended in the late 1950’s. Its in- 
creased output has been a major factor in 
the decline of the international tin trade 
deficit. 

Because of interest shown by a number 
of local and foreign companies in the tin- 
mining potential of Malaysia’s west coast, 
the Malaysian Government had a United 
Nations expert prepare a report on pos- 
sible terms and conditions interested firms 
would be granted. Near yearend, approval 
was expected for a major project on tin 
exploration in a 50-mile length of Malay- 
sian coastal water off Malacca. 

Efforts to discover and outline offshore 
deposits off the west coast were expected 
to be facilitated by completion of the 320- 
ton diesel-electric survey vessel Bison. This 
ship uses an acoustic reflection technique 
for continuous profiling of seabed and 
underlying strata (the SONIA method). 
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South Africa, Republic of.—Large in- 
creases in mine output and enlarged smelt- 
ing facilities were expected to place the 
country on the road to self-sufficiency. The 
Rooiberg mine near Warmbaths, Trans- 
vaal, is the main source of tin in South 
Africa. A new smelting plant, owned by 
Iscor, near Vanderbijlpark, has a monthly 
capacity of 120 tons of concentrate and, 
with that owned by the Zaaiplaats mine 
near Potgietersrus, can supply the nation's 
requirements. 

Thailand.—A backlog excess stock of 
4,500 to 5,000 long tons of tin-in-concen- 
trates, collected as a result of production 
difficulties at the Thailand Smelting & Re- 
fining Co., Ltd. (Thaisarco) smelter on 
Phuket Island in 1966, was smelted in 1967, 
adding to an expected increase of 1,500 
tons over 1966. In April the smelter, owned 
by Eastern Mining Development Co. Ltd. 
and Union Carbide Corp., installed a 
fourth reverberatory furnace. This and a 
third furnace, operational since November 
1966, gave the Phuket plant a top smelting 
capacity of 40,000 tons of concentrate per 
year. However, part of the year production 
was halved when two furnaces were closed 
for relining and there was a shortage of 
concentrate for smelting. About 70 percent 
of concentrate production was said to be 
obtained from locally based small-scale 
operators. In the past, foreign-based com- 
panies had been restricted to peninsular 
Thailand, but the “closed” area north of 
the 11th parallel was opened for prospect- 
ing late in 1966. Most Thai production is 
derived from soft-rock mining operations 
in the Renong, Phuket, and Songkhla 
areas, an exception being the Pin Yok 
hard-rock mine near the Malaysian border. 

Owing to lower tin exports, following 
increased production in Malaysia and In- 
donesia, Thai Government tin royalties 
dropped nearly 4 percent below those of 
1966. 

United Kingdom.—Fifteen firms were 
said to have started underground develop- 
ment in Cornwall, although critics claimed 
that there was official indifference regard- 
ing tin mining there, in contrast to the re- 
cently announced policy of Eire, which is 
exempting new mines from income tax for 
20 years. Exploration has been difficult 
because diamond drills must probe be- 
tween the abandoned mines. In addition, 
old flooded workings can prevent develop- 
ing and working an area where lode inter- 
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sections have been indicated during drill- 
ing. 

One of the most interesting mining 
activities is the progress made by the South 
Croft Tin Mines Ltd. in dewatering the 
old East Pool mine. After dewatering is 
completed the company was expected to 
start eastward exploration on a number of 
lodes. A decision was made to sink a new 
exploratory shaft in the Pendarves prop- 
erty 1 mile south of Camborne. Thyssen 
(Great Britain) is doing the drilling; the 
present project was undertaken by five 
other firms. Other exploratory diamond 
drilling was underway near Callington in 
eastern Cornwall, in the Camborne- 
Redruth area, at Gwennap, southwest of 
Truro, and in the area of two old tin 
mines west of Truro. Lastly, waters by the 
famous old town of St. Ives were the site 
of alluvial tin dredging. 

Other Producing Countries.—Mine pro- 
duction elsewhere in the free world de- 
creased about 3 percent in 1967 to about 
22,800 long tons. 

Production from other than major tin 
mines comes from such sources as bypro- 
duct recovery from lead-zinc smelters, tri- 
buters in various countries, streamers in 
Cornwall, and small deposits in Argentina, 
Mexico, Spain, Portugal, some of the devel- 
oping African nations, and some Latin 
American countries 

Despite difficulties in shipping tin, some 
Chinese tin found its way into East Europe 
countries via exporters in Western Europe. 
Because of the location of Chinese tin de- 
posites, rail shipments must be made 
through North Viet-Nam over the Kun- 
ming-Hanoi-Nanning railway network, 
which has been subject to military dis- 
ruption. 

Tin production in the U.S.S.R. can 
only be estimated, but the country is pur- 
chasing increasingly greater quantities of 
tin in Western markets, indicating insuf- 
ficient production to satisfy domestic needs 
Until the Sino-Soviet dispute in 1966, 
mainland China was the main supplier of 
tin to the U.S.S.R. It was said that cur- 
rent Soviet reserves probably exceed 500,- 
000 tons, but of these only 9 percent are 
in placer deposits which are easier to 
work than lode ore. The U.S.S.R. was 
said to have three principal reduction and 
refining plants, one in Siberia and two 
near Moscow. Reverberatory furnaces 
were used to produce crude tin of 97-per- 
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cent purity from low-tin concentrates; 
electric-arc furnaces were used to pro- 
duce tin of 99-percent purity from high- 
tin concentrates.” 
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In Africa, tribal feuding and political 
difficulties slowed production in the Congo 
(Kinshasa) and in Nigeria. 


TECHNOLOGY 


A discussion of the coincidence between 
the distribution of tin and the evidence for 
continental drift contributed to the under- 
standing of tin occurrences. Considering 
ages of tin deposits in the South-West 
Africa-Nigeria tin belt, it was believed the 
source of the tin was the crust or the part 
of the upper mantle adhering to the crust 
during drifting.’ 

Guidelines to the discovery of tin placer 
deposits were discussed. Even with a 
knowledge of onshore geology it was diffi- 
cult to predict near-shore placers with 
reasonable certainty.* 

A number of papers were presented at 
an International Tin Council meeting in 
London; subjects included geology and 
mineralogy of tin deposits, problems con- 
cerning their mining and the processing of 
concentrates, recent dredging innovations, 
potential new uses, and dissemination of 
technical information by mines depart- 
ments and geological surveys in the major 
tin-producing countries. 

In one presentation, the high costs of the 
Bolivian tin industry were discussed. They 
were said to be due to declining grade of 
ore in known bodies, failure to discover 
new ones (only one small mine has been 
developed into an important producer 
since 1931), wastage because of loss in con- 
centration (almost 50 percent in COMI- 
BOL mills in a recent year), and high 
transport and smelting costs due to dis- 
tance from sea and world markets and 
complexity of ore concentrates. Chloride 
roasting, recently introduced for treating 
tin concentrates also was discussed.“ 

Details of ore concentration, smelting, re- 
fining, secondary recovery, and attempts at 
developing chemical-metallurgical processes 
to recover tin from very low grade concen- 
trates were given.“ Regarding the latter 
techniques, tin concentration by flotation 
has been of continuous interest because 
gravity concentration of lode tin ores, the 
other alternate and most commonly used 
method, leads to high losses in slimes 
created by overgrinding. Accordingly, re- 
cent attempts have been made to establish 


flotation as a supplement to gravity proc- 
essing. In vacuum and batch flotation test 
work on complex ores, mostly from Corn- 
wall and Canada, alkyl phosphonic acids 
provided the most satisfactory collector sys- 
tem for cassiterite.’ 

Tinplate, the largest use for tin, has 
been receiving increased competition in 
recent years. Numerous technical develop- 
ments have been achieved in other can- 
making materials and techniques, but there 
have been innovations in tinplate tech- 
nology as well. A review article described 
hot-dip and electrolytic tinning methods 
and the structure and corrosion of tin- 
plate.“ Elsewhere, it was stated that the 
only basic reason for the development of 
double-reduced plate (lightweight tinplate 
produced by additional cold reduction 
before tinning) was the simple economic 
one of making tinplate cheaper. In the 
United States tinplate foil is being devel- 
oped commercially. The first commercial 
product was said to be material 0.05 mil- 
limeter thick with a tin coating of about 
3 grams per square meter, but some sam- 
ples of tin-coated steel foil only 5 microns 
thick have been produced. When the foil 
is rolled, the tin coating acts as a built-in 


rolling lubricant.? 
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Titanium 


By John W. Stamper’ 


Rising demand for titanium metal in 
commerical and military airframes and jet- 
engines resulted in record shipments of 
titanium mill products during 1966 and 
1967. A new producer of titanium sponge 
metal began operations in 1966, and the 
industry announced plans to expand 
annual production capacity to 31,000 tons 
by the early 1970’s. Imports of titanium 
sponge metal from Japan, the United 
Kingdom, and the U.S.S.R. increased 
markedly and accounted for one-third of 
consumption in 1967, compared with one- 
fourth of consumption in 1966. 

Domestic rutile production continued to 
decline drastically and the Government 
initiated a series of programs under pro- 
visions of the Defense Production Act to 
increase output and to encourage the com- 
mercial production and u:e of substitutes 
for natural rutile in strategic application. 
Ilmenite production in the United States 
dropped slightly in 1967 but world output 
of both ilmenite and rutile increased 
significantly. 


The planned closing in 1968 of a domes- 
tic plant utilizing the sulfate process for 
making titanuim pigment foreshadowed a 
continuation of the trend of recent years 
toward greater utilization of the chloride 
process for pigment. 

Legislation and Government Programs.— 
On February 14, 1966, the General Services 
Administration (GSA) announced a plan 
for the long range disposal of titanium 
sponge metal from Defense Production 
Act inventories. À total of 969 short tons 
was sold during 1966 at average prices per 
pound ranging from $1.00 to $1.08. How- 
ever, on November 17, 1966, the Office of 
Emergency Planning (OEP) increased the 
stockpile objective for rutile and titanium 
sponge metal to 200,000 tons and 37,500 
tons, respectively. With the establishment 
of the new objective for titanium sponge 
metal 10,024 tons of the 30,524 tons on 
hand at the end of 1966 was determined to 
be of nonstockp:le quality. During 1967, 


1 Commodity specialist, Division of Mineral 
Studies. 


Table 1.—Salient titanium statistics 


1963 1964 1965 1966 1967 
United States: 
Ilmenite concentrate: 
Mine shipments. ...... short tons 890,071 1,003,997 948,832 868,436 882,414 
iI. ae thousands. . $16,529 19,178 $18,058 $17,608 $18,519 
Imports. ..— ee short tons 200,880 173,219 166,315 186,539 207,906 
Consumption do 874, 986 980, 426 923, 304 962, 706 919,206 
Titanium slag: 
Consumption do- 152, 416 128,203 148,184 132,233 122,926 
Rutile concentrate: 
Mine shipments............ do.... 11,311 10,547 W W W 
ale thousands 51,262 $1,016 W W W 
Imports d short tons 71, 990 110, 981 151, 748 151, 482 167, 100 
Consumption do 35,189 79, 446 117,376 135, 883 153 , 457 
Sponge metal: 
Production do 7,879 W W W W 
Imports for consumption do 1,468 2,056 3,134 5,675 7,176 
Consumption do- 8, 865 11,131 12, 105 19,677 20, 062 
Price: Dec. 31 per pound $1.60 $1.32 $1.32 $1.32 $1.32 
World production: 
Ilmenite concentrate short tons 2,190,742 2,589,163 2,718,290 2,883,936 «2,989,965 
Rutile concentrate... ... ..... do.... 221,826 214,755 245,259 279,325 ¢ 317,978 
e Estimate. 


W Withheld to avoid disclosing individual company confidential data. 
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794 tons of nonstockpile-grade titanium 
metal was sold at an average price of 
about $1.05 per pound. The Government 
inventory of rutile at the end of 1967 was 
47,617 tons. 

On January 17, 1967, OEP established a 
domestic production expansion goal for 
rutile of 70,000 tons per year. Under pro- 
visions of the Defense Production Act the 
OEP, on June 13, 1967, authorized the De- 
»artment of the Interior to investigate 
»otential sources of rutile in the United 
States and to encourage and expedite the 
production and use of subsitute domestic 
and other North American titaniferous 
ores. Ás part of the program the Geological 
Survey will test and evaluate ore samples 
obtained under several exploration pro- 
grams, to determine if rutile is present in 
the ores in significant quantities. In addi- 
tion, a deposit of columbium-bearing rutile 
in Hot Spring County, Arkansas, will be 
investigated for the Department's Office of 
Minerals and Solid Fuels. The Bureau of 
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Mines will investigate the technical and 
economic factors involved in the produc- 
tion and use of alternate titaniferous mate- 
rials in place of rutile in strategic applica- 
tions. 

Financial assistance for exploration of 
rutile deposits, available through the U. S. 
Geological Survey, Office of Minerals Ex- 
ploration, was increased in September, 
1967, from 50 percent Government partici- 
pation to 75 percent. 

As part of the overall program for im- 
proving the mobilization base for rutile 
the OEP also authorized GSA to develop 
a domestic rutile purchase program. The 
Department of Agriculture was authorized 
to acquire 53,000 tons of rutile by cash or 
in exchange for agricultural products. A 
contract was negotiated with Engelhard 
Minerals & Chemicals Corp. for delivery to 
the Government of 3,400 tons of Australian 
rutile by June 30, 1968. However, author- 
ization to acquire additional quantities 
expired on June 30, 1967. 


DOMESTIC PRODUCTION 


Concentrates.—Ilmenite concentrate was 
produced in 1966 and 1967 by E. I. du 
Pont de Nemours & Co., Inc., Starke and 
Highland, Fla.; Humphreys Mining Co., 
Folkston, Ga.; The Glidden Company, 
Lakehurst, NI: National Lead Co. 
Tahawus, N.Y.; American Cyanamid Co., 
Piney River, Va.; and M&T Chemicals, 
Inc., Hanover County, Va. Porter Brothers 
Corp. shipped a small quantity of ilmenite 
from stocks at Boise, Idaho, in 1966. 

M&T Chemicals, Inc., was the sole pro- 


ducer of rutile in 1966 and 1967. Rutile 
output at the M&T Chemical mine in 
Hanover County, Va., decreased markedly 
in 1967. 

Metal.—Output of titanium sponge 
metal by 3 producers increased for the 
eighth successive year. | 

Early in 1967 Armco Steel Corp. ac- 
quired a 30-percent interest in Oregon 
Metallurgical Corp. which had begun pro- 
duction of titanium sponge metal at a new 
facility in Albany, Oregon, in June 1966. 


Table 2.—Production and mine shipments of titanium concentrates from 
domestic ores in the United States 


Shipments 
Production 
Year short tons Short tons Short tons Value 
(gross weight) (gross iOs (thou- 
weight) content sands) 
Ilmenite: 1 
8. ( ³² qm Sua a 888, 400 890, 071 470,983 $16,529 
1ô·Ü ß s oto 1,001,132 1,003,997 526,642 19,178 
JJ EE 69,459 48,832 494,353 18,058 
. ³ð Ä ĩðVj ĩðͤ ae 965, 378 868, 486 451,182 17,608 
NOG Tc eo ewes EE 935,091 882,414 463, 286 18,519 
Rutile: 
1969 Seo So eee ee 11,915 11,311 10,839 1,262 
1904. 1t ue oA ⅛ð vy ĩð⁊ v ĩ E EE. 8,062 10,547 10,112 1,016 
1969-67 EE W W W 


W Withheld to avoid disclosing individual company confidential data. 
1 Includes a mixed product containing rutile, leucoxene, and altered ilmenite. 
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Table 3.—Titanium-metal data 


(Short tons) 


1963 1964 1965 1966 1967 
Sponge metal: 

FOGUCUION ood ou ee eee ee eee cack 7,879 W W W 
Imports for consumption. ........... 2... ..- 1,468 2,056 3,134 5,675 7,176 
Industry stock 1,100 800 900 800 2,900 
Government stocks (DPA inventories) ) 22,971 22, 254 22,939 21,416 20,711 
Consumption 8, 865 11,131 12,105 19,677 20,062 

reap mene consumption 2,835 2,877 3,303 4,857 5,822 
ngot: 
Produet inn Sl O Suyu uu T Dou 11,138 13,964 15,294 24, 258 25, 960 
Consumption 10, 506 13, 501 14, 694 22,317 25,886 
Mill shape production 2 ee 6,112 7,708 9,858 r 18,996 18,636 


r Revised. 
1 Includes alloy constituents. 


W Withheld to avoid disclosing individual company confidential data. 


2 Bureau of the Census and Business and Defense Services Administration, Current Industrial Reports 
Series BDSAF-263 (67). Net shipments derived by subtracting the sum of producers’ receipts of each mill 
shape from the industry's gross shipments of that shape. Data not comparable with years before 1962. 


Ormet planned to expand its sponge metal 
capacity of about 700 tons per year at the 
end of 1967 to 6,500 tons by the 1970's. 

Titanium Metals Corporation of Amer- 
ica (TMCA) and Reactive Metals, Inc. 
were expanding facilities to produce tita- 
nium sponge metal. TMCA planned to in- 
crease annual sponge capacity of its Hen- 
derson, Nev., plant from 10,000 tons to 
16,000 tons by mid-1969. Reactive Metals 
Inc. was expected to increase annual 
sponge capacity at Ashtabula, Ohio, from 
5,000 tons to 8,500 tons by 1970. 

Titanium ingot was produced from 
sponge metal and alloys by Harvey Alumi- 
num, Inc., Torrance, Calif.; Crucible Steel 
Company of America, Midland, Pa.; 
TMCA, Henderson, Nev.; Reactive Metals, 
Inc., Niles, Ohio; and Oregon Metallurgi- 
cal Corp., Albany, Ore. 

Teledyne Titanium, a subsidiary of 
Teledyne, Inc., announced plans to pro- 
duce titanium ingot at a new plant to be 


constructed at Monroe, N.C. Howmet 
Corp., was constructing a 2,000-ton-per- 
year titanium melting facility at Whitehall, 
Mich. 


Pigment.—On a gross weight basis 
titanium dioxide pigment production in 
1966 was 11 percent lower than that of 
1965. However, the average TiO; content 
of pigments produced increased and on a 
TiOs-content basis output increased by 3 
percent. In 1967, the gross weight of pro- 
duction was 2 percent lower than that of 
1966 and the TiO; content of output 
dropped 1 percent. In 1967, the first year 
that the industry reported data on rutile, 
anatase, and composite types of pigment, 
the rutile-type pigment was produced by 
all seven pigment companies and com- 
prised approximately 49 percent of the 
total on a TiO: content basis. The remain- 
ing 51 percent was anatase type, produced 
by five companies, and composite type, 
produced by one company. 


Table 4.—Titanium pigment data (TiO; content) 


Shipments 1 
Year Production ———————— ———— ———— —À 
(short tons) Quantity Value, f.o.b. 
(short tons) (thousands) 
boc tee ee 519,458 528,416 $278,477 
1904 EE 558,536 549,329 288,031 
.. ß A eia r 576,700 r 578,091 r 298, 842 
JJJJJ.öĩõĩ[ - ee Coe esac le r 594,486 593,933 808 , 902 
1901. 5. 222 my EAN E P 587,995 NA 
P Preliminary. r Revised. NA Not available. 


1 Includes interplant transfers. 
Source: Bureau of the Census. 
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Titanium pigments were produced by 
the following companies: American 
Cyanamid Co., Piney River, Va., and 
Savannah, Ga.; American Potash & Chemi- 
cal Corp., Hamilton, Miss.; Cabot Titania 
Corp., Ashtabula, Ohio; E. I. du Pont de 
Nemours & Co., Inc., Edgemoor, Del., 
Baltimore, Md., Antioch, Calif., and New 
Johnsonville, Tenn.; SCM Corp., Glidden- 
Durkee Division, Baltimore, Md.; National 
Lead Co., St. Louis, Mo., and Sayreville, 
N.J.; The New Jersey Zinc Co., Gloucester 
City, N.J.; and American Potash & Chem- 
ical Corp., Hamilton, Miss. 

During 1967, an agreement was signed 
between The Sherwin-Williams Co. and E. 
I. du Pont de Nemours & Co., Inc. whereby 
Du Pont will build a $20 million plant 
at Ashtabula, Ohio to make 25,000 tons of 
titanium dioxide pigment per year. The 
plant will be owned and operated by 
Sherwin-Williams, and will utilize a chlo- 
ride process, licensed from Du Pont. 

Late in 1966, PPG Industries, Inc., 
started construction of an 18,000-ton-per- 
year titanium pigment plant at Natrium, 
W. Va. The plant, which will utilize a 
chloride process developed by PPG, was 
expected to begin commercial operation 
early in 1968. 
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In 1966 the New Jersey Zinc Co., a sub- 
sidiary of Gulf & Western Industries, Inc., 
and longtime producer of titanium pig- 
ments by the sulfate process, announced 
the signing of a joint research and patent 
licensing agreement with Montecatini 
Edison S.P.A. of Milan, Italy, relating to 
development of a new chloride process for 
production of titanium pigment. The re- 
search and development programs under 
the agreement will be conducted at The 
New Jersey Zinc laboratories in Palmer- 
ton, Pa., and at Montecatini’s Donegani 
Research Institute at Novara, Italy, where 
a pilot plant reportedly was in operation 


in 1967. 


Du Pont announced that its 40,000-ton- 
per-year titanium pigment plant at Balti- 
more, Md. which utilizes the sulfate pro- 
cess, would be phased out by mid-1969. 


Welding Rod Coating.—A total of 
260,000 tons of welding rods, containing 
titaniferous materials in their coatings, was 
produced. Of the total output 51 percent 
contained rutile; 15 percent, ilmenite; 21 
percent, a mixture of rutile and manufac- 
tured titanium dioxide; 9 percent, manu- 
factured titanium dioxide; and 4 percent, 
miscellaneous mixtures and titanium slag. 


CONSUMPTION AND USES 


Concentrates.— Reflecting the increase 
in titanium dioxide content of pigment 
production in 1966 consumption of 
ilmenite, the principal source of pigment, 
increased 2 percent over that of 1965. Ru- 
tile consumption in 1966 increased 16 per- 
cent over that of 1965, mainly because of 
the increase in making titanium pigment 
by the chloride process. In 1967, the use of 
ilmenite and titanium slag decreased 
slightly reflecting the drop in pigment pro- 
duction; however, rutile consumption, 
which was mainly for pigment, continued 
to increase and was 13 percent higher than 
that in 1966. 


Metal.—Sharply increased titanium re- 
quirements for commercial and military 
airframes and jet engines in 1966 led to a 
90-percent increase in consumption of 
titanium metal over that of 1965, as gaged 
by shipments of mill products. Shipments 
of titamum mill products in 1967 were 
slightly lower than that in 1966, reflecting 
a slowing of demand and a substantial ad- 


justment to excess inventories in the hands 
of fabricators. 

A large producer of titanium metal 
estimated the end-use distribution of tita- 
nium mill products as follows: 


Consumption, percent 


1965 1966 1967 

Jet engines 40 47 54 
Air frames 30 28 134 
Space and missiles... ..... 15 15 6 
Nonaerospace............- 15 10 6 
Total... ̃ 100 100 100 


! 26 percent military, 8 percent civilian. 


Commercial shipments of titanium mill 
products for use in producing the giant 
military transport plane (the C-5A) and 
the Boeing 747 commercial airliner were 
initiated in 1967. Although essentially 
aluminum aircraft, each of these planes 
will require the purchase of some 45 tons 
of titanium mill products for engine com- 
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Table 5.—Consumption of titanium concentrates in the United States, by products 


(Short tons) 


Ilmenite 1 Titanium slag Rutile 
Year and product Gross Estimated Gross Estimated Gross Estimated 
weight TiOs weight TiO: weight TiO: 
content content content 
%;ö%[—Ürñſ 8 874, 986 459, 506 152, 416 108, 645 35, 189 33, 326 
//õ§˙ 8 980, 426 511, 053 128, 203 91,868 79, 446 76,328 
196622 ͤ ³ĩ·AA toe eee 923 ,304 483 ,002 148 ,184 105,483 117,376 118,017 
1966: 
Pigments.................- 969,343 505,593 132,233 93,683 (2) (2) 
Titanium metal... ebe, eee » Sooke uui c (2) (2) 
Welding-rod coatings. ...... (2) (2) (3) (3) 23,904 22,656 
Alloys and carbide.......... 2,876 1,500 (3) (3) 935 869 
Ceramics. ............-..- (2) „„ 000 4) (4) 
Glass fibers Se aus Et, soci 09 884 
Miscellaneous 487 J (8 110, 135 105, 782 
el; 8 962, 706 507,379 132,233 93,683 135,883 130,191 
1967: 
Pigments 916,398 486,739 122,926 86,945 96,401 92, 795 
Titanium metül... ð y ð v ³ĩVK ee (2 (2 
Welding-rod coatings....... (2 (2) (3) (3) 21,190 20,139 
Alloys and carbide........... 2,414 1,265 (3) (3) 137 697 
Ceramics.. s (2) (2) S uwa ta asua (4) (4) 
GG EE (2) (2) 
Miscellaneous. 394 232 t w x 35,129 33,527 
ge DEEN 919,206 488,236 122,926 86,945 153,457 147,158 
1 Includes a mixed product containing rutile, leucoxene, and altered ilmenite. 
2 Included with “Miscellaneous” to avoid disclosing individual company confidential data. 
3 Included with “Pigments” to avoid disclosing individual company confidential data. 
* Included with Alloys and carbide" to avoid disclosing individual company confidential data. 
Table 6.—Distribution of titanium-pigment shipments, by industries 
(Percent) 
Industry 1963 1964 1965 1966 1967 
Distribution by gross weight: 
Paints, varnishes, and lacquers. ...................- 63.3 62.6 62.9 61.6 61.9 
EE 12.5 12.4 12.6 13.9 14.6 
Floor Eet, EE 4.3 3.9 3.6 3.4 2.7 
Rubber. AA eee 4.0 3.1 4.2 4.2 2.8 
Coated fabrics and textiles (oil cloth, shade cloth, 
artificial leather, etc.) jj 2.0 1.2 1.4 1.4 1.4 
Printing hh S scu 1.6 1.7 1.8 1.9 2.0 
Roofing granule s 2.1 1. 6 1.3 1.2 1.1 
Cera mi WEE 1.2 1.5 1.5 1.7 1.9 
Plastics (except floor covering and vinyl-coated fabrics 
and textilem: 8 2.9 4.4 3. 6 3.8 5.1 
Other (including export 6.1 1.6 7.1 6.9 6.5 
JC ee d n uc ou 100.0 100.0 100.0 100.0 100.0 
Distribution by titanium dioxide content: 
Paints, varnishes, and lacquers...................- 51.0 56.8 57.4 56.4 57.5 
F AA ĩ C 8 15.5 15.2 15.2 16.7 17.2 
Floor covering 5.2 4.7 4.8 3.9 3.1 
Rubber- eee 4.9 3.7 5. 0 4.9 3.2 
Coated fabrics and textiles (oil cloth, shade cloth, 
artificial leather, etc. 2.0 1.4 1.6 1.6 1.6 
Printing ik EE 2.0 2.1 2.1 2.2 2.3 
Roofing granules. s 2.6 1.9 1.7 1.5 1.4 
Coràmi 6. eco he K aa a 1.5 1.9 1.8 2.1 2.2 
Plastics (except foor covering and vinyl-coated fabrics 
and textiles 3.7 5.4 4.3 4.6 6.0 
Other (including exportt dd 5.6 6.9 6.6 6.1 5.5 
6 ] Ba Se ð K ⁊ ʒ 100. 0 100. 0 100. 0 100. 0 100. 0 
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ponents, fasteners, and critical airframe 
parts. The powerplant for the C-5A is the 
General Electric TF-39 engine, while the 
Pratt & Whitney JT9 will be utilized in 
the 747. Both of these engines reportedly 
use more titanium than any jet engine pro- 
duced previously. 

According to Oregon Metallurgical Corp. 
titanium propellers were cast for use on a 
high-speed hydrofoil gunboat. The blades 
were 22 inches from hub to tip. 

Wyman Gordon, Inc. reportedly forged 
titanium blades to drive the Navy’s 300- 
ton hydrofoil experiemental craft, Plain- 
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view. Each of the four-bladed propellers is 
5 feet in diameter and weigh 740 pounds. 

New uses for titanium reported in 1966 
and 1967 included a sheath for an immer- 
sion type heater *; an aortic heart valve“; 
a new type prosthetic device,* and the 
boom and upper portion of the mast for 
the racing sail boat, the Intrepid. 


Pigments.—Consumption of titanium 
pigment in 1967 on a gross weight basis 
and using shipments as a gage was 4 per- 
cent less than that in 1966. Consumption 
in 1966 on the same basis was 3 percent 
higher than that in 1965. 


STOCKS 


Industry stocks of rutile increased 7 per- 
cent to 185,000 tons, equivalent to more 
than a year’s supply at the 1967 consump- 
tion rate. Ilmenite inventories also in- 
creased significantly, but stocks of titanium 
slag declined. Yearend stocks of titanium 
sponge metal held by producers, melters, 
and semifabricators totaled 2,810 tons com- 
pared with 826 tons on hand at the end of 
1965. Titanium metal scrap held by 


melters and semifabricators at yearend was 
4,894 tons, 645 tons more than that at the 
end of 1965. 


2 Chemical Age (London). Immersion Heater 
With Titanium Sheathed Element. v. 96, No. 
2452, July 9, 1966, p. 70. 

3 American Metal Market. Aortic Heart 
Valve Made of Titanium. v. 74, No. 8, Jan. 
12, 1967, p. 15. 

4 American Metal Market. Titanium Gets In- 
8 Canine Whirl. v. 74, No. 20. Jan. 30, 

e D. 2. 


Table 7.—Stocks of titanium concentrates in the United States, Dec. 31 


(Short tons) 


Ilmenite Titanium slag Rutile 
Year and stock Gross TiO» Gross TiO: Gross TiO: 
weight content, weight content weight content 
estimated estimated estimated 
1966: 
Minnss (1) „ etiesesed EORR 1 1) 
Distributor r 142,440 r 87, 562 (2) (2) r 16,336 r 15,628 
Consumer r 654, 680 r 362,245 137, 269 97,022 1 157,107 1 151,111 
Mr lloc p x r 797,120 r449,807 137,269 97,022 : 173,443 r 166,739 
1967: 
Mijë r roll este (1) (Du steeds wass sas (4) (4) 
Distributor 194,994 119,219 (3) (2) 11,373 10,883 
Consumer 660, 712 363 , 443 130,389 92,310 174,099 167,516 
Total A 855, 706 482,662 130,389 92,310 185,472 178,399 
r Revised. 


1 Included with 


istributor" to avoid disclosing individual company confidential data. 


2 Included with **Consumer"' to avoid disclosing individual company confidential data. 


PRICES 


Concentrates.— The yearend prices, 
f. o. b. Atlantic ports, quoted in Metals 
Week for imported ilmenite (54 percent 
TiOs) and rutile (96 percent TiO: ), re- 
mained unchanged in 1966 and 1967 at 
$21 to $24 per long ton and $119 to $121 


per short ton, respectively. The quoted 
price for domestic ilmenite (60 percent 
TiOz) and titanium slag (70 percent 
TiOs) from Canada, remained at $35 per 
short ton, and $43 per long ton, respec- 
tively. 


TITANIUM 


Manufactured Titanium Dioxide.—The 
base prices of rutile and anatase grades of 
manufactured titanium dioxide pigment 
and calcium-rutile base titanium pigments 
were unchanged in 1966 and 1967. A 2.5- 
cent-per-pound reduction was quoted for 
paper grades of anatase titanium dioxide. 
The following prices were quoted in Oil, 
Paint and Drug Reporter at the end of 


1967. 
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Metal.—Yearend prices for various 
grades of titanium sponge metal of domes- 
tic and Japanese origin were virtually un- 
changed in 1966 and 1967, and were 
quoted in Metals Week at the end of 1967 


as follows: 


Titanium sponge metals: 
titanium, 99.3 percent 
maximum; Brinell 
hardness number, 


115 maximum......... $1.32 
Price per Japanese titanium sponge... $1.23-$1.25 
pound Russi TP" . 
Anastase, chalk-resistant, ussian titanium sponge metal contain- 
regular and ceramic: ing a minimum of 99.6 percent titanium 
Carlots, delivered......... $0.255 was quoted at $0.97 to $1.10 per pound at 
Less than carlots, delivered. .265 the end of 1967. 
Rutile, nonchalking, bags: 
Carlots delivered East..... 275 Ferrotitanium.— Nominal prices at year- 
Less than carlots, delivered end for various grades of ferrotitanium 
NM - OPE . 285 were quoted in Metals Week as follows: 
Titanium pigment, calcium- 
rutile base, 30 percent TiO, Price 
bags: Low-carbon, per pound........... $1.35 
Carlots, delivered......... .09375 | Medium-carbon, per short ton 375 
Less than carlots, delivered. .09875 High carbon, per short ton 310 
FOREIGN TRADE 


Titanium dioxide exports in 1966 and 
1967 continued the downward trend of 
recent years. As in past years almost half 
of the pigment exports went to Canada. 
The quantity of titanium ores and concen- 
trates exported in 1967 was more than 
double that exported in 1966. The value 
of exports in 1967, however, was signifi- 
cantly lower, indicating that most of the 
material exported under the classification 
in 1967 was ilmenite. Canada, was the 
principal recipient of the titanium ores 
and concentrates. 

A decline in exports of titanium metal 
and alloys, sponge and scrap in 1967 was 
more than offset by an increase in exports 
of intermediate titanium mill shapes and 


mill products, and total exports of tita- 
nium was 5 percent higher than that of 
1966. 

Imports of Australian ilmenite to the 
United States in 1967 increased substan- 
tially, however, imports of rutile from Aus- 
tralia were about the same as in the two 
previous years. In 1967, a substantial quan- 
tity of rutile was imported for the first 
time from Sierra Leone, bringing total im- 
ports of this material, for use chiefly in 
making titanium metal and pigment, to a 
record high. 

Imports for consumption of unwrought 
titanium and waste and scrap in 1966 and 
1967 totaled 5,675 tons and 7,676 tons, re- 
spectively. Material from Japan was vir- 


Table 8—U.S. exports of titanium products, by classes 


Ores and Metal and alloy Intermediate mill Dioxide and 
concentrates sponge and scrap shapes and mill pigments 
products, n.e.c.! 
Year — — 

Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- 
sands) sands) sands) sands) 
1988535 ĩᷣ 8 1,201 $203 2,132 $2,070 605 $5,144 26,896 $7,249 

196 1, 300 213 1,733 1,988 1,371 9,585 26,872 d 
196777 3,027 167 1,429 1,703 1,811 13,344 25, 852 7,165 


1 Not elsewhere classified. 
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tually all sponge metal and totaled 4,183 
and 4,585 tons, respectively, in 1966 and 
1967. Most material from the United 
Kingdom also was sponge metal and in 
1966 and 1967 totaled 1,349 tons and 
1,022 tons respectively. In 1966 and 1967, 
65 tons and 1,313 tons of titanium sponge 
metal was imported for consumption from 
the U.S.S.R. The remainder of the imports 
under this category was titanium scrap and 
came chiefly from Canada. 

Imports of wrought titanium metal in 
1966 and 1967 were substantially higher 
than that of 1965. The 304 tons imported 
in 1966 was double the total in 1965. In 
1967 imports of wrought titanium leveled 
off at 299 tons. Japan was the principal 
supplier. 
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Imports of titanium dioxide in 1966 
and 1967 were 47,988 tons and 46,774 
tons, respectively, compared with 49,603 
tons imported in 1965. As in past years 
Japan, Finland, France, and West Ger- 
many were the principal suppliers. 

The tariff on titanium sponge metal, 
waste, and scrap remained at 20 percent ad 
valorem. The duty on wrought titanium 
was 18 percent ad valorem. Duty on tita- 
nium waste and scrap was tentatively sus- 
pended through June 30, 1969. Presidential 
Proclamation 3822 authorizing reductions 
in tariffs in accordance with the Kennedy 
Round trade agreements was signed in 
December 1967. The first stage of duty re- 
ductions applying to calendar year 1968 
and becoming effective June 1, 1968 in- 
cluded titanium sponge metal. 


Table 9.—U.S. imports for consumption of titanium concentrates, by countries 


(Short tons and thousand dollars) 


Country 


Ilmenite: 


Rutile: 


Ba NI DEEN 


Total: 


Short tons 


1 Chiefl 
2 Less than Le unit. 


1965 1966 1967 
aes 49,312 46,245 60, 689 
nas 117,003 140, 237 147, 216 
CC 57 1 
Se 166,315 186, 539 207, 906 
e 4,771 , 698 $5,145 
SE 151, 748 151,463 153,768 
Sie: odes 19 13,129 
„ (2) 203 
ere 151, 748 151, 482 167,100 
"€ $10,114 $8,494 $11,943 


titanium slag averaging about 70 percent TiO». 


WORLD REVIEW 


Sherbro Minterals Ltd., made its first 
commercial shipment of rutile from its 
new mine in Sierra Leone. However, its 
dredge sank late in 1967 and production 
was expected to be resumed in June 1968. 

A new titanium pigment plant utilizing 
the chloride process was planned in 


Canada and one was completed in the Re- 
public of West Germany. New and ex- 
panded sulfate plants also were planned or 


completed in Australia, Brazil, France, 
Mexico, Norway, West Germany, and 
Yugoslavia. 


TITANIUM 


114] 


Table 10.—World production of titanium concentrates (ilmenite and rutile by countries) ! 


(Short tons) 


Country 1963 1964 1965 1966 1967 P 
Ilmenite: 

Australia (shipments). ...... r 225,715 340, 064 r 493,959 r 574, 578 e 600,000 
e 2.222222222222 6,484 9,117 10, 796 14, 920 e 15, 000 
Canada (titanium slag) .. 379, 320 544, 72 545,916 524, 773 602, 455 
Celle! ns 21, 041 50, 880 54,222 445,415 58,573 
Finland.................-. 103, 461 127, 937 117,947 129, 588 137, 789 
ET TEEN 28, 619- 13,273 33,132 83,253 e 30,000 
Japan (titanium slag ) 963 2,161 3,190 r 3,867 6,293 
Malagasy Republic 4,027 5,291 6,957 6,821 e 6,000 
Malaysia 4____ 164, 656 144,774 136, 154 130,364 e 140,000 
Mexico... e use Ei cure 1§öÜàd ß. y Eia E EE 
Noreay. yyy 261,040 299,854 311,017 407, 546 e 407,855 
Portugal................-- 4 e4 
Senegal. --------------- 13,436 1:455. EE 
South Africa, Republic of , , e , AE e cee 
ir EE 55, 745 48,418 35, 458 46, 548 20,490 
United Arab Republic....... 596 33 GOT. 22:8 noc 
United States 5... . 888,400 1,001,132 969, 459 965,378 935,091 

Total ilmenite 23. r 2,190, 742 72,589,163 72,718,290 72,883,936 » 2,959,965 

Rutile: 

Australia 205,251 204,256 r 243,410 r 277,200 e 300, 578 

FJ!!! Su l ate 5 897 r e 400 
India... coc 8 2,062 2,062 1,452 2,002 e 2,000 
Senegal... ..----------2-- 780 6). 8 
South Africa, Republic of %%% ã ã 7 ff ede ere 
United Arab Republic Bo eee ODE RS 
United States 11,915 8,062 W W W 
Sierra Leone E SIN a eee e 50 15,000 

Total rutile 3. r 221, 826 r 214, 755 r 245, 259 r 279, 325 e 317,978 


e Estimate. p Preliminary. r Revised. 


W Withheld to avoid disclosing individual company confidential data. 
1 Titanium concentrates are produced in U.S.S.R., but no reliable figures are available. 
2 Production—Comissao Nacional de Energia Nuclear only. 


3 Containing approximately 70 to 72 percent TiO:. 


4 Exports. 


5 Includes a mixed basa ys containing ilmenite, leucoxene, and rutile. 


6 Total is of listed 


Australia.—A new dry separation plant 
at Hexham, New South Wales, was started 
up in 1966 by Associated Minerals Con- 
solidated Ltd., the largest rutile producer. 
The plant is expected to eventually have 
an annual capacity of 60,000 tons. 

Annual capacity of the Laporte Tita- 
nium (Australia) Ltd. titanium dioxide 


gures only; no undisclosed data included. 


pigment plant at Bunbury, western Aus- 
tralia, was expanded 20 percent in 1966 to 
12,000 tons. 

Western Titanium N.L., a major pro- 
ducer of ilmenite at Capel in Western Aus- 
tralia, planned to begin early in 1968, 
semicommercial production of a product 
containing about 93 percent titanium 


Table 11.—Australia: Exports of ilmenite concentrates, by countries 


(Short tons) 


Destination 1963 1964 1965 1966 1967 » 

LR Z z ug; es oie ae 1 45,406 28,947 53,215 90,500 
Japan - beet 25,337 55,876 50,884 49,362 69,200 
Netherlands 1,127 411 333 7,417 l 
South Africa, Republic o.. 20,017 24,640 11,314 (1) 
United Kingdom..........................- 80,032 136,516 225,912 216,668 186,100 
United States 40,430 17,130 72,913 53,923 54,500 
Other countries 23,358 227 376 7,838 49, 700 

jus DET rm um 2 23 170,285 275,583 404,005 399,237 450, 000 


P Preliminary. 
1 Included with other. 
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Table 12.—Australia: 
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Exports of rutile concentrates, by countries 


(Short tons) 


Destination 1963 1964 1965 1966 1967 » 
Belgii och e ete Du ss 3,212 4,287 4,084 2,465 (!) 
EE 8 6,938 9, 803 12,758 13,642 8,750 
Germany, Wee 4,972 10, 625 9,051 10,750 11,300 
EE EE n 7,158 6,851 5,915 6,287 (!) 
Japan; ei me ˙o˙˙⁰qqq t. 12,460 17,832 22,715 24,431 32,900 
Netherlands. 10,626 15, 206 12, 601 „859 21,000 
öÜͤLn EC 4, 633 NA (1) 
ei cena ee LN EE 3,349 NA (!) 
J¹. . 4,892 4,454 4,742 3,857 (1) 
S/ ̃ BEER 1, 364 NA (4) 
United Kingdom 16,386 17,187 18,923 17,343 17,900 
United States. FF 88,234 107, 539 152, 479 136, 556 146, 000 
Other countries. ss. 18,671 23,376 15,574 33,854 52,150 
d Ne TERRI 173,049 217,160 268,188 259,044 290, 000 


p Preliminary. 
! Included with other. 


dioxide for use as a substitute for natural 
rutile. Capacity of the plant, which re- 
portedly cost $500,000, will be about 
10,000 tons of the upgraded product per 
year. 

Brazil.—Titanio do Brasil S.A. ( TIB- 
RAS began construction of a $25 million 
sulfate process titanium dioxide plant near 
Salvador, Bahia, with an annual capacity 
of 20,000 tons per year. Laporte Industries 
Ltd., reportedly will provide technical as- 
sistance in planning the plant, which is 
scheduled for completion in mid-1969. 
SUDENE, the Inter-American Develop- 
ment Bank, and a group of industries from 
southern Brazil will finance the project. 

The Government announced plans to 
spend several hundred thousand dollars to 
explore the  northeastern and central 
regions of the country for ilmenite and 
rutile. 


Canada.—Construction of a ninth 
ilmenite smelting furnace at the Quebec 
Iron and Titanium Corp. (OIT) plant at 
Sorel, Quebec was completed early in 
1967. The new furnace reportedly has 
50 percent greater capacity for producing 
titanium slag than any of the existing 
furnaces. The capacity of two of the older 
furnaces also was increased, raising total 
titanium slag capacity to about 650,000 
tons per year. OIT continued research to 
develop a competitive substitute for 
natural rutile. 

Canadian Titanium Pigments Ltd., a 
wholly owned subsidiary of the National 
Lead Co. was increasing capacity of its ti- 
tanium pigment plant at Varennes, Quebec 


from 30,000 tons per year to 40,000 tons. 
The chloride process was expected to be 
used for the additional 10,000-ton capacity. 


Ceylon.—The state-owned Ceylon Min- 
eral Sands Corp. planned to move its 
ilmenite concentrating plant from the 
mine site at Pulmoddai on the northeast- 
ern shore, to Trincomalee, about 30 miles 
south. The port at Trincomalee is open all 
year. The company produces about 60,000 
tons of ilmenite per year, which is ex- 
ported to Japan, and about 10,000 tons of 
a mixed product containing equal portions 
of rutile and zircon. Equipment for sepa- 
rating the rutile and zircon was received 
from the United States and production of 
these two minerals at Trincomalee was 
planned in 1968. 


Chile.—A high-grade deposit of rutile 
was reportedly discovered near La Serena 


in Northern Chile. 


France.—Construction of a new 25,000- 
ton-per-year titanium dioxide plant at 
Calais was completed early in the year. 
The plant, which was built by British 
Titan Products Co., Ltd., will utilize the 
sulfate process instead of the chloride proc- 
ess, as originally announced. 


Germany, West.—Pigment Chemie 
G.m.b.H., completed a 6,000-ton expan- 
sion of its titanium dioxide plant at Hom- 
berg, bringing total annual capacity of 
26,000 tons at the end of 1966. A 17,000- 
ton-per-year unit for producing titanium 
pigment by the chloride process was re- 


portedly completed at the Titangesellshaft 
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m.b.H. pigment plant at Leverkusen. An 
equivalent capacity of sulfate pigment 
plant was expected to be phased out, leav- 
Ing a total capacity of about 95,000 tons 
per year. 


India.—The Dharahgadrha Chemicals 
Co. Ltd., reportedly planned to produce a 


rutile substitute from Travancore ilmenite 
with technical help from the Wah Chang 
Corp. of the United States. 

Demand for titanium dioxide pigment 
was said to exceed domestic production 
and the Birla (private) interest planned 
to build a titanium pigment plant at 
Edayar near Alwaye. The only producer of 
titanium pigment, Travancore Titanium 
Product, Ltd., with a plant at Kochuveli, 
Trivandrum, in Kerala, had a capacity of 
6,700 tons per year, however, output was 
reportedy only about 3,000 tons annually. 


Table 13.—Malaysia: 
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Japan.—Toho Titanium Co. Ltd., 
raised annual capacity of its titanium 
sponge metal plant at Chigasaki, Kanagawa 
Prefecture, to 4,000 tons early in 1967 and 
planned an additional capacity increase. 
Capacity at the Osaka Titanium Co. Ltd. 
plant in Hyogo Prefecture at the end of 
the year was believed to be in excess of 
4,000 tons annually. 

Toho and Osaka produced 8,642 short 
tons of titanium metal in 1967 compared 
with 7,090 tons produced in 1966. 
Hokuetsu Electric Chemical Co. produced 
4,961 tons of titanium slag in 1966 and 
4.577 tons in 1967. 

Toyo-Stauffer Chemical Co. Ltd. planned 
to build a 400-ton-per-year titanium tri- 
chloride plant near Tohyuama. Process 
and plant design was to be supplied by 
Stauffer Chemical Co. of the United States. 

Malaysia.—Japan continued to be 
the principal market for ilmenite. 


Exports of ilmenite by countries 


(Short tons) 


Destination 1962 1963 1964 1965 1966 
Beil L ees 8 19, 470 14, 663 22, 184 () 
EfüloB occ ͤmt EE 34, 658 63,194 58,805 27,351 1 
Japan l ol et oe eid aM EEN 77,502 81, 537 71,037 86,300 106, 832 
Other countries 1,696 455 269 319 23,532 

M ³˙¹.¹ cnc eee EE 113,856 164,656 144,774 136,154 130,364 


1 Belgium and France are included under other countries. 


Mexico.—Pigmentos y Productos Qui- 
micos S. A. de C.V. planned to increase the 
annual capacity of its titanium dioxide 
pigment plant at Tampico from about 
8,000 tons to 15,000 tons. 


New Zealand.— The Department of 
Scientific and Industrial Research was in- 
vestigating ilmenite resources said to total 
45 million tons, near Cape Foulwind in the 
Buller District of South Island. 


Norway. Titan Co. A/S, a subsidiary 
of National Lead Co. completed expansion 
of its titanium dioxide plant at Frederik- 
stad in 1966, raising annual capacity to 
13,000 tons. Titania A/S, another National 
Lead subsidiary which produces ilmenite 
at Tellnes planned to build a $21 million 
ilmenite smelter to produce about 200,000 
tons of titanium slag per year containing 
75 percent TiO». 


Sierra Leone.—Sherbro Minerals Ltd., 
made its first commercial shipments of 
rutile from its new mine in the Gbang- 
bama area in the southwest in June 1967. 
The company’s dredge sank in December 
and production was not expected to be re- 
sumed until June 1968. 


South Africa, Republic of.—Progress 
Minerals (Pty) Ltd., owned by banking 
firms in Switzerland, planned to begin 
mining ilmenite and possibly rutile from 
a deposit at Cape Morgan, 56 miles east of 
East London near the border of Transkei, 
early in 1968. The company purchased the 
entire dry separation plant of Umbgababa 
Minerals, Ltd., which formerly mined ru- 
tile and ilmenite near Durban. Output of 
160,000 tons of ilmenite and 20,000 tons of 


rutile and zircon per year was scheduled. 


Spain.—Several small firms reportedly 
planned to form a jointly owned company 
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to mine ilmenite near Lugo in the north- 
west. The deposit was believed to be small 
but virtually chrome-free. 


United Kingdom.—A report indicated 
that the aircraft industry accounted for 94 
percent of the market for titanium metal 


in 1960 compared with 75 percent in 
1966.5 
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Yugoslavia.—A 20,000-ton-per-year ti- 
tanium pigment plant to be built by 
CINKARNA at Celje was scheduled for 
completion in 1972. Byproduct sulfuric 
acid from the zinc smelter of CINKARNA 
and Egyptain ilmenite reportedly will be 
utilized. 


TECHNOLOGY 


Increased demand for rutile to make 
titanium tetrachloride used in titanium 
pigment and metal production, coupled 
with growing concern for the long range 
availability of an adequate rutile supply, 
has led to considerable research in recent 
years on developing methods for utilizing 
ilmenite in place of rutile in these appli- 
cations. Processes to produce a high titania 
content product from ilmenite which 
would be soluble in sulfuric acid and, thus 
suitable for use in the sulfate process for 
making titanium pigment also have been 
studied. A comprehensive review of the 
research on chemical beneficiation of 
ilmenite was reported by Hartley.“ 


The Summit Industrial Corporation 
through its subsidiary, Oceanic Process 
Corporation was developing a patented 
process for making a titanium dioxide con- 
centrate and a high-purity iron oxide 
or powder from ilmenite.' In this process, 
which was being investigated in 1967 on a 
pilot plant scale, ilmenite is oxidized by 
roasting in air or other oxygen-containing 
gas at 750° to 1,200? C for 20 to 150 
minutes, converting the iron in the ilmen- 
ite to the ferric state. The iron is then 
reduced to the metallic state with carbon 
or other solid reducing agent at 750? to 
1,250? C. The metallic iron is then 
leached from the reduced ilmenite with a 
ferric chloride solution, leaving a product 
containing more than 90 percent T1O;. A 
portion of the iron contained in the leach 
solution is oxidized to recover iron oxide 
and the solution is recycled. The particle 
size of the TiO; product was essentially 
the same as that of the original ilmenite. 

Western Titanium, N.L., a major pro- 
ducer of ilmenite, planned to build a semi- 
commercial plant in 1968 capable of pro- 
ducing 10,000 tons of material containing 
abou£ 93 percent titanium dioxide an- 
nually from ilmenite. The process to be 
used was developed by Western Titanium 
and the Commonwealth Scientific and In- 


dustrial Research Organization (CSIRO) 
and involved the reduction of the iron in 
ilmenite at less than slagging temperatures 
and subsequent reoxidation of the iron in 
aerated water and separation of the iron 
and titanium oxides by decantation. Early 
development work on the process was de- 
scribed in a report.® 

The development and operation of a 
cone-type concntrator for separating the 
heavy mineral fraction containing ilmenite 
and rutile from sand deposits was de- 
scribed.” One of the principal advantages 
of the cone concentrator is the relative 
constancy of recovery regardless of the 
fairly large changes in grade which are 
normally encountered in beach sands con- 
taining titanium minerals. 

Development history, uses, properties, 
and methods of preparing titanate cera- 
mics, with specific reference to electrical 
properties were discussed in a report.'® The 
piezoelectric property (ability to trans- 
form electrical and mechanical energy) of 
titanate ceramic bodies has led to extensive 
use of the material to generate ultrasonic 
vibrations or transform them into electric 
energy in a number of applications, in- 


cluding underwater communications, gages, 


5 Hodgkinson, Peter. Titanium. Light Metals 
& Metals Industry, v. 29, No. 332, January 
1966, p. 44. 

6 Hartley, R. F. Methods of Producing Tita- 
nium Oxide Concentrate From Ilmenite. Eight 
Commonwealth Min. and Met. Cong., Australia 
and New Zealand, 1965, Preprint No. 51, 37th 
Tech. Session, Beach Sands, 399 Little Collins 
E Melbourne, Victoria, Australia, pp. 36— 


7Shiah, Chyn Duog (assigned to Oceanic 
Process Corporation). Process for Producing 
Titanium Dioxide Concentrate and Other Use- 
ful Products From Ilmenite and Similar Ores. 
U.S. Pat. 3,252,787, May 24, 1966. 

8 Becker, R. H., R Canning, B. A. Good- 
heart, and S. Uusna. A New Process for up- 
grading  Ilmenitic Mineral Sands. Mining 
Paper 3, Pres. at Annual Conf. Australia. 
I.M.M., Apr. 23, 1964, 21 pp. 

9 Carpenter, J. H. The Reichert Cone Sepa- 
rator. Can. Min. and Met. J., v. 59, No. 656, 
December 1966 pp. 1413-1417. 

19 Allen, Alfred C. The Titanate Ceramics, 
5 Industry. V. 87, No. 1, July 1966, pp. 
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and ultrasonic machining. The composi- 
tion and manufacturing process affects the 
dielectric property (ability to store elec- 
trical charge) which makes titanates good 
materials for minature capacitance com- 
ponents. Methods for controlling and 
maintaining raw material purity and par- 
ticle size and improving the processing of 
titanate capacitors were discussed in 
another report.“ 

The properties and growing use of tita- 
nium carbide metal cutting tools were de- 
scribed in a number of reports. The ad- 
vantage of titanium carbide cutting tools 
was attributed to their resistance to high 
temperature, which makes them suitable 
for use at higher cutting speeds. Titanium 
carbide is susceptible to breaking under 
impact during discontinuous cutting, 
hence, under current technology titanium 
carbide cutting tools are limited to fairly 
light cutting conditions such as encoun- 
tered in finishing or semifinishing. The 
Ford Motor Co. was developing two grades 
of titanium carbide for roughing cuts.” 

According to tests made by Adamas Car- 
bide Corp., titanium-carbide-faced dies for 
stamping electronic-switch vibrating reeds 
out of 52 alloy nickel were almost twice as 
efficient as one grade of tungsten carbide.!? 

Titanium carbide made by a new vapor 
deposition process also was formed into 
tubing, cylinders, and rectilinear shapes for 
use as high-temperature bearings, guides 
for textiles and synthetics, pitot tubes, 
abrasive fluid transport, sand blast and 
injection nozzles, and valve seats.!* 

The decrease in toughness of pure tita- 
nium carbide at high temperatures was 
reduced by the addition of a few tenths of 
a percent of boron. Mixtures of titanium 
carbide and aluminum powder compacted 
by explosive and mechanical compaction 
were compared.!5 Differences in room tem- 
perature properties were largely eliminated 
by immersing the compacts in molten 
aluminum. However, the explosive bonded 
compacts retained higher strength at ele- 
vated temperatures than the pressed com- 
pacts. 


Metal.—Detail of the new electrolytic 
process to produce titanium metal, which 
will account for part of the 6,000-ton-per- 
year expansion of TMCA's Henderson, 
Nev., titanium sponge metal plant were 
not disclosed. However, two patents con- 
cerning the design and operation of elec- 


11 Hyatt, E. P. 
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trolytic cells for reducing titanium tetra- 
chloride to titanium metal were assigned 
to TMCA." The bulk of titanium metal 
produced by TMCA was made by the re- 
duction of titanium tetrachloride with 
magnesium. 

Oregon Metallurgical Corporation con- 
tinued expansion of its new titanium 
sponge metal plant at Albany, Ore., which 
reportedly utilized a new patented process 
for removing impurities from the sponge.“ 
In this process the titanium sponge metal 
resulting from the reduction of titanium 
tetrachloride with magnesium metal is 
heated in the presence of a stream of inert 
gas. The contaminants, consisting princi- 
pally of magnesium chlorides, are evapo- 
rated, carried in the stream of inert gas, 
and separated from the gas by condensa- 
tion. 

The process to make titanium metal 
used by Reactive Metals Inc. at Ashtabula, 
Ohio, was described in a report.!“ Reactive 
used sodium metal to reduce titanium 
tetrachloride in a two-step process, the first 
of which involves continuous reaction be- 
tween sodium and titanium tetrachoride 
to yield titanium dichloride. The dichlo- 
ride is subsequently reduced with addi- 
tional sodium to titanium metal in a batch 
process. 

Large heat-treated titanium alloy plates 
were required for fabrication tests related 
to development of the supersonic transport 


and H. R. Laird. Dielectric 
Titanate Body Improvement. Am. Ceram. Soc. 
Bul., v. 45, No. 5, May 1966, pp. 541—544. 

12 Iron Age. TiC: A New Era in Cutting 
Tools. v. 198, No. 24, Dec. 15, 1966, pp. 57-60. 

13 Product Engineering. Brazed-on  Facings 
Improve Tool Life. v. 37, No. 26, Dec. 19, 
1966, p. 146. 

14 American Metal Market. Teeg Makes Ti- 
tanium Carbide Tubes by & New Vapor De- 
position Process. v. 73, No. 210, Oct. 28, 
1966, p. 11. 

15 William, W. C. Dispersion Hardening of 
Titanium Carbide by Boron Doping. Trans. 
AT s v. 236, No. 2, February 1966, pp. 211- 
16 Bergmann, O. R. Aluminum-Bonded Tita- 
nium Carbide Cermets. Am. Ceram. Soc. Bull., 
v. 45, No. ", July 1966, pp. 639—642. 

17 Priscu, John C. (assigned to Titanium 
Metals Corporation of America). Electrolytic 
Cell for the Production of Titanium Metal. 
U.S. Pat. 3,282,822, Nov. 1, 1966. 

Snyder, Linden E. (assigned to Titanium 
Metals Corporation of America). Electrolytic 
Production of Titanium. U.S. Pat. 3,274,083, 
Sept. 20, 1966. 
` 18 Shelton, Stephen M., Henry G. Poole, and 
Allen D. Abraham (assigned to Oregon 
Metallurgical Corporation). Purification of 
Contaminated Reactive Metal Products. U.S. 
Pat. 8,856,491, Dec. 5, 1967. 

19 Chemical Engineering. Sodium Proves 
Cheap Key To Unlock Titanium. v. 74, No. 
21, Oct. 9, 1967, pp. 126-128. 
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(SST) and other advanced aircraft. United 
States Steel Corp. produced a 1-inch-thick 
plate, 512 inches long and 64 inches wide, 
and a 0.75-inch-thick plate 521 inches long 
and 67 inches wide. Bethlehem Steel Corp. 
produced five, 0.25-inch-thick plates, 520 
inches long and 74 inches wide. 


Fried Krupp Schmiede and Giesserei, 
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Essen, West Germany, reported that it had 
begun melting titanium ingots 1 meter in 
diameter, 3.5 meters long, and weighing up 
to 10 tons. The ingot size was believed to 
be the largest cast in titanium and was 
produced in a fully automated high-vac- 
uum electric arc furnace drawing 36,000 
amperes. 


Tungsten 


By Richard F. Stevens, Ir.“ 


The tungsten industry during 1967 
was marked by higher and relatively 
stable prices which encouraged the open- 
ing or reopening of several idle mines 
in the free world. 

Although domestic demand for tungsten 
fell approximately 23 percent from the 
record high reached in 1966, the result- 
ing level was high compared with other 
years. The major reasons for this 
rate of consumption, primarily in the 
form of tungsten carbide, were the de- 
mands of the war in Viet-Nam and the 
increased market for snow-tire studs. 
Three major factors influenced the 
improved world tungsten market in 1967: 
The relative price stability that occurred 
as a result of the U.S. Government’s 
stockpile sales policy; the absence of 
significant quantities of tungsten exports 
from mainland China; and the continued 
relatively high level of industrial activity 
in Japan, Western Europe, and the United 
States. 


Legislation and Government Programs. 
—The long-range tungsten disposal pro- 


gram administered by the General Serv- 
ices Administration (GSA) was revised 
in March 1966. The tungsten concentrate 
in the DPA inventory, all of which was 
declared to be excess, was offered for 
sale at $43 per short-ton unit adjusted 
for premiums and penalties, as a “shelf” 
item on a “first-come, first-serve” basis. 
During 1967 some 5.9 million pounds, 
tungsten content, of this material was 
sold by GSA at an average adjusted price 


of $39.46 per short ton unit. In addition, 
GSA sold almost 500,000 pounds, 


tungsten content, to the U.S. Army Mate- 
riel Command at an adjusted average 
price of $32.44 per short ton unit during 
the year. Because this material was to be 
used by a Government subcontractor, 
GSA sold the tungsten concentrate at a 
base price of $35.07 per short ton unit 
rather than the normal $43 per short 
ton unit ($43 less duty of $7.93 per 
short ton unit). Because no restrictions 
on the exportation of this material were 


1 Commodity specialist, Division of Mineral 


Studies. 


Table 1.—Salient tungsten statistics 


(Thousand pounds of contained tungsten) 


1963 1964 1965 1966 1967 
United States: 
Mine production_________.___..__________-- WwW 9,250 
Mine shipmentnn??sss 5,384 8,798 7,566 8,842 8,649 
Releases from Government stockks 418 758 926 8,278 6,393 
At a le WEEN 51 79 11 101 974 
Imports, general . 3, 882 2,737 3,495 4,203 2,004 
Imports for consumption... ... ...... 2l... .. 3,060 3,148 3,618 4,298 1,699 
Consumption of concentrate 11,061 12,311 13.868 *18,058 13 , 860 
Stocks: 
Producer 3,313 580 411 358 975 
Consumer and dealer 2, 934 2,090 1,434 1,582 1.134 
World: Production 59,676 61,924 60,146 64,040 61,862 
Consumption vĩꝛꝛ⁊ꝛʒꝛ eee L LLL ..... 38,191 41.870 44,219 48. 970 38,690 


P Preliminary. r Revised. 


W Withheld to avoid disclosing individual company confidential data. 


! Estimated tungsten content. 


2 Excludes some major consuming countries which do not report consumption. 
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imposed by GSA, approximately 15 per- 
cent of the surplus tungsten purchased 
during the year was shipped by traders 
to foreign consumers. 

Under the amended terms of the 
"shelf" sale purchase program the pur- 
chaser is now allowed 365 days in which 
to pick up and transfer this material 
from Government storage sites to his 
own warehouse. Because of this, some 
of the material reported as being released 
from Government inventory has not been 
physically moved, and, therefore, is not 
completely reflected in the statistics of 
industry stocks reported in table 1. 

GSA released 72,595 pounds of tungsten 
in concentrate from the DPA inventory 
to the Molybdenum Corporation of 
America (Molycorp) in 1966 as payment- 
in-kind for the conversion and upgrading 
of Government-furnished columbium con- 
centrates to ferrocolumbium. During 1966 
excess pig tin from the DPA inventory 
was released as payment-in-kind to 
Molycorp for the conversion of Govern- 
ment- furnished tungsten concentrates in 
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the national (strategic) stockpile to 148,- 
300 pounds, tungsten content, of ferro- 
tungsten. 


A revised national stockpile special 
instructions for tungsten metal powder 
(hydrogen—reduced), SI-89-R-2, was pre- 
pared during 1966 which provided new 
instructions to GSA regarding acquisition, 
storage, and disposal criteria for this 
material. 


Early in 1967 GSA issued bid solicita- 
tions on two contracts for converting 
tungsten concentrates in the Government’s 
strategic stockpile into 250,000 pounds, 
tungsten content, of hydrogen-reducéd 
metal powder and into 350,000 pounds, 
tungsten content, of crystalline tungsten 
carbide powder. The conversion contract 
for hydrogen- reduced tungsten metal 
powder was awarded to the General 
Electric Co. which will receive pig tin 
from the DPA inventory as payment-in- 
kind. The bid solicitation for the con- 
version to crystalline tungsten carbide 
was canceled. 


Table 2.—U.S. Government tungsten materials inventories and objectives 
(Thousand pounds, tungsten content) 


Material 


Tungsten ore and concentrate: 

Stockpile grade . 

Nonstockpile grade___ 
Ferrotungsten: 

Stockpile grade 

Nonstockpile grade d.. 
Tungsten metal powder, hydrogen reduced: 

Stockpile gradee d. 

Nonstockpile grade 
Tungsten metal powder, carbon reduced: 

Stockpile gradude dd] 

Nonstockpile grade 33% ˙¾ EE 
Tungsten carbide powder: 

Stockpile gradeeddd LLL... 

Nonstockpile grade 
Tungsten carbide, crystalline: 

Stockpile grade__....__.____-...-.-.---.---- 


Inventory by program, 
Dec. 31, 1967 


Objective — — ————-— Total 
National Supple- 
(strategic) DPA mental 
stockpile stockpile 
35,785 167,823 47.776 3,352 118,951 
eee ee! 46,723 15,328 1,153 63,204 
1,800 1:509. ex Danna 1,503 
EN 638 oni dc 638 
1,600 LOTT AA 1,077 
1 14 Bets "P 14 
500 499. uros. 8 499 
DRM 171 MR EE 171 
2,000 869 1,080 0 1,949 
3 63 TEM ME 63 
1 100. weet Bebe. ame. estan 


1 Includes 277,169 pounds, tungsten content, reserved for upgrading. 


DOMESTIC PRODUCTION 


Ore and Concentrate.—As a result of 
the Government’s continuing disposal pro- 
gram, tungsten prices remained high and 
stabilized during 1967 and stimulated 
domestic mine production. Production as 
measured by mine shipments increased 2 


percent. The stabilized tungsten market 
and the abzencc of significant amounts of 
tungsten concentrates from mainland 
China prompted the reactivation of 
several mines and the opening of at least 
one new mine. Of the 49 domestic mines 


TUNGSTEN 


which reported production and/or ship- 
ments of tungsten concentrates during 
1967, only the Pine Creek mine of the 
Mining and Metals Division of Union 
Carbide Corp., near Bishop, Calif., and 
the Climax mine of Climax Molybdenum 
Co., a division of American Metal Climax, 
Inc. near Leadville, Colo., were operated 
continuously. Both of these mines ob- 
tained tungsten as a coproduct or by- 
product. At Pine Creek, tungsten was the 
main metal value recovered along with 
minor amounts of molybdenum, copper, 
and gold. At Climax, molybdenum was 
the main metal value recovered while 
tungsten, tin, and pyrite were recovered 
as byproducts. 

Intermittent tungsten production and 
shipments were also reported from Pima 
County, Ariz.; Fresno, Inyo, Kern, Madera, 
Riverside, San Bernardino, Tulare, and 
Tuolomne Counties, Calif.; Boulder and 
Lake Counties, Coio.; Custer and Valley 
Counties, Idaho; Beaverhead, Deer Lodge, 
and Silver Bow Counties, Montana; 
Churchill, Nye, and Pershing Counties, 
Nevada; Emery County, Utah; and 
Okanogan County, Wash. Because of the 
high elevation at some of these operations, 
production was limited to about 6 months 
per year when the mining areas were 
clear of snow. 

Ranchers Exploration and Development 
Corp., Albuquerque, N. Mex., obtained an 
option from the Howmet Corp. to purchase 
the former Hamme tungsten mine near 
Henderson, N. C. This mine which con- 
tains proven and probable reserves of 
about 1 million tons of WOs ore, was 
closed February 14, 1963, and allowed to 
fill with water. Since the mill facilities 
were sold at auction, new milling equip- 
ment must be acquired and the mine is 
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not expected to go onstream until late 
1968. 

Minerals Engineering Co. announced 
that, with assistance from the General 
Electric Co., it would reopen its Calvert 
Creek tungsten mine in Montana. In 
connection with this operation, the capac- 
ity of the mill will be increased to 250 
tons per day (tpd) and a chemical plant 
will be constructed to process the con- 
centrate to ammonium  paratungstate. 
This operation is scheduled to go on- 
stream in 1968 and most of the output 
will be shipped to General Electric. 

Production at the Strawberry tungsten 
mine of the New Idria Mining & Chemical 
Co. near Bass Lake, Calif., which had 
been reopened in mid-1966 after increas- 
ing its mill capacity from 100 to 250 tpd, 
continued to be limited by heavy snows 
to only 5 to 6 months’ operation during 
the year. A highway under construction 
in the area will extend to within 3 miles 
of the mine and permit expansion of the 
present limited operating season. 

A 100-tpd concentrator was constructed 
by the Barrett Investment Co., which 
holds a sublease on the Salmon River 
Scheelite Corp. mine at Thompson Creek 
Canyon, Clayton, Idaho. Full production 
from this reopened mine was scheduled 
to begin early in 1967. Late in 1966, the 
mill, operating at 60 percent efficiency, 
concentrated some tungsten ores which 
were shipped to Union Carbide’s Pine 
Creek mine for further processing. 

W. R. Grace & Co. obtained an option 
to purchase the Silver Hill tin-tungsten 
prospect 4 miles south of Spokane, Wash., 
and conducted exploratory drilling of the 
property. A 150-tpd gravity concentrator 
that was built on the site in 1960 has 
been idle since 1962 but, it is believed 


Table 3.—Tungsten concentrate shipped from mines in the United States 


Quantity Reported value Lob, mines 

Year Short Tungsten Average Average 
tons, 60 Short-ton content Total per unit per 

percent. units (thou- (thousands) of WO: pound of 

WOs WO; 2 sand tungsten 

basis pounds) 

DOGO 5c terc onu E 5,657 339, 402 5,884 $7,202 $21.22 31.34 
; ldd des oe 9,244 554,676 8,798 11,251 20.28 1.28 
1d y 8 7,949 476,979 7,566 13,028 27.32 1.72 
DI METRI 8,912 534,727 8,482 17,620 32.95 2.08 
J%%ö%Ü—d s ⁊ v y 8 9,088 545,269 8,649 20,895 38.32 2.42 


! Values apply to finished concentrate and are in some instances f.o.b. custom mill. 
? A short-ton unit equals 20 pounds of tungsten trioxide (WOz) and contains 15.862 pounds of tungsten. 
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that with a minor amount of repair, the 
milling equipment can be used. 

Buckeye Mining Co., Tulare County, 
Calif., announced plans to reactivate the 
company’s Buckeye tungsten mine and to 
construct a plant to concentrate and 
process tungsten ore. During the year, 
Mines Exploration, Inc., reported produc- 
tion of tungsten concentrates from the 
company’s Atolia tungsten mine, Atolia, 
Calif. 

A new producer, Canyon Mining Co., 
Boulder, Colo., began mining tungsten in 
1966 and operated at a capacity of about 
1,500 short-ton units (approximately 
24,000 pounds contained tungsten) per 
month. 


Metal, Alloys, and Compounds.—Syl- 
vania Electric Products, Inc., formally 
opened a new plant in Towanda, Pa., 
which is one of the largest facilities in 
the world devoted to manufacturing 
tungsten and molybdenum wire and which 
has a capacity to produce fine wire of 
0.00015 inch diameter. 

During the year, the Wah Chang Corp. 
was purchased by Teledyne, Inc. and 
became an operating subsidiary of that 
company. 

M&R Refractory Metals, Inc. completed 
a new $1 million facility in Winslow, N.J., 
for the pyrometallurgical and chemical 
treatment of tungsten, molybdenum, and 
vanadium concentrates. This new facility 
will feed M&R's main plant in Spring- 
field, N.J. which recently more than 
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doubled its reduction facilities for the 
production of tungsten and molybdenum 
powder and pellets. 

During 1967, Firth Sterling, Inc., began 
construction of a new chemical plant at 
West Elizabeth, N.J., to process ore to 
ammonium paratungstate and subsequently 
to hydrogen- reduced tungsten metal 
powder. 

VR / Wesson Division, Fansteel Metal- 
lurgical Corp., announced plans to double 
capacity at its factory in Ferndale, Mich. 
A sintering facility will be installed for 
the manufacture of tungsten carbide in- 
serts, blanks, rods and wear parts. 

The ferroalloy producer, Mercer Alloys 
Corp., expanded its production facilities 
at Greenville, Pa., to include additional 
crushing and screening equipment, reac- 
tion vessels, and induction melting furnaces 
used in the preparation of ferrotungsten 
and nickel-base alloys. 

To provide improved tungsten carbide 
products, Adamas Carbide Corp. com- 
pleted a new quality control laboratory at 
its Kenilworth, N.J., plant. 

The scrap tungsten carbide recovery 
plant of Shwayder Chemical Metallurgy 
Corp., Detroit, Mich., was enlarged to a 
capacity of 1 million pounds annually. 

A new $4 million plant, laboratory, and 
office facility was being constructed by 
Metallurgical International, Inc, New 
Shrewsbury, N.J., to provide additional 
capacity to process tungsten and tungsten 
carbide powder by the company’s cold- 
stream impact process.” 


CONSUMPTION AND USES 


Tungsten carbide (WC) continued to 
represent the major individual end use of 
tungsten and accounted for 43 percent of 
the total consumption. Much of this was 
due to the increasing use of tungsten 
carbide as studs in snow tires, as balls in 
ballpoint pens, and in other wear resistant 
applications. Consumption of ferrotungsten, 
primarily in steels, represented 12 percent 
of the total consumption. 

A unique lubricant commercially avail- 
able from Miniature Precision Bearings, 
Inc., Keene, N.H., utilizes a modified 
0.005-inch-thick, tungsten disulfide (WSz) 
coating which is fusion bonded to solid 
metal surfaces. This increases the service 
life of the coated surfaces by a factor of 
at least three. Because the process in- 


volves no temperature curing it can be 
used on heat-treated components and 
fusion is achieved without the necessity 
of a carrier or adhesive. 

Metco, Inc., Westbury, N.Y., developed 
a commercial plasma flame spraying tech- 
nique with which a self-fusing, self- 
bonding, thin tungsten carbide coating 
could be applied to a variety of substrate 
surfaces. 

Thin-wall, small-diameter tungsten tub- 
ing produced by vapor deposition of tung- 
sten hexafluoride (WFs) and designated 
GE-10, became available on a develop- 
mental basis from the General Electric 
Co., Euclid, Ohio. This tubing, which is 
virtually impossible to form by conven- 
tional fabrication techniques, can be made 
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by vapor deposition in sizes from 0.060 to 
0.750 inch outside diameter and in wall 
thickness from 0.004 to 0.040 inch. 

Union Carbide Corp. developed an in- 
expensive continuous chemical process for 
producing fine tungsten wire which, while 
having the strength of drawn wire, pos- 
sesses sufficient flexibility to allow the wire 
fiber to be woven. This “yarn” material 
is now commercially available. 

Studebaker Corp. and Kennametal, Inc., 
both producers of tungsten carbide studs 
for use in snow tires, announced that 
Kennametal had signed a sublicensing 
agreement with Studebaker to manufac- 
ture tire studs under the original patent 
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assigned to Kovametalli, Helsinki, Finland, 
and licensed to Studebaker. Studebaker 
also announced that it was dismissing 
its patent infringement action against 
Kennametal. 


Several special reviews of tungsten were 
published that discussed and evaluated 
the supply-demand (consumption) pat- 
terns, and the high-temperature aerospace 
applications for this refractory metal? Two 


2 Ruth, John P. Tungsten Section. American 
Metal Market, sec. 2, Jan. 29, 1968, 12 pp. ; 
. Tungsten Section. American Metal 
Market, sec. 2, Mar. 20. 1967, 12 pp.: 
Space Age Metals Section. American 


Metal Market, sec. 2, June 26, 1967, 24 pp. 


Price f.o.b. mines 


1960 1965 


Figure I. Domestic shipments, imports, consumption, and average price of 
tungsten ore and concentrate. 


1970 
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detailed reports on  ferroalloys were 
published that discussed the use of 
tungsten in alloy steels, and included a 
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directory of free world companies in the 
ferroalloy industry, their products, pro- 
grams, and capacities.? 


PRICE AND SPECIFICATIONS 


Throughout most of 1967 the world 
price of tungsten ore and concentrate as 
quoted in the Metal Bulletin (London) 
and in Metals Week remained near the 
GSA sales price of $43 per short-ton unit. 
This sales policy had the effect of stabiliz- 
ing the tungsten price which previously 


essed from GSA material reportedly sold 
for about $48.75 per short-ton unit. 

The quoted prices of tungsten products 
increased only slightly during the year, 
reflecting the stable price of the concen- 
trate starting material. Carbon-reduced 
tungsten metal powder (99.8 percent in 


had been subject to extremely wide 1,000-pound lots) continued to be quoted 
fluctuations. at the 1962-66 price of $2.75 per pound 
In the United States the price of by Metals Week. The quoted price of 


tungsten ores and concentrate, 65 percent 
tungsten trioxide (WOs), as quoted in 
Metals Week continued to remain at $43 
(nominal) per short-ton unit, duty in- 
cluded, throughout the year. This price 
reflected the GSA “shelf” sales price an- 
nounced March 9, 1966. There continued 
to be no quotations on tungsten concen- 
trate produced domestically during the 
year. Quotations of the price of foreign 
concentrates, c.i.f. U.S. ports, 65 percent 
WOs basis, duty ($7.93 per s.t.u.) extra, 
which were discontinued in mid—March 
1966 were also not reported in 1967. 

The price of ammonium paratungstate 
delivered to contract customers ranged 
from $38 to $46 per short-ton unit during 
1967 while ammonium paratungstate proc- 


hydrogen-reduced tungsten metal powder 
(99.99 percent) increased from $4.38 
to $5.22 at the beginning of the year to 
$4.60 to $5.44 per pound at yearend. The 
domestic price of ferrotungsten sold by 
merchants was essentially unchanged dur- 
ing the year and ranged from $3.30 to 
$3.50 per pound of contained tungsten (in 
lots of 5,000 pounds or more, !4-inch 
lump, packed, f.o.b. destination, con- 
tinental United States, 70 to 80 percent 
tungsten). UCAR, Union Carbide's high- 
grade ferrotungsten, continued to be $2.03 
per pound throughout the year. 


3 Metal Bulletin. Ferro-Alloys, A Metal Bul- 


letin Special Issue. London, July 1966, 158 pp. 
Metals Week. Ferro-Alloys - Review and Out- 
look. V. 38, No. 7, Feb. 13, 1967, pp. 13-36. 


Table 4.— Production, shipments, and stocks of tungsten products in the United States 


(Thousand pounds of contained tungsten) 


Hydrogen- Tungsten 
and carbide powder 
carbon- Made Chemicals Other! Total 2 
reduced from Crushed 
metal metal cast 
powder powder 
1966: 
Received from other producers 5,304 100 16 4,975 1,798 12,193 
Gross production during year......... r10,669 5,740 1,485 13,164 3,867 1 34,925 
Used to make other products listed here. *7,140  ..... * 11,139 1,535 r19,814 
Net production 3,529 75,740 1,485 2,025 2,932 115,111 
Shipments 33 8,883 r 5,780 1,713 6,971 4,308 27,655 
5 ge EES stocks, December 311 2,160 r 294 23 1,415 768 r 4,660 
1967: a 

Received from other producers 4,953 48 5,439 1,624 12 ,063 
Gross production during year......... 9,256 5,549 1,256 11,606 3,243 30,910 
Used to make other products listed here. 6,725 5 = 10,246 1,334 18,306 
Net porodueton 2... - „531 5, 549 1,256 1,360 1,908 12,604 
Shipments 33. 7,487 5,690 1,259 6,436 3,252 24,124 
Producer stocks, December 3111 2,125 201 18 1,777 1,047 5,168 


r Revised. 

1 Includes ferrotungsten, tungsten carbide powder (crystalline), scheelite (produced from scrap), nickel- 
tungsten, self-reducing oxide, pellets, and scrap. 

2 Data may not add to totals shown because of independent rounding. 

3 Includes quantities consumed by producing firms for manufacture of products not listed here. 


TUNGSTEN 1153 


A report, submitted as a doctoral thesis, | mended the elimination of the U.S. import 
was published that discussed the economic duty as a method of stabilizing the price 
implications behind the price fluctuations of tungsten. 
of tungsten í A second report recom- 


4 Barbier, Claude. La Fonnation Du Prix Du 1966, 294 pp. 
Tungstene Sur Le Marche Mondial (The Forma- 5 Belous, Walter T. The Tungsten Price 


tion of the Price of Tungsten on the World Problem. M.B.A. Thesis, New York Univ., 1967, 
Market). University of Paris, Paris, France, 121 pp. 


Table 5.—Consumption of tungsten products, by end uses, in the United States in 1967 
(Thousand pounds, contained tungsten) 


Ferro- 

tungsten 

melting- 

base- Carbon Hydro- Tungsten Scheelite Scrap 

self- reduced gen carbide Chem- (natural and Total * 
reducing tung- reduced powder? icals or syn- other 


tungsten, sten tungsten thetic) 
tungsten- powder ! powder 2 
sponge 
mix, etc. 
Steel: 
High-speed steel 793 NN Daai = 8 659 189 1,641 
Hot-work- tool steel 168 „%%% ‚ TV = 417 18 608 
Orr kaoees toat 7 FF Kee 321 w 328 
Alloy (other than tool 
steel) NNNM 455 (6) (6) 57 Ge 27 116 655 
Gray and malleable castings. 10 E — ee des MEE 40 50 
High-temperature nonfer- 
rous alloys ) 104 434 30 (8) DE 118 225 913 
Other nonferrous alloys 8... 22 9 101 207 10 W 51 400 
Tungsten metal: Wire, rod, 
sheet, other Carbides: (6) 3 1,681 29 4 NEP (6) 1,718 
Cemented and sintered. ..... SE 521 4,009 zw e 91. 4,621 
Other “eens 250 284 471 atte? ROSSA 211 1,217 
Chemicals 10000 "S W X 164 . ..... "e 164 
Unspecified............... 71 51 548 560 63 5 57 1,355 
rr ieosi i 1,631 748 3,166 5,334 240 1,546 998 13,663 
Stocks Dec. 31: 8 338 99 486 808 106 206 475 2,518 
W Tem withheld to avoid disclosing individual company confidential data; withheld data included in un- 
speci e 


1 Includes tungsten metal pellets that may be hydrogen or carbon reduced or scrap. 

? Does not include quantities consumed in making tungsten carbide powder. 

3 Includes tungsten carbide made from metal powder and crystalline and crushed cast. 

* Data may not add to totals due to rounding. 

$ Includes stainless steel and other alloy steel. 

* Less than 1⁄4 unit. 

? Includes cutting and wear resistance materials. 

$ Includes welding rods, alloy hard facing rods and materials, copper and nickel-base alloys, metal to glass 
seal materials, electrical contact materials, electrical resistance alloys, and anodes. 

? Includes diamond bit matrices or abrasives, hard facing rods and materials and cast carbide dies or parts. 

1€ Includes inorganic and organic pigments fluorescent powder, catalysts, and other (specify). 


Table 6.—Monthly price quotations of tungsten concentrate in 1967 


London market, shillings 
per long-ton unit of WO; Equivalent quotation, dollars per 


Month 60 percent basis short-ton unit of WO; 
Wolfram and Scheelite 
Low High Low High Average ! 
January........ . PD oet 330s 362 Lan $41.25 $45.31 $43.28 
February; sus, cue 352 1⁄4 362 V5 44.06 45.31 44.68 
Mure dpd Sus cA 342% 362% 42.81 45.31 44.06 
AD eee 220 ee 325 50 40.63 43.75 42.19 
NN Gan as acters . ent eee EE 325 362 14 40.63 45.31 42.97 
JJ·Ü¹l soci RO aus DE e cR ES 355 377% 44.38 47.19 45.78 
July S los yx ae i etn E E ane 365 377% 45.63 47.19 46.41 
AUQUAL ⁵ĩ˙i 8 315 375 39.38 46.88 43.13 
September 315 34714 39.38 43.44 41.41 
ee, ß aE AAA 325 352 1⁄4 40. 63 44.06 42.34 
November: 2.4 coo tier eet 8 345 2 405 43.13 43.41 43.27 
P ee ee 88 2 40214 2 422 1⁄4 43.14 45.28 44.21 


5 average of weekly quotations. Average price $43.64; duty $7.93; average price, duty paid, 
5 
2 Result of devaluation of the pound (£) from equivalent of $2.80 to $2.40 by United Kingdom. 
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FOREIGN TRADE 


Exports of tungsten concentrate during 
1967, primarily to the Republic of South 
Africa (25 pecent), the Netherlands (24 
percent), Japan (16 percent), and the 
United Kingdom (13 percent), increased 
substantially and represented material 
purchased from the GSA stockpile. Be- 
cause official tungsten concentrate export 
statistics are reported only in gross weight, 
the tungsten content was estimated by 
multiplying the gross weight by a factor of 
0.516 equal to 0.65 (to convert from 65 
percent WO,s basis) times 0.7931 (to 
convert from WOs to W basis). Reexports 
of tungsten ore and concentrate totaled 
538,917 gross weight valued at $576,016 
and were destined primarily for the United 
Kingdom (46 percent), Belgium and 
Luxembourg (31 percent), and Japan (23 
percent). Ferrotungsten exports are no 
longer separately classified and data on 
these exports are not available. 

Exports of unwrought tungsten metal 
and alloys in crude form, waste, and scrap, 
primarily to West Germany increased sub- 
stantially in 1967 to 671,129 pounds 
gross weight, valued at $8°0,482 from 
the 196,005 pounds (gross weight) 
valued at $222,643 reported in 1966. 
Tungsten and tungsten alloy powder total- 
ing 51,178 pounds gross we'ght valued at 
$236,515 was exported primarily to West 
Germany (45 percent) and Canada (20 
percent) in 1967 compared with 40,021 
pounds gross weight valued at $178,466 
exported in 1966. 

Tungsten and tungsten alloy wire ex- 
ports, primarily to Canada (30 percent), 
Italy (29 percent), and Mexico (13 per- 
cent), increased to 36,450 pounds, gross 
weight, valued at $1,207,681, compared 
with the 30,264 pounds valued at 
$1,049,338 reported in 1966. Exports of 
wrought tungsten in 1967, primarily to 
Canada (39 percent), West Germany (22 
percent), and France (11 percent), de- 
creased to 44,310 pounds, gross weight, 
valued at $645,094 from the 55,237 
pounds valued at $649,087 exported in 
1966. 

During the year general imports of 
tungsten concentrate decreased 48 percent 
and imports for consumption decreased 
60 percent. As in the previous 3 years, 
there were no duty-free imports of tungsten 
ore and concentrate for the U.S. Govern- 
ment in 1967. 


Imports of tungsten carbide during the 
year primarily from West Germany (32 
percent), Sweden (31 percent), and 
Canada (25 percent), decreased to 1,766 
pounds, tungsten content, valued at $9,368 
from the 1966 imports of 3,768 pounds, 
tungsten content, valued at $16,970. 

While there were no imports of semi- 
fabricated tungsten in ingots and shot in 
1967, 20,100 pounds valued at $69,158, 
all from West Germany, was imported 
under this category in 1966. 

Imports of tungsten waste and scrap 
containing over 50 percent tungsten de- 
creased during the year and totaled 
123,853 pounds, tungsten content, valued 
at $246,329, compared with the 244,085 
pounds, tungsten content, valued at 
$363,077, imported in 1966. In 1967 this 
material came primarily from the Nether- 
lands (23 percent), the United Kingdom 
(18 percent), France (14 percent), West 
Germany (12 percent), Brazil (9 percent), 
and Sweden (8 percent). 

In 1967, imports of unwrought tungsten 
in lump, grains, and powder fell sub- 
stantially to 8,932 pounds of contained 
tungsten valued at $54,169 from the 1966 
figures of 47,255 pounds, tungsten content, 
valued at $153,355. These imports came 
primarily from Sweden (83 percent) and 
France (11 percent). 

Imports of wrought tungsten during the 


year totaled 5,222 pounds valued at 
$275,947 primarily from Austria (50 per- 
cent), Japan (31 percent), and the 
Netherlands (14 percent). While the 


amount of these imports decreased sub- 
stantially from the 39,790 pounds reported 
in 1966, the value was approximately 1.5 
times greater than the $182,302 reported 
in 1966. This discrepancy was caused 
primarily by imports from the Netherlands 
which reportedly had an extremely high 
average value of almost $300 per pound. 

During 1967, 10,731 pounds, tungsten 
content, of calcium tungstete valued at 
$77,884 was impcrted from the United 
Kingdom and West Germany. This rep- 
resented a decrease from the 16, 199 
pounds, tungsten content, valued at 
$104,160 from the same sources reported 
in 1966. 

Imports of material classified as “Other 
Metal-Bearing Materials in Chief Value 
Tungsten," during the year totaled 73,998 
pounds, tungsten content, valued at 
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$59,448 and believed to represent 
primarily synthetic scheelite, were obtained 
from South Korea (85 percent), and 
Japan (15 percent). Imports under this 
classification in 1966 totaled 168,609 
pounds, tungsten content, valued at 
$189,993 from South Korea (94 per- 
cent) and Portugal (6 percent). 

There were no imports of foreign tung- 
sten concentrate into the Virgin Islands or 
shipments of processed tungsten products 
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from the Virgin Islands to the continental 
United States in 1967. 

In accordance with the Kennedy Round 
Tariff Negotiations which were completed 
during the year, the import duties on all 
forms of tungsten were to be reduced in 
stages by 50 percent over the 5-year period 
1968-72. The reduced duties which be- 
came effective January 1, 1968, in the 
first stage of these tariff reductions are 
reported in table 12. 


Table 7.—U.S. exports of tungsten ore and concentrates, by countries 


(Thousand pounds and thousand dollars) 


1966 1967 
Country Gross Estimated Gross Estimated 
weight tungsten Value weight tungsten Value 
content content 

r erer (1) (J) SL 0 ue dad 

Belgium-Luxembourg. .................. Site Me zo 107 55 $161 

Canadas. kee eit Bo D aL sus ER ae EEN 16 13 

LR det 119 61 98 153 79 247 

Germany, Wess 48 25 62 127 66 262 

DADE c2 lu sait uc c EC i d 2 1 9 304 157 393 

Netherlands m Se c 458 236 749 

South Africa, Republic of PEN 2 8 a 477 246 744 

SEVERE PENES 1 (QU... 2 X3 Linee Sis; | ue ads 

United Kingdom 26 14 51 246 127 363 

d Ne d EE 196 101 223 1,888 974 2,932 

1 Less than 14 unit. 
Table 8.—U.S. imports ! of tungsten ore and concentrates, by countries 
(Thousand pounds and thousand dollars) 
1966 1967 
Country 
Gross Tungsten Value Gross Tungsten Value 
weight content weight content 

AUStFA IE xp car Lace Ei or 784 455 $1,069 336 195 $508 
BOUVIAa ae ee o˙re EEE 1,211 680 937 156 90 206 
Fl! ³ð³i ³ð ³ Ea R Ea 55 32 Al gases ̃ 266% 
Burundi and Rwanda 66 35 DC seas ë bonos «wee 
PPPVfff . y r yale EE 1,772 996 1,076 739 463 871 
Congo (Kinshasa). ............. 222.2. 2.2. -. 167 90 145 132 68 138 
Hong Kong ved s ME 11 6 10 e625, „ 
Korea, South... be ee ee 8 756 430 686 560 316 639 
EE E Lc 2. ³³ yd sd E 124 71 96 23 12 16 
Netherland Ut 99 58 8b | ..... Dewan nu ass a 
New ...... x  ----- 20 11 35 
Peruse scola ee ⅛˙Üwc-r pd 5m ett S ES 1,059 606 1,207 635 369 848 
Portugal... mic cese i re e 851 500 1,022 806 480 1,175 
SSS V/ Vn/ſ S Y I. ns eene 8 4 2 Me) aeai K 
United Kingdom: 415 239 346 ` c Ce adess 
Total: EE 7,374 4,200 6,786 3,407 2,004 4,436 


1 Data are general imports” that is, they include tungsten imported for immediate consumption plus ma- 


terial entering the country under bond. 


2 Represents transshipment, rather than country of origin. 
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Table 9.—U.S. imports for consumption of tungsten ore and concentrates, by countries 


(Thousand pounds and thousand dollars) 


1966 1967 
Country — n s RTwA— 2: — M —— 
Gross Tungsten Value Gross Tungsten Value 
weight content weight content 

Air ee cid 33 17 $94. sz: Seed EL. 
Aüstráli 3 e ocn e uncut ee mL 1,089 632 1,256 296 172 $445 
bueren 1,038 62 871 156 90 206 
III y ³ÄAA 8 55 32 AT uean ë Gaah Ondas 
in d 26 14 ///; a onied 
Burundi and Rwanda 66 35 Dd. eaa. K 
ECU: « ¹!l e mym te es hot Mare ba SSE 2,040 1,087 1,209 739 463 871 
Congo (Kinshasa) __________-__._-______.---.- 178 96 152 132 68 138 
Hong Kong... a. nw ð 8 11 6 IO aesae eee 
Korea, South... ` 222222 2222 lll Lll lll 534 307 405 60 34 50 
Mi A N N E AE 144 73 149 23 12 16 
Netherlands 1___ ð e 48 29 JJ Maa e reek 
Nh eee ieee IN aea Le 20 11 35 
7 E crea eg ĩ ͤ d ĩ 1,059 606 1,207 635 369 848 
Portugal........... J HCM 851 500 1,022 806 480 1,175 
S ÜÜ¹’⁵ir³ d ecu mt fes ee 4 2 ))) 
United Kingdom iii 415 239 340. em 8 
S fob bec as et ase ee tees 7,591 4,298 6,859 2,867 1,699 3,784 


1 Represents transshipments, rather than country of origin. 


Table 10.—U.S. imports for consumption of ferrotungsten, by countries ! 


(Thousand pounds and thousand dollars) 


1966 
Country 
Gross Tungsten Value 
weight content 
I; ³⁰Ü¹'1iwliiũ M Sa, Une m uapa Ei EU MU 291 233 $362 
PON CC EE NL ee 79 64 148 
United id 8 102 82 186 
z d Ge oh tie hs crea ee 472 379 696 


1 No transactions in 1967. 


Table 11.—U.S. imports for consumption of tungsten or tungsten carbide forms 


(Thousand pounds and thousand dollars) 


Ingots, shot, Wire, sheets, 


bars, and scrap or other Total 
Year forms, n.s.p.f. 
Quan- Value Quan- Value Quan- Value 
tity tity tity 
1960 yyy G 61 883 26 $176 87 3259 
hh ³ A eee ae eL 292 432 r 49 1 208 1341 1 640 
1 ³ðA‚ĩ K ĩ 8 138 246 5 277 143 523 


Tariff 


classifica- 


tion 


601. 
603. 
607. 
629. 
629. 
629. 
629. 
629. 
629. 
629. 


629. 
416. 


417. 
418. 
420. 
421. 
422. 


422. 
423. 


54 
45 
65 
25 
26 
28 
29 
30 
32 
33 
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Table 12.—U.S. import duties 


(Per pound contained tungsten) 


Articles 


Tungsten ore (tungsten content)... 


Other metal bearing materials in chief value tung- 
sten (tungsten content). 
Ferrotungsten (tungsten content)............... 


Waste and scrap containing by weight not over 50 
percent tungsten (tungsten content). 

Waste and scrap containing by weight over 50 per- 
cent of tungsten (tungsten content). 

Unwrought tungsten, except alloys, in lump, grain, 
and powder (tungsten content). 

Unwrought tungsten ingots and shot (tungsten 
content). 

Unwrought tungsten, n.e.c. (tungsten content)... 


Tungsten alloys, unwrought, containing by weight 
not over 50 percent tungsten (tungsten content). 
Tungsten alloys, unwrought, containing by weight 
over 50 percent tungsten (tungsten content). 
Wrought tungsten (tungsten content)... 
Tungstic acid (tungsten content)--------------- 


Ammonium tungstate (tungsten content)........ 
Calcium tungstate (tungsten content)__________. 
Potassium tungstate (tungsten content) 
Sodium tungstate (tungsten content 
Tungsten carbide (tungsten content)........ . 
Other tungsten compounds, n.e.c. (tungsten con- 
tent). 
Mixtures of two or more inorganic compounds in 
chief value tungsten (tungsten content). 


! Not applicable to Communist countries. 
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Rate of duty ! 


Through 
Dec. 31, 1967 


$0.50 per pound 
tungsten (W). 

$0.42 plus 20 percent 
ad valorem. 

$0.42 plus 12.5 per- 
cent ad valorem. 


21 percent ad 
valorem. 

$0.42 plus 25 percent 
ad valorem. 

21 percent ad 
valorem. 

25.5 percent ad 
valorem. 

$0.42 plus 12.5 per- 
cent ad valorem. 

25.5 percent ad 
valorem. 


do 
$0.42 plus 20 per- 
cent ad valorem. 


$0.42 blus 25 per- 
cent ad valorem. 

$0.42 plus 20 per- 
cent ad valorem. 


WORLD REVIEW 


Effective 
Jan. 1, 1968 


$0.45. 


$0.375 plus 18 per- 

cent ad valorem. 

$0.378 pus 11 per- 

cent ad valorem. 
Do. 


18.5 percent ad 
valorem. 

$0.37 plus 22.5 per- 
cent ad valorem. 

18.5 percent ad 
valorem. 

22.5 percent ad 
valorem. 

$0.378 plus 11 per- 
cent ad valorem. 

22.9 percent ad 
valorem. 


Do. 
$0.37 plus 18 per- 
cent ad valorem. 
Do. 
Do. 
Do. 


Do. 
$0.378 plus 22 per- 
cent ad valorem. 
$0.37 plus 18 per- 
cent ad valorem. 
Do. 


The eight-member Working Group of 
the United Nations (U.N.) Committee on 
Tungsten met in New York City early in 
1967 to prepare a report on the prevailing 
tungsten situation. The Working Group, 
consisting of representatives of Australia, 
Austria, Bolivia, Portugal, South Korea, 
Sweden, the United States, and West 
Germany, also reviewed the U.N. statistical 
bulletin, Tungsten Statistics," which be- 
came available for general distribution on 
a quarterly basis in the fall of the year. 
Interested parties desiring to receive this 
publication should request it from the 
United Nations Committee on Trade 
and Development (UNCTAD), Distribu- 
tion Section, Palais des Nations, Geneva, 
Switzerland. During September a meeting 
was held in Geneva to resolve problems 


associated primarily with tungsten con- 
sumption statistics. This meeting was at- 
tended by representatives and technical 
advisors from Australia, Austria, Canada, 
France, Italy, the Netherlands, Peru, 
Poland, Portugal, South Korea, Sweden, 
the United States, and West Germany. 


Australia.—King Island Scheelite 
(1947) Ltd., on King Island approxi- 
mately 50 miles northwest of Tasmania, 
continued an economic study on deepening 
its open pit operation compared with 
underground mining of the scheelite de- 
posits which extend to a depth of 110 
feet or more below sea level. Continued 
exploration confirmed the existence of 
some 1 million tons of additional scheelite 
ore containing approximately 1 percent 
WOs. 
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Table 13.—World production of tungsten ore and concentrate, by countries ! 


(Thousand pounds of contained tungsten) ? 


Country 


North America: 


United States (shipment) 
South America: 
Argentina EE 


AN, d WEE 
South-West Africa, Territory of... 
.; ³oð?.¹i. y 8 


I ͥͤ³ͤAͥ̃⁰¹ĩ⅜⅛i˙·˙¾] mmm se eS te 

Hi; ³ K ⁵ĩð ren et a or 
Oceania: 

Ke ĩ˙Ä˙Üĩ ³˙ ͤi1öᷣÄvÄ᷑ꝛꝛ ee Sis aq oss 


e Estimate. P Preliminary. 


NA Not available. 


1963 1964 1965 1966 1967 » 
p 840 2,964 3,318 NA 
SC, 9 88 
192 150 214 

5,384 8,798 7,566 8,482 8,649 
174 64 152 174 236 
2,900 2,106 1,912 3,760 8,494 
582 402 402 420 628 
542 676 836 762 564 
234 110 206 144 252 
1,698 1,854 1,724 2,096 2,428 
154 40 46 102 166 
11,000 11,400 12,600 13,000 13,600 
212 244 224 198 116 

14 156 288 432 340 

228 198 178 186 NA 
f ˙ Ee 7 50 
2. Boru. 50 74 84 

780 600 360 240 200 
23, 600 21,400 17,600 17,600 17,600 
816 910 758 724 862 
4,200 4,200 4,720 4,720 4,720 
5,798 5,698 4,698 4,580 4,464 
Sete, Geeta 8 25 
216 452 580 586 974 
1,706 1,768 2,090 2,922 2,108 
59,676 61,924 60,146 64,040 61,862 


! France, Sweden, and Yugoslavia are no longer tungsten producers. In addition the following countries also 
produce tungsten (only 1 to 15 short tons of contained tungsten yearly each): India, Hong Kong, Italy, Nigeria, 
Republic of South Africa, Southern Rhodesia, and New Zealand. 

2 Conversion factors: W to WO; equals 0.7931; in converting 60 percent WO; concentrate to W, multiply 


by 0.4758. 


3 Only producer was shut down in December 1966 and was reopened in December 1967. 
4 Total is of listed figures only; no undisclosed data included. 


Storeys Creek Tin Mining Co. continued 
to recover wolframite and coproduct cas- 
siterite at its mine in northeastern 
Tasmania. Approximately 0.5 ton of tin 
concentrate was obtained per ton of tung- 
sten oxide in concentrate recovered. 

The third and smallest producer, Aber- 
foyle Tin, N.L., also of Tasmania, re- 
covered tungsten concentrate as a by- 
product of tin mining. 


Belgium.—Société Général de Belgique 
of Brussels was licensed by Metallurgical 
International, Inc., New Shrewsbury, N.J., 
to use Metallurgical’s **coldstream impact 
process” on a pilot-plant basis and to 
represent Metallurgical International for 
tungsten carbide powder conversion sales 
in Europe. 


Brazil.—The demand for tungsten both 
overseas and to meet domestic require- 
ments resulted in increased activities at the 


Borborema area scheelite mines. The 
Brejui mine at Currais Novos produced 
25 to 30 tons of tungsten concentrate con- 
taining 70 percent WO; per month and an 
extension of the Brejui mine at Barre 
Verde produced between 10 and 12 tons 
per month. 


Canada.—Late in December 1966 an 
extensive fire destroyed the Flat River, 
Northwest Territories mill and other 
processing facilities of Canada Tungsten 
Mining Corp. Ltd. (CTMO), the sole 
Canadian tungsten producer. While re- 
construction of the damaged facilities 
began promptly, CTMC was not expected 
to resume production before early 1968. 
All material shipped by CTMC during 
1967 came from accumulated stocks. 


France.—A new tungsten ore mining 
firm, La Société Miniére d'Anglade was 
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Table 14.—World consumption of tungsten ore and concentrate, by countries ! 


(Thousand pounds, tungsten content) 


Country 1963 1964 1965 1966 1967» 
Actual consumption: 
C1JJõö%Odur ᷑½ -m Ee 110 110 110 110 110 
PUB Behe ue ð ð .:.... ite Se 2r 3,454 21 3,909 3,982 4,189 3,140 
Canada. ] ⅛ m; ⅛⁊⅛—.: y 563 286 447 449 45 
)77/õö%ö% 5hmDy eet EE 4,112 4,910 3,236 4,002 4,070 
Portugal EE 246 651 433 34 37 
United Kingdom ? 6,303 27,447 7,515 6,633 4,880 
United States 11,061 12,311 13,868 r 18,058 13,860 
Apparent consumption, including stock variations: 
I eed Duce 2,517 1,846 2,636 3,038 2,320 
S v 1,450 1,549 2,162 2,072 1,350 
Apparent consumption, excluding stock variations: 
Argentina. demie Lc 8 313 r 59 117 147 180 
Belgium- Luxembourg 13 2 44 90 5 
Germany, Wet. 4,024 4,992 6, 266 5,467 4,410 
•ô·Ü˙Ü )) ³»W.0¹ͤ ͤ K 141 106 15 42 45 
Netherlands .... 26 79 319 574 290 
FS ³o wd 8 3, 623 3,124 2, 721 r 3,430 2, 900 
Spalne oeeo ²⁵ . 8 502 139 150 r 194 125 
Fugs dg inn... 88 33 350 198 134 135 
Totül- eere ⁰dm ae ee su r 88,191 r 41,870 44,219 1 48,970 38,690 
p Preliminary. e Egtimate. r Revised. 


! In addition, the following countries are known or believed to consume tungsten but specific data are not 
available: Brazil, Bulgaria, Chile, China (mainland), Czechoslovakia, Denmark, Finland, Germany (East), 
Hungary, India, Israel, Korea (North), Norway, Republe of South Africa, Rumania, Switzerland, and U.S.S.R. 


? Apparent consumption. 
3 Actural consumption. 


Primary source: United Nations Committee on Tungsten. 


recently established in Toulouse for ex- 


decreased as KTMC encountered lower 


ploitation of a scheelite deposit at Salau, grade ore. 

Anége, in southern France. The deposit, ice 

which contains an estimated 500,000 tons Netherlands.— The facilities of the 
Arnhem tin smelter, operated by NV 


of ore averaging about 1.81 percent WO, 
was first discovered in 1962. 


Hollandse Metallurgische Industrie Bil- 
appreciably to 


Sté des Poudres Metalliques et des liton, WEE expanded : 
Alliages Spéciaux Ugine-Carbone, the provide more capacity for the processing 
French producer of tungsten carbide and recovery of tungsten-containing raw 


powder, entered an agreement with Nuove 
Utensileria Italiania (UA) to supply WC 
powder to the Italian company. 


India.—A study of the tungsten occur- 
rences in India indicated that while de- 
posits were scattered throughout the 
country, the major productive deposits 
were located at Rewat Hill northeast of 
Jodhpur, at Agargaon south of Nagpur, 
and at the Chhendapathar Group north- 
west of Calcutta.? The Rewat Hill tungsten 
mine which was recently reopened is ex- 
pected to yield approximately 50 tons of 
66 percent WO; concentrate annually. 

Korea, South.—Production of tungsten 
concentrate by the country's major pro- 
ducer, the Korea Tungsten Mining Co. 
Ltd. (KTMC), primarily from the Sang- 
dong mine (81 percent), the Okbang mine 
(9 percent), the Talsong mine (3 per- 
cent), and the Wollak mine (2 percent), 


materials. During 1967, the metal trading 
company, Grondmet NV, Rotterdam, 
began construction of a smelting plant in 
the port areas of Bergen-op-Zoom to re- 
fine imported tungsten residues and scrap. 


New Zealand.—Although only about 15 
tons of scheelite concentrate was mined 
from deposits in the Glenorchy district of 


Otago Province, the elevated prices during 
1967 stimulated evaluation of the high- 


grade tungsten deposits of this and of 
the Macreas scheelite fields on South 
Island. 


Peru.—Cerro de Pasco Corp. .became 
the major Peruvian tungsten producer 
when its new concentrator and recovery 
unit began operation early in 1967. Built 
at Cerros Mahr Tunnel plant, the new 

6 DeKate, Y. G. Tungsten Occurrences in 


India and Their Genesis. Econ. Geol. V. 62, 
No. 4, June-July 1967, pp. 556-561. 
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facilities process about 5,500 tons of silver- 
containing scheelite ore and recovered 
between 600 and 700 tons of tungsten con- 
centrate per month. Ore is shipped to the 
plant over a 10-mile aerial tramway from 
the San Cristobal mine. Cerro also re- 
covers about 250 tons of wolframite con- 
centrate annually from its Morococha 
mine. 


Portugal.—Beralt Tin and Wolfram 
Limited, the country’s major tungsten 
producer, announced that it was stepping 
up underground mechanization in an ag- 
gressive development p-cgram to ease the 
continual labor problem. 


Rhodesia, Southern.—The Tact schee- 
lite mine operated by Rhodesian Selective 
Development Co. 10 miles north of 
Filabusi produced tungsten at a rate of 6 
tons of scheelite concentrate per month 
when a second five-stamp mill began 
operation in 1967. A second scheelite 
operation, the Killarney mine in Filabusi, 
was reopened early in 1967 and produced 
between 3 and 4 tons of scheelite per 
month. 


South Africa, Republic of.—Carbide 
Diamond Industries, Pty., became the 
country's fourth producer of tungsten 
carbide. Carbide entered into a 10-year 
licensing agreement with Adamas Carbide 
Corp., Kenilworth, N.J., in which Adamas 
will supply building plans, specialized 
equipment, technical aid, and ready: to- 
press tungsten carbide powders. The new 
tungsten carbide plant will be located in 
Cape Town. 
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South-West Africa.—Production of 
tungsten from the Brandberg West tin- 
tungsten mine of the South-West Africa 
Co., Ltd., continued during the year and 
the milled concentrates from this mine 


averaged about 34.20 percent tin and 
18.31 percent WOs. 


Sweden.—A large high-grade scheelite 
deposit was discovered at Elgfalt near 
Kopparberg in Bergslagen province. A 
consortium comprised of Sweden's six 
largest steel producers was formed to 
conduct further exploration. It was ex- 
pected that mining activities would begin 
in late 1967. 


Turkey.—Although tungsten has been 
found in significant amounts in seven areas 
of Turkey, the only tungsten ore body of 
commercial significance was the deposit on 
the southern slopes of Mount Uladag, 60 
miles from Istanbul, which reportedly 
contains approximately 10 million tons of 
scheelite ore averaging 0.42 percent WOs.? 


United Kingdom.—The Hard Metals 
Division, Wickman Wimet Ltd., Coventry, 
a fully integrated producer of tungsten 
carbide powder made from ammonium 
paratungstate, began construction of a new 
metal powder plant in 1967 which will 
allow the company to increase production 
of hydrogen reduced tungsten metal 
powder by 80 percent. Wickman used 
tungsten ores, residues, and reprocessed 
carbide scrap as starting material for the 
production of tungsten metal. 


TECHNOLOGY 


An English language translation of a 
Soviet book on the metallurgy associated 
with rare metals became available which 
described the mineralogy of tungsten, its 
properties and uses, methods of processing 
tungsten concentrates, methods of recover- 
ing and producing metallic tungsten, and 
methods of producing solid tungsten bars 
and sheet materials.“ 

Because tungsten and cobalt are major 
components in several superalloys that 
have been developed for uses requiring 
high-temperature hardness, strength, and 
resistance to oxidation and corrosion, con- 
tinued studies of the tungsten- cobalt 
(W- Co) system were conducted by Bureau 
metallurgists. In one comprehensive in- 


vestigation the W-Co phase diagram was 
refined, the solid solubility of cobalt in 
tungsten was found to be extremely low 
(maximum 0.9 atomic percent (a/o) 
cobalt), and the only intermediate phases 
determined were WeCoz and WCos? A 
second study of this system was conducted 
to determine the oxidation behavior of 


7 Bureau of Mines. Mineral Trade Notes. V. 


64. No. 6, June 1967, pp. 24-29. 

8 Zelikman, A. N., O. E. Krein, and G. V. 
Samsonov. Metallurgy of Rare Metals. - NASA 
Tech. Trans. F-359, U.S. Department of Com- 
merce, Clearinghouse for Federal Scientific and 
Technical Information, Springfield, Va., 1966, 
pp. 1-59. 

9 Neumeier. L. A., and J. L. Holman. The 
Tungsten-Cobalt System for Ccmpositions to 
85 Atomic Percent Cobalt. BuMines Rept. of 
Inv. 6956, 1967, 73 pp. 
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selected W-Co alloys.’® Specimens of W-Co 
alloys containing 0.7, 1.7, 3.4, and 9.7 
weight-percent Co developed WO; and 
CoWO, oxide coatings at a constant rate, 
indicating the formation of scales of con- 
stant porosity that were essentially inde- 
pendent of the cobalt concentration. A 
cobalt-rich outer scale of CosO, protected 
the tungsten, from further oxidation. 


Bureau engineers continued studies of a 
significant method of preparing ultrafine, 
extremely homogeneous, and finely mixed 
tungsten-rhenium powders with closely 
controllable compositions by the hydrogen 
coreduction of the freeze-dried ammonium 
compounds obtained from an aqueous 
solution. 


Investigations of vapor-deposited tung- 
sten were continued as the significant 
effects of process variables on grain size, 
grain type, and microhardness’ were 
etsablished, and the optimum parameters 
and the efficacy for the vapor deposition 
process were determined.!! Continuous de- 
position was successfully conducted at 
atmospheric pressure, a deposition rate of 
2 mils thickness per square inch of sub- 
strate area per hour, a temperature of 
550°C, and a hydrogen-to-WFe gas ratio 
of 4 to 1. During the vapor deposition of 
molybdenum-tungsten alloys dense, homo- 
geneous Mo-W alloys were successfully 
codeposited from a gaseous mixture 
of hydrogen, molybdenum  hexafluoride 
(Mos), and tungsten hexafluoride (WF) 
at temperatures between 650° and 
750° C" Tungsten-rhenum alloys pro- 
duced by vapor-deposition of mixed 
rhenium and tungsten hexafluorides 
showed significant nonhomogeneity due to 
the wide variation in optimum hydrogen- 
reduction temperatures of the two hexa- 
fluorides (250° C for ReFs and 550° C for 
WFe).““ 

In other vapor- deposition studies 
methods of purifying the gaseous tungsten 
hexachloride ( WCls) starting material to 
remove low-level metallic impurities were 
evaluated.'* The purification techniques 
studied included distillation, fused-salt 
scrubbing, zone refining, and adsorption. 
Of these, fractional distillation and fused- 
salt scrubbing were found to be the best, 
resulting in a tungsten halide sample con- 
taining a total of less than 10 parts 
per million (ppm) detectable metallic 


impurities. 


1161 
Using high energy-rate (Dynapak) 
techniques, compacted tungsten billets 


were successfully extruded into sound, 
high-dens‘ty rods and sheet bars at reduc- 
tion ratios of 6.25:1 and 9:1 at 1,800? C.!5 
Yield strength obtained were higher than 
those of tungsten produced by conventional 
powder-metallurgy techniques, and con- 
siderable grain refinement was achieved by 
careful temperature control. 


Tungsten-rhenium ingots and uranium 
dioxide-tungsten dispersions were also suc- 
cessfully compacted and formed by the 
Dynapak high-energy, high-velocity form- 
ing process. 

Because of their excellent high-temper- 
ature, high-strength properties, tungsten 
and tungsten-base alloys were studied for 
use as structural materials and tungsten- 
uranium oxide alloys were studied for use 
as cladding materials in nuclear reactors 
by evaluating the effects of reactor en- 
vironments such as nuclear radiation, cor- 
rosion, resistance, and compatibility with 
alkali liquid metal coolants on these 
materials ic 

A process was successfully developed 
for recovering tungsten in the form of 
ammonium  paratungstate (APT) from 


10 Doerr, Robert M., L. A. Neumeier, and J. 
W. Jensen. Reaction of Tungsten-Cobalt Alloys 
With Oxygen at 1,000? and 1,100? K. BuMines 
Rept. of Inv. 6998, 1967, 22 pp. 

11 Berkeley, Jean F., Abner Brenner, and 
Walter E. Reid, Jr. Vapor Deposition of 
Tungsten by Hydrogen Reduction of Tungsten 
Hexafluoride: Process Variables and Properties 
of the Deposit. J. Electrochem. Soc., vol. 114, 
No. 6, June 1967, pp. 561-568. 

Hoertel, F. W. Effect of Certain Process 
Variables on Vapor Deposited Tungsten. BuMines 
Rept. of Inv. 6731, 1966, 15 pp. 

12 Donaldson, J. G., and H. Kenworthy. Vapor 
Deposition of Molybdenum- Tungsten Alloys. 
BuMines Rept. of Inv. 6853, 1966, 12 pp. 

13 Harin, Jr., C. E. (assigned to the U.S. 
Atomic Energy Commission). Method for 
Depositing a Tungsten-Rhenium Metal Alloy on 
a Substrate. U.S. Pat. 3,343,979, Sept. 26, 1967. 

Hoertel, F. W., and J. G. Donaldson. Rhenium 
and Rhenium Tungsten Deposition by Thermo- 
chemical Reduction of the Hexafluorides—A 
Preliminary Study. BuMines Rept. of Inv. 6915, 
1967, 14 pp. 

14 Skirvin, F. A., T. T. Campbell, and F. E. 
Block. Purification of Tungsten Hexachloride. 
BuMines Rept. of Inv. 6984, 1967, 17 pp. 

15 Croeni, Jack G., John S. Howe, Jr., and H. 
Kato. High-Energy-Rate Extrusion of Low- 
Density Tungsten Powder Billets. BuMines 
Rept. of Inv. 6817, 1966, 12 pp. 

Croeni, Jack G., John S. Howe, Jr., and H. 
Kato. High Energy-Rate Forging and Extrusion 
and the Effect on Structure and Properties. 
BuMines Rept. of Inv. 6757, 1966, 31 pp. 

16 U.S. Atomic Energy Commission. Funda- 
mental Nuclear Energy Research—1967. Janu- 
ary 1968. 368 op. 
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low-grade tungsten concentrates by solvent 
extraction and methods were developed 


17 Churchwood, P. E., and D. W. Bridges. 
Tungsten Recovery From Low-Grade Concen- 
trates bv Amine Solvent Extraction. BuMines 
Rent. of Inv. 6845. 17 pp. 

Gomes. John M., Kenji Uchida, and Don H. 
Baker, Jr. Electrowinning Tungsten in Halide 
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for recovering extremely pure tungsten 
metal by electrowinning."' 


and Phosphate Electrolytes. BuMines Rept. of 


Inv. 6742, 1966, 9 pp. 

Gomes, John M., Kenii Uchida, and Don H. 
Baker, Jr. Electrolyte Life in Winning Tungsten 
From Scheelite. BuMines Rept. of Inv. 6805, 


1966, 9 pp. 


Uranium 


By Charles T. Baroch ' 


Uranium ore production showed the first 
increase since 1961; however, the ore grade 
was lower and an increase in ore stockpiles 
and uranium in process more than ab- 
sorbed the increase, leaving the mill out- 
put of concentrates at its lowest since 1960. 
Public utility companies continued a trend 
started in 1965 and ordered or planned 30 
nuclear powerplants with a capacity of 
24,424 megawatts (Mw) compared with 21 
plants with a capacity of 16,709 Mw in 
1966. When completed, 89 plants will have 
a capacity of almost 60,000 Mw, compared 
with 2,810 Mw operable on December 31, 
1967. These reactors will not be completed 
until the period 1970-75, hence increased 
demand for uranium will not be felt ap- 
preciably before 1970, although contracts 
for substantial quantities of uranium con- 
centrate (UsOs) were made for future 
delivery. 

The rising need for electric power, 
which appears to be doubling about every 
liyears (nearly twice the rate of the en- 
tire energy market), and the sudden 
acceptance of nuclear powerplants, caused 


the Atomic Energy Commission (AEC) to 
revise upwards by about 50 percent their 
1966 estimates of 1980 uranium require- 
ments. Their 1967 estimate was for a range 
of 120,000 to 170,000 Mw of installed 
nuclear power by 1980, leading to an an- 
nual requirement which might be in the 


range of 35,000 to 40,000 tons of UsOs 


and a cumulative requirement through 
1980 of about 250,000 tons of UsOs. 

The prospect of steeply rising demand, 
inspired an increase in prospecting. Surface 
exploration and development drilling rose 
to a new high for the industry in 1967, 
reaching a total of 10.8 million feet, com- 
pared with the previous high of 9.2 million 
feet in 1957. The price trend also stiffened 
appreciably during the year. UsOs concen- 
trates, which sold as low as $4 per pound 
in 1965, rose to a range of $6 to $7 per 
pound. Unless economic breeder reactors 
or more efficient converter reactors are 
developed by the early 1980's, many ex- 
perts believed that a shortage of low-cost 
uranium may develop around the turn oí 
the century. 


Table 1.—Salient uranium statistics 


(Short tons) 
1963 1964 1965 1966 1967 
United States: 
Mine ore shipment 5,613,570 5,359,653 4,385,995 4,352,651 5,276,038 
Concentrate (UsOs content): 
AEC procurement. 14,218 11,847 10,442 r 9,487 8,425 
Private industry sales r 100 700 
Imports: Concentrate (U30s)___._____-_-- 8,802 5,297 2, 650 2,049 1,309 
Free world: 
Production (U30s content) .............. 31,025 26,782 21,115 18,993 p 17,458 


e Estimate. Revised. P Preliminary. 
Legislation and Government Regulations. 
—AEC contracted with milling companies 
serving isolated areas for the purchase in 
1967 and 1968 of concentrate derived from 
ores produced at eligible small mining 


properties which were not served by mills 
having a stretchout contract through 1970. 
This provided a market for small operators 


1 Commodity specialist, Division of Mineral 
Studies. 
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whose annual allocations were less than 
20,000 pounds of UsOs and that had pro- 
duced and delivered ore to a mill during 
the 1962—66 period. Many small mines and 
a few mills thus were enabled to stay in 
business, pending the development of 
private sales of uranium. 

In 1967 the Congressional Joint Com- 
mittee on Atomic Energy held public hear- 
ings on radiation exposure of uranium 
miners. High concentrations of daughte: 
decay products of radon, itself a decay 
product of the ever-present radium, can 
often be found in underground mines 
having poor ventilation. Miners who have 
worked in such areas reportedly have a 
higher incidence of lung cancer than that 
of the general population. AEC, the 
Bureau of Mines, and the Public Health 
Service joined in a cooperative research 
and development effort each, respectively, 
to improve surveillance-monitoring equip- 
ment; improve mine air and personal pro- 
tection; and conduct epidemiological 
studies and study the bioeffects of alpha 
radiation. The Federal Radiation Council 
(FRC), an advisory body to the President 
on radiation matters, recommended guides 
for radiation protection in underground 
mines which the President approved.? 
These guides established exposure levels 
that shall not exceed those which a worker 
would receive at the working level if, in 
any 12 consecutive months of employment, 
he were exposed to 3.6 months of 40-hour 
workweeks at such level. The working level 
was defined as an environment which ex- 
poses the worker to the equivalent of 100 
picocuries of radon per liter of air (100 
pc/1)3 

AEC established a set of policies that 
will be followed after 1968: (1) on the 
schedule of charges for lease and sale of 
enriched uranium, the natural uranium 
component will continue to be based upon 
a price of $8 per pound of UsOs in con- 
centrate, at least through June 30, 1973; 
(2) toll enrichment will be the preferred 
method of distributing enriched uranium; 
(3) beginning January 1, 1971, enriched 
uranium on lease may be converted to 
private ownership by toll enriching, under 
which the lessee would furnish to AEC the 
specified quantities of uranium feed and 
pay certain charges, thereby acquiring 
ownership of the leased material; and (4) 
the transition to private ownership of all 
material held by licensees for power re- 
actor use will be accomplished by AEC 
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terminating the distribution of such mate- 
rial on December 31, 1970, and terminat- 
ing outstanding leases for such material 
on June 30, 1973. AEC also established a 
policy of toll enriching only domestic ore 
for domestic users, but stated that it would 
remove the restriction on foreign uranium 
for domestic use as soon as they had rea- 
sonable assurance of the viability of the 
domestic uranium industry as a whole, 
possibly some time after 1970. 

Toll enrichment is a service by which a 
customer delivers privately owned uranium 
to AEC, pays for the enrichment services 
desired, and receives an appropriate quan- 
tity of uranium containing the higher con- 
centration (enrichment) of the fissionable 
isotope, U. AEC established criteria for 
toll enrichment services and use charges in 
1966 and 1967. Among other things, AEC 
agreed to sign contracts for specified 
periods of time up to 30 years and estab- 
lished a toll enrichment charge for pri- 
vately owned uranium of $26 per kilogram 
unit of separative work, which is a meas- 
urement of the work done, not a quantity 
of material. At the same time, the AEC 
lowered the tails assay of U?’ in the de- 
pleted uranium to 0.2 percent, from the 
former figure of 0.2531 percent. This 
means that lesser quantities of feed mate- 
rial (natural uranium) will be used as the 
0.2 percent tails assay will require about 
5.5 pounds of fresh feed material to pro- 
duce 1 pound of 3 percent enriched ura- 
nium, whereas the tails assay of 0.2531 per- 
cent would have required about 6 pounds 
of feed.* 

AEC signed its first contract to provide 
toll enrichment services for a reactor in a 
foreign country. The 30-year contract with 
Oskarshamnsverkets Kraft Grupp Aktiebo- 
lag is for a 400-Mw boiling-water reactor 
being built in Sweden. During the contract 
period approximately 10,000 kilograms of 
Us, contained in slightly enriched ura- 
nium, will be required. 


2 Federal Radiation Council. Guidance for the 
Control of Radiation Hazards in Uranium Min- 


ing. Report No. 8 (revised), September 1967, 60 
DD. 


. Radiation Protection Guidance for 
Federal Agencies. 32 F.R. 11188, Aug. 1, 1967. 

3Dworshak, Henry. Radiation Standards Set 
for Uranium Mining. Min. Cong. J., v. 53, No. 
6, June 1967, pp. 88-89. 

Mining Congress Journal. Radiation Protec- 
tion Guides Approved by President. V. 53, No. 
8, August 1967, p. 111. 

4 Atomic Energy Commission. Uranium En- 
richment Services. F.R. 16478, Dec. 23, 1966. 

. Plutonium and Uranium Enriched in 
U?35. F. R. 16289, Nov. 29, 1967. 


URANIUM 


AEC approved agreements in 1967 with 
Louisiana and Arizona under which these 
States assume part of the regulatory au- 
thority over the uses of radioactive mate- 
rials within their borders. This brings to 
17 the total of States with which similar 
agreements exist. Others are Alabama, 
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Arkansas, California, Florida, Kansas, Ken- 
tucky, Mississippi, Nebraska, New Hamp- 
shire, New York, North Carolina, Oregon, 
Tennessee, Texas, and Washington. Other 
States were moving toward similar agree- 
ments. 


DOMESTIC PRODUCTION 


Mine and Mill Production.—Approxi- 
mately 500 mining operations in 8 States 
produced nearly 5.3 million tons of ore, 21 
percent more than was produced by 600 
operations in 12 States in 1966. New 
Mexico led by producing 54 percent of the 
total recoverable uranium; followed by 


Wyoming, 23 percent; Colorado, 12 per- 
cent; and Utah, 6 percent. The average ore 
grade dropped to 0.20 percent UsOs from 
0.23 percent in 1966. 

Uranium ore was processed at 16 mills 
which shipped to AEC concentrates con- 
taining 8,450 tons of UsOs, compared with 


Table 2.—Uranium mine and mill production in 1967, by States 


i Ore shipped 
EE Ee — SSS Concentrate 
Recoverable U3O;, purchased by AEC 
Value content 
State Short tons (thou- x F ee eee 
sands) Thousand Num- U30s, 
Percent pounds ber of thousand 
mills pounds 
Arizona____.___.._-.. ... . 15,723 $350 0.28 8 88 
Colorado 615,585 10,803 .22 2,537 4 1,680 
New Mevieo `... 2,754,225 43,298 .21 11,202 4 9,395 
FFF! zin emo SS 254,538 5,505 . 26 1287 «2 8 
Wyoming........ ......... 1,345,919 16,829 .18 4,655 5 3,410 
Other States ! 290.048 3,665 .15 889 3 2, 865 
Total esasen 5,276,038 80,450 .20 20,653 16 16,850 


! Ore shipments: North Dakota, South Dakota, and Texas. Concentrates: South Dakota, Texas, and Utah. 


Table 3.—Uranium ore-processing plants, December 31, 1967 


State and company 


Colorado: 


American Metal Climax, Inc 
Cotter COrP- oo obe A end e cepas 
Union Carbide Cor 


o 
New Mexico 


The Anaconda Company .... 
Homestake-Sapin Partners 
Kerr-McGee Corr aaa aaa 
Foote Mineral Co 


South Dakota: Mines Development, Inc 
Texas: Suscuehanna- Western, Inc 


Utah: Atlas Cord 


Wyoming: 


Federal-Radorock-Gas Hills Partners = 
Petrotomics Coo 
Union Carbide Cor 
Utah Construction & Mining e EE 
Western Nuclear, Inc VON 


! Includes 2,930 tons under contract to United Nuclear Corp., 


Partners mill under a tolling agreement. 


Tons U30s 
deliverable to 
Plant location AEC under 
contracts, 
1968-70 
... Grand Junction .... SC 
ges Canon Oly EE 2m de 
m CCC ]ù?]n¼¼ A E E A 
Uravan.... S „ J 2,660 
Bluewater. ............. 2.220 
Pos. r y Wee 2,5 ! 6,200 
do ` DA 4,470 
P ly tie St 990 
... Edgemont.. .. |............... 
zo. Falls City suc ¿asal Lee 
J ͤ T 2,590 
... Gas Hills 1,040 
ses Shirley "Rate .  ......-.. 
_.. Gas “yoga EE Wats as ae neh ee 560 
C i 1. 580 
= Jeffrey qn ser cheer saa 1,570 


which is treated in the Homestake-Sapin 
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9,487 tons in 1966. For the second year, 
uranium in significant quantities was sold 
to private industry. It was estimated that 
700 tons was sold in 1967 compared with 
100 tons in 1966. Contracts for future 
deliveries of 46,500 tons of UsOs were an- 
nounced by domestic producers, some to be 
implemented as far into the future as 1977. 

Contracts for delivery of concentrates to 
AEC were in effect with 10 companies 
operating 11 mills which, under the 
stretchout program, permitted deliveries 
aggregating 23,880 tons of UsOs through 
1970. The other five mills operated largely 
to fill private orders, although some pro- 
duced concentrate for AEC from ore mined 
by eligible small mining companies, Most 
of the milling companies negotiated con- 
tracts during 1966 and 1967 to supply ura- 
nium concentrates to reactor manufacturers 
and public utilities. Delivery on these con- 
tracts will start between 1968 and 1970 and 
some will extend through 1975. 

Kerr-McGee Corp., the largest uranium 
producer, began developing its sixth un- 
derground uranium mine in the Ambrosia 
Lake area near Grants, N. Mex., and it was 
scheduled for production in 1969. Petroto- 
mics Co. awarded a $1.5 million contract 
to double the size of its Shirley Basin mill 
to 1,000 tons per day. Western Nuclear, 
Inc., began engineering studies to develop 
a mining and milling system for uranium 
ore deposits on the Spokane Indian Reser- 
vation where 10 million pounds of Us;Os 
were outlined by drilling. A 3,000 to 4,000- 
ton-per-day operation was the ultimate 
goal. Mining of uraniferous lignite in 
Harding County, S. Dak., ceased as the 
operation was no longer profitable. Mining 
of sandstone ores also declined, and Mines 
Development, Inc., a subsidiary of Susque- 
hanna Corp., conducted extensive explora- 
tion in the Dakotas and Wyoming in an 
effort to find additional ore for their mill. 
The plan of Continental Mining & Milling 
Co. to reactivate the Lakeview, Oreg., mill 
of Lakeview Mining Co., reported in 1966, 
failed to materialize. Cotter Corp. pur- 
chased the Schwartzwalder uranium mine 
near Golden, Colo., and reopened its mill 
in 1966 to fulfill contracts with several 
domestic and one foreign user. Foote Min- 
eral Co. acquired the Vanadium Corpora- 
tion of America including the uranium 
operations near Shiprock, N. Mex. 

The upsurge in commercial sales of ura- 
nium and higher prices caused a great in- 
crease in exploration activity beginning in 
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1966. Surface exploration and development 
drilling totaled 10.8 million feet in 1967, 
up from 4.2 million in 1966, and set a new 
record since 1957 when the industry drilled 
9.2 million feet. After 1957 drilling de- 
clined steadily to slightly over 2.0 million 
feet in 1965. The 1967 total was about 
equally divided between exploration for 
new deposits and development drilling. 
Almost 55 percent was conducted in Wyo- 
ming, 23 percent in New Mexico, 7 percent 
in Colorado, and the balance in Texas, 
Utah, Arizona, California, Nevada, Oregon 
South Dakota, and Washington. Prospect- 
ing was also vigorous and thousands of 
claims were filed, particularly in Wyoming 
and Utah. 

Several Canadian mining companies 
became active in the Western United 
States. Rio Algom Mines Ltd. was explor- 
ing in Utah and Wyoming with Mitsubishi 
Metal Mining Co. Ltd., and both Faraday 
and Denison examined properties in Colo- 
rado. 

Refining and Enrichment.—AEC pro- 
duction of enriched uranium continued at 
a reduced rate. The level of electric 
power usage at the Portsmouth, Ohio, 
gaseous diffusion plant was reduced by 
320,000 electrical kilowatts (ekw), as part 
of the plan to reduce total power usage at 
the three gaseous diffusion plants (Oak 
Ridge, Tenn., Paducah, Ky., and Ports- 
mouth, Ohio) to 2 million ekw by January 
1, 1969. The “D” plutonium production 
reactor at Hanford, Wash., was shut down 
in June 1967 after 22 years of operation, 
the fifth to be shut down since 1964. Ihe 
remaining reactors, four each at Hanford 
and Savannah River, set new records for 
operating efficiency. In addition to weapon- 
grade plutonium, these reactors produced 
significant quantities of nondefense plu- 
tonium, U:, and many special isotopes. 
AEC announced that two more reactors, 
one each at Hanford and Savannah River, 
will be shut down in 1968. 

Allied Chemical Corp., Metropolis, Ill., 
owned the only commerical plant for con- 
verting UsOs into gaseous uranium hexa- 
fluoride, UFe, the compound required in 
gaseous diffusion plants for producing 
uranium enriched in U**. The plant, closed 
in 1964 was maintained in a state of readi- 
ness and in 1967 Allied began construction 
to double its size to an ultimate capacity 
in 1969 of 10,000 tons of UsOs per year. 
Kerr-McGee Corp. also initiated plans for 
a UFs conversion plant to be ready in 1970 
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with a capacity of 5,000 to 10,000 tons of 
UsOs annually. Both General Electric Co. 
and Westinghouse Electric Corp. had 
plants for fabricating nuclear fuel elements 
but announced plans for new ones. Gen- 
eral Electric operated its facility at San 
Jose, Calif., and started construction on a 
new plant on a 1,600-acre site near Wil- 
mington, N. C.s Westinghouse fabricated 
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fuel elements at its plant at Cheswick, Pa., 
and was doubling capacity there. In addi- 
tion, the company broke ground for a new 
$20 million facility at Columbia, S.C., plan- 
ned for operation in 1969. Both companies 
stated that the large volume of new orders 
for nuclear plants had strained the capac- 
ities of their fabrication facilities. 


CONSUMPTION AND USES 


Practically all uranium production went 
to the AEC stockpile and unspecified quan- 
tities were used for producing special 
nuclear materials for military and civilian 
programs. 

Weapon and Explosives Applications.— 
Plutonium production continued at both 
the Hanford Works, Richland, Wash., and 
the Savannah River plant, near Aiken, S.C., 
at a slightly lower rate. The “N” reactor 
at Hanford performed satisfactorily as the 
first dual-purpose - plutonium production 
and electricity generation reactor. It pro- 
duced over 2 million megawatt (Mw) 
hours of electricity in spite of being shut 
down from September 1 through December 
15 as a result of a strike. 

A total of 25 underground nuclear-ex- 
plosion tests were announced in 1967, com- 
pared with 40 in 1966. In addition a nu- 
clear explosive was detonated 4,240 feet 
deep in the San Juan basin of New Mexico 
as part of Project Gasbuggy. A segment of 
the Plowshare Program, designed to test 
the application of nuclear explosives to 
peaceful uses, Gasbuggy was expected to 
stimulate gas flow in a tight rock forma- 
tion. 

Civilian Reactors.—The trend by elec- 
tric utilities toward nuclear powerplant 
installations, which started late in 1965, 
continued in 1967 at an accelerated rate. 
As the result of technical improvements 
which made nuclear power generation 
competitive with other power. sources, com- 
mitments for the construction of nuclear 
plants increased beyond expectations and 
were much greater than was foreseen when 
AEC made its 1962 report to the President. 
This report predicted that 40,000 Mw of 
nuclear power would be installed by 1980, 
The estimate was revised in 1964 to a 
range of between 60,000 and 90,000 Mw 
and again in 1966 to a range of 80,000 to 
110,000 Mw. The continuing high rate of 
commitments caused AEC in 1967 again to 


revise upward its forecast. The new proj- 
ection was for a range of 120,000 to 170,- 
000 Mw in 1980, with the most likely figure 
near the middle of the range. During 1967, 
electric utilities made known plans for 32 
nuclear power plants, compared with 28 in 
1966. Actually ordered in 1967 were 30 
plants with a total capacity of 24,424 Mw, 
compared with 21 plants with a total 
capacity of 16,709 Mw in 1966. 

Table 4 is a summary of all domestic 
nuclear powerplants announced to the end 
of 1967, arranged by groups according to 
the anticipated startup year. From this 
arrangement, the future annual demand 
for uranium can be estimated, as present 
reactor types require for the initial charge 
from 0.6 to 0.9 ton of UsOs (as concen- 
trate) per Mw of electrical capacity. Ura- 
nium concentrates need not be purchased 
until approximately 1 year before planned 
startup time. Thus, since it requires from 
3 to 6 years to complete a reactor after a 
contract is awarded, uranium producers 
can quite accurately predict future demand 
for several years ahead. After a few years, 
makeup requirements, ranging from 0.11 
to 0.20 ton of UsOs per Mw-year of opera- 
tion, also will have to be considered. 

Many contracts for future delivery of 
UsOs were made in 1966 and 1967. Ap- 
proximate total tonnage of such contracts 
with the years of delivery were as follows: 


Year Tons U3Os Year Tons UsOs 
1968. . ..... 4,900 1972......... 7,900 
1969... ..... 5,000 1973 6,200 
11 eu 5,900 1974......... 4,400 
1971. 7,200 Later 4,200 
Total 45,700 


In addition to the above, 2,400 tons 
was contracted for delivery to foreign 
buyers. 

The 16 operable plants, most of which 
are relatively small powerplant prototypes, 


5 American Metal Market. General Electric 
Building Atomic Fuel Plant in Wilmington, 
N.C. V. 14, No. 120, June 23, 1967, p. 12. 
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Table 4.—Status of central-station nuclear powerplants, December 31, 1967 


Plant status 


Operable 
Under construction 
o 


Under construction and planned 
Planned and ordered 


produced 7.2 billions of kilowatt-hours of 
electricity during 1967, compared with 5.5 
billions of kilowatt-hours produced by 14 
plants in 1966. Seven plants started pro- 
ducing electricity in 1966 or 1967. All, ex- 
cept the “N” Reactor, were built under the 
AEC Power Reactor Demonstration Pro- 
gram in which AEC and industry share the 
costs. Brief descriptions and highlights of 
the newest reactors follow:5 

1. AEC’s “N” Reactor, Richland, Wash., 
produced its first electricity in April 1966 
and reached full power (800 Mw) in 
December. The byproduct steam of this 
production reactor is provided to a gen- 
erating station operated by Washington 
Public Power Supply System. The failure 
of a high-voltage transformer the day 
after reaching full-power level, made it 
necessary to reduce power output to 400 
Mw. 

2. Pathfinder Atomic Power Plant, 
Northern States Power Co., Sioux Falls, S. 
Dak., a 59Mw boiling-water reactor, pro- 
duced its first electricity July 1966 and 
reached design power in September 1967. 
The plant shut down in October because 
of broken vanes in a steam separator. 

3. Enrico Fermi Atomic Plant, Power 
Reactor Development Co., Lagoona, Mich., 
a 61—Mw fast-breeder reactor, started pro- 
ducing electricity in August 1966 but 
closed down in October 1966, because of a 
fuel failure. A piece of zirconium sheath- 
ing, part of a conical flow guide, fell from 
place and plugged a coolant channel, 
causing overheating and meltdown ot 
several fuel subassemblies. 

4. Peach Bottom Atomic Power Station, 
Unit 1, Philadelphia Electric Co., Peach 
Bottom, Pa., a 40-Mw high-temperature 
gas-cooled reactor, produced electricity 
January 1967 and reached full power in 
May 1967. The fuel core contains thorium, 


Number Electrical Startup year 

of plants capacity, Mw 
E 16 2,810 1957-67 
„ 3 1,824 1968 
„5 4 2,651 1969 
EE 8 5,234 1970 
5 16 12,119 1971 
P 11 9,086 1972 
NEIGE 12 10,393 1973 
ARA 7 5,561 1974-77 
—]À 12 10,100 1974-? 
PIE: 89 59, 778 


and it is the first nuclear power system to 
achieve the high- efficiency steam conditions 
of 1,000? F and pressures up to 1,450 
pounds per square inch. By yearend, the 
plant had operated for more than 158 days 
at full-power equivalent. Data from this 
plant will be used to design a 330-Mw re- 
actor at Fort St. Vrain, Colo., to be built 
for the Public Service Company of Colo- 
rado. 

5. San Onofre Nuclear Generating Sta- 
tion, Southern California Edison and San 
Diego Gas & Electric Co., San Clemente, 
Calif., a 430-Mw pressurized-water reactor, 
started producing electricity in July 1967 
and reached an output of 405 Mw by 
December 26. 

6. Connecticut Yankee Atomic Power 
Plant, Connecticut Yankee Atomic Power 
Co., Haddam Neck, Conn., a 462-Mw 
pressurized-water reactor, first produced 
electricity in August 1967 and reached 
full power in December. 

7. La Crosse Boiling-Water Reactor, 
Dairyland Power Cooperative, Genoa, Wis., 
50 Mw, started producing electricity in 
December 1967, and at yearend it had been 
operated at power levels up to 12.5 Mw. 
Startup tests should be completed by 
March 1968. 

The Carolinas-Virginia Tube Reactor at 
Parr, S. C., was closed down in June 1967. 
This 17-Mw heavy-water prototype power- 
plant had operated as a training and re- 
search facility since 1963. The Hallam Nu- 
clear Power Facility, Hallam, Nebr., which 
was shut down in 1964, was ordered to be 
decontaminated and dismantled. This was 
a sodium-cooled, graphite-moderated re- 
actor prototype of 75-Mw capacity. Tech- 


6 U.S. Atomic Energy Commission. Annual 
Report to Congress for 1967—Major Activities 
in the Atomic Energy Programs. January 1968, 
pp. 71-97; 325—339. 
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nical problems proved to be excessive and 
AEC discontinued pursuing this reactor 
concept. Much was learned from this re- 
actor, and the information gained has been 
applied to improving the reliability and 
performance of other sodium-cooled re- 
actors. The Southwest Experimental Fast 
Oxide Reactor at Cove Creek, Ark., to be 
used for research on fast-breeder reactors 
and planned for operation in 1968, is a 
good example. 

The Piqua (Ohio) Nuclear Power Facil- 
ity, an 11-Mw heavy-water, organic-cooled 
reactor, (HWOCR) was inoperative during 
1967 because of technical problems. AEC 
terminated its contract for the operation 
of Piqua in December 1967, and it was un- 
certain whether or not the cooperating 
agency, the City of Piqua, would resume 
operation on its own. 

The Tennessee Valley Authority (TVA) 
completed a detailed study of costs of coal- 
fired and nuclear powerplants, based on 
twin units totaling around 2,000 Mw.’ The 
estimated costs of power were 2.39 mills 
per kilowatt-hour for a boiling-water re- 
actor plant, 2.56 mills for a pressurized- 
water reactor plant, and 2.90 mills for a 
coal-fired plant. As a result TVA ordered 
twin units of the boiling-water reactor 
plant, each with a capacity of 1,064 Mw, to 
be ready for operation in 1971 and 1972. 

Allis-Chalmers Manufacturing Co. with- 
drew from the nuclear-reactor field in 1966, 
leaving The Babcock & Wilcox Co., Com- 
bustion Engineering Co., and Westing- 
house Electric Corp. (pressurized-water re- 
actors); General Electric Co. (boiling- 
water reactors) ; and Gulf General Atomic, 
Inc. (high-temperature gas-cooled reactors) 
as the principal domestic builders of com- 
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plete nuclear reactor plants. These and 
other principal firms engaged in major seg- 
ments of the nuclear-fuel business are 
listed in table 5. The General Atomic 
Division of General Dynamics Corp. be- 
came a wholly owned subsidiary of the 
Gulf Oil Corp. in 1967, and its name was 
changed to Gulf General Atomic, Inc. 
North American Aviation, Inc., and Rock- 
well-Standard Corp. merged in 1967 to 
form the North American Rockwell Corp., 
and Atomics International is now an 
operating division of the new company. 
Military Reactors.—Of 107 nuclear- 
powered submarines authorized by Con- 
gress, 74, including all 41 Polaris missile- 
launching types, were in operation. The 
aircraft carrier Enterprise, the guided-mis- 
sile cruiser Long Beach, and the guided- 
missile frigates Bainbridge and Truxton 
(commissioned May 1967), were in opera- 
tion and aggregated over 10 million miles 
of travel without a failure in the reactor 
plant. The Navy’s next attack aircraft 
carrier, the Nimitz, will have the highest 
powered reactors developed so far in the 
naval reactors program, and will be able 
to steam for 13 years without refueling. 
Reactors for Export.—U.S. firms had 
contracts for eight other reactors being 
built throughout the world. Locations are 
at Tarapur, India (380 Mw); Tsuruga, 
Japan (310 Mw) ; Niu, Japan (340 Mw); 
Fatuba, Japan (440 Mw); Zorita, Spain 
(153 Mw) ; Santa Maria de Garona, Spain 
(440 Mw) ;Beznau, Switzerland (350 Mw) ; 
and Bern, Switzerland (306 Mw). Most o. 
these were planned for operation by 1970. 


7 Tennessee Valley Authority. Comparison of 
C.al-Fired and Nuclear Power Plants for the 
TVA System. June 1966, 36 pp. 


Table 5.—Principal producers and fabricators of nuclear fuels 


Company and principal location 


Aerojet General Nucleonics, San Ramon, Calif... 
Atomics International, Canoga Park, Cali. 
The Babcock & Wilcox Co., Lynchburg, Va 


Combustion Engineering, Inc., Windsor, Conn 
Gulf General Atomic, Inc., San Di 
General Electric Co., San Jose, Cali 


National Carbon Co., Lawrenceburg, Tenn 


o, Cali 
Kerr-McGee Corp., Oklahoma City, Okia a. 
National Lead Co., Albany, N.Y........ „5 
Nuclear Fuel Services, Inc., Erwin, Tenn 
Nuclear Materials & Equipment Corp., Apollo, f 
United Nuclear Corp., New Haven, Conn 
Westinghouse Electric Corp., Pittsburgh, Pa. ....... 


Producers Fabricators Plutonium 
of uranium of uranium capability 
fuels fuels 
E cat eee x DE 
E (Susa s a m YS A A 
J%%%%%%%Cͤ dn ee ele X x 
J X A 
Ee X X e 
mde X X X 
DUNS NONE X CCC a e 
„ X S . tines het 
EE A x » 
. X X X 
X X X 
TUR X X x 
ü T8 X e 


Source: AEC, The Nuclear Industry 1967, Nov. 6, 1967, pp. 45-47. 


1170 


Two other reactors were in the planning 
stage for 1972 operation: Unit 2 at Niu, 
Japan (500 Mw), and Unit 2 at Beznau, 
Switzerland (350 Mw). 

A total of 52 test, research, and teaching 
reactors, built by U.S. firms, were operable 
throughout the free world, and 4 others 
were being built. 

Radioisotopes.— Although AEC was still 
a principal domestic producer and distri- 
butor of radioisotopes, it withdrew from 
the routine production and sale of 20 
radioisotopes in 1966 and 1967 and a total 
of 37 since 1961. AEC ceases production 
when radioisotopes became available from 
private industry. Late in 1967 AEC pro- 
posed to withdraw from the production 
and distribution of cobalt-60 of 45 curies 
per gram specific activity or less. General 
Electric Co. was said to have production 
capacity of at least 1 million curies annu- 
ally and Neutron Products, Inc., a capac- 
ity of about 2 million curies of cobalt-60 
annually. AEC sold 2.3 million curies of 
cobalt-60 in 1967, valued at $422,000, and 
wil continue to meet requirements on a 
custom order basis in minimum quantities 
of 100,000 curies, when the purchaser cer- 
tifies need for material that is not com- 
mercially available. A total of over 3.1 mil- 
lion curies of radioisotopes was distributed 
by Oak Ridge National Laboratory during 
the first 11 months of 1967, an increase of 
about 27 percent over the same 1966 
period. The final packaging and distribu- 
tion was performed almost entirely by in- 
dustry, and the total domestic market in 
1967 was estimated at $18 million to $22 


MINERALS YEARBOOK, 1967 


million. About 20 firms are engaged in 
processing radiochemicals and radiophar- 
maceuticals.? 

The uses for radioisotopes continued to 
expand at such a rate that a current listing 
could not be obtained. The business is esti- 
mated to be growing about 10 percent per 
year in dollar value. One of the most wide- 
spread uses is in measurement. Automated 
systems can weigh a product or gage its 
thickness, level, or density without touch- 
ing it, then actuate necessary changes in 
the manufacturing process. 

Tritium, the mass-3 isotope of hydrogen, 
sometimes called radioactive hydrogen, is 
one of the least expensive radioisotopes, 
and this makes large-scale tracer experi- 
ments possible. It has been available from 
AEC for peaceful purposes since 1959. The 
physical properties of tritium and full 
direction for its use in all phases of re- 
search in biochemistry, agricultural chemis- 
try, and physics were described in a book 
containing many references in each 
chapter.“ 

Depleted Uranium. — The use of UsOs 
as à catalyst in making acrylonitrile and 
methacrylonitrile may prove to be the first 
major commercial use for depleted ura- 
nium. Standard Oil Co. of Ohio has built 
a plant to produce 3.5 million pounds of 
the organics, which are classed as improved 
monomer intermediates for polymers. 
Nuclear Materials & Equipment Corp. of 
Apollo, Pa., received a 2-year contract for 
producing UsOs from depleted uranium 
hexafluoride, byproduct of the AEC enrich- 
ment plants.!° 


PRICES AND SPECIFICATIONS 


Ore and Concentrate. Uranium ore- 
processing mills owned or controlled an 
estimated 90 percent of ore reserves and 
production, and any ore purchased from 
independently owned mines was under 
individually negotiated contracts. Ore 
prices were not disclosed, but most mills 
claimed to adhere to prices similar to those 
of AEC Circular 5, which expired in 1962. 
These prices ranged from $1.50 per pound 
of contained UsOs on ore grade of 0.10 
percent to $3.50 per pound on ore contain- 
ing 0.20 percent UsOs or more. 

The AEC contract price for specification- 
grade concentrates continued to be $8 per 
pound of contained UsOs, and this price 
will continue through 1968. During 1969 


and 1970, AEC will pay $1.60 per pound 
of UsO;, plus 85 percent of the allowable 
production costs during the prior 6 years, 
subject to a maximum of $6.70 per pound. 
The average AEC contract price for all 
UsOs delivered in 1969 and 1970 is ex- 
pected to be between $5.50 and $6.00 per 
pound. Canadian uranium concentrate was 
contracted to the Canadian Government 
stockpile at $4.90 per pound of contained 
UsOs and to the United Kingdom Atomic 


8 U.S. Atemic Energy Commission. The MNu- 
clear Industry. 1967, 184 pp. 

Evans, E. Anthony. Tritium and Its Com- 
pounds. D. Van Nostrand Co., Inc., Princeton, 
N.J., 1966, 441 pp. 

19 Chemical & 
6 V. 


Engineering News. Industry 
44. No. 46, Nov. 7, 1966, p. 
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Energy Authority (UKAEA) at $5.03. 
These contracts are for limited quantities 
aggregating about 4,000 tons per year 
through 1969. 

Prices of UsOs sales under private con- 
tracts were seldom made public by either 
seller or purchaser. Such contracts call for 
deliveries after 1970 and as far in advance 
as 1977. A few disclosures made in finan- 
cial prospectuses and annual reports indi- 
cate that future delivery prices ranged from 
about $5.40 per pound of UsOs for delivery 
prior to 1970 to an average of about $6.40 
per pound for delivery after 1970. Cana- 
dian sales contracts were reported at prices 
as high as Can $7.14 (US $6.57). Many of 
these contracts contain escalation clauses 
to cover rising labor and supply costs. 

Refined Uranium.—Normal uranium 
metal continued to be quoted periodically 


FOREIGN 


No uranium ores and concentrates were 
exported in 1967 compared with 45,921 
pound of U3Os content valued at $160,984 
exported to West Germany in 1966. Lx- 
ports of uranium and thorium and their 
alloys, wrought or unwrought, totaled 543 
pounds valued at $21,963 in 1967 and 3,505 
pounds valued at $135,514 in 1966, over 
half in each year going to Canada and the 
rest mainly to France, West Germany, and 
Italy. Exports of uranium and thorium 
compounds totaled 50,353 pounds valued 
at $140,615 in 1967 and 153,494 pounds 
valued at $295,757 in 1966, with United 
Kingdom, Japan, West Germany, and 
Hong Kong being the principal recipients. 

Special nuclear materials (enriched 
uranium, plutonium, and U, princi- 
pally) totaling $44.0 million in value were 
shipped to 13 countries in 1967; 55.7 per- 
cent going to West Germany, 16.5 percent 
to India, 16.1 percent to France, and 6.7 
percent to Spain. This compared with 
shipments valued at $41.9 million to 19 
countries in 1966, with 56.1, 13.7, 6.5, 6.4, 
and 4.4 percent, respectively, going to West 
Germany, Italy, Belgium-Luxembourg, 
United Kingdom, and Canada. The large 
shipments to West Germany were enriched 
uranium for four projects in West Ger- 
many and one in the Netherlands, and 
were in the form of UF. for fabrication 
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at $18 to $24 per pound in American 
Metal Market. Depleted uranium, in the 
form of uranium hexafluoride (67.6 per- 
cent uranium), was quoted at $2.50 per 
kilogram ($1.14 per pound) of contained 
uranium. 

Special Nuclear Materials.—Base charges 
by AEC for enriched uranium remained 
unchanged since 1962 and varied with the 
degree of enrichment from $4.77, $8.48, 
and $9.59 per gram of U*?*5 content for 
1.0, 2.0 and 5 percent UD, respectively. 
The new lowered charge by AEC of $26 
(formerly $30) per kilogram unit of sepa- 
rative work and the lowering of “tails” 
assay in deriving the feed and separative 
components to 0.2 percent U? (formerly 
2.531 percent) will reduce the cost of en- 
riched uranium after January 1, 1968, by 
5 to 7 percent. 


TRADE 


abroad into the first cores for the five 
projects. In late 1967, 30 kilograms (66 
pounds) of plutonium were sold to Eura- 
tom for use in the Rhapsodie reactor at 
Cadarache, France. 

Radioactive isotopes, compounds, and 
mixtures, radium included, enjoyed an 
extensive world trade and were exported 
to 85 countries in 1967 and were valued at 
$3.1 million, compared with shipments in 
1966 to 79 countries, valued at $15.6 mil- 
lion. 

No uranium concentrates were imported 
for the AEC stockpile in 1967, but imports 
for private industry contained 1,045 tons 
of UsOs from the Republic of South Afn- 
ca, 158 tons from Spain, and 106 tons from 
Canada, a total of 1,309 tons valued at 
$12,592,769. Imports of concentrates in 
1966 were all for AEC procurement and 
consisted of 1,329 tons of UsOs from the 
Republic of South Africa and 720 tons 
from Canada. | 

Radioactive isotopes, elements, and com- 
pounds imported in 1967 from 16 countries 
were valued at nearly $2 million, compared 
with $1.3 million in 1966. In addition, 
imports of Co9*, which is classified separ- 
ately by the Bureau of the Census, were 
379,575 curies valued at $1.0 million, com- 
pared with 197,543 curies valued at $0.8 
million in 1966. 
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WORLD REVIEW 


Australia.—K nown uranium resources 
were not deemed to be adequate to sup- 
port even a modest nuclear power program, 
and the Minister for National Develop- 
ment announced a policy to limit uranium 
exportation to safeguard the national 
interest. Uranium reserves recoverable up 
to $10 per pound consist of 8,080 short tons 
of reasonably assured UsOs and another 
2,580 tons possible but not proved. An- 
other 3,540 tons are reasonably assured as 
economically recoverable up to $30 per 


pound. Permissible exports will vary with 
the size of the uranium ore deposits but, 
in general, not more than 50 percent of the 
predicted reserves from a property may be 
exported. Despite this ban, Conzinc 
Riotinto of Australia Ltd. received permis- 
sion to export during the 1970's the 2,000 
tons of developed uranium in the Mary 
Kathleen open-pit mine. Before the mine 
was closed in 1963, it produced $100 mil- 
lion worth of uranium, which was all sold 


to UKAEA.”” 


Table 6.—Free world production of uranium oxide (U;O;), by countries ! ? 


(Short tons) 


Country ! 1963 1964 1965 1966 1967 » 

Argentina_ 4335 eeu see eee ted me r 10 37 r 50 erg NA 
Australia˖ ccrn. 1,200 r 370 370 330 330 
EH, TEEN 8,352 7,285 4,443 r3,761 3,753 
RT EE 1,987 1,911 1,887 r 1,260 NA 
EE 582 586 724 ° 600 c 500 
Malagasy Republic ¢ 3_____________-_____.- 123 169 65 65 NA 
Portugál EE mpu ie 11 22 r 42 r 46 NA 
South Africa, Republic of. ..... .. LL... 4,532 4,445 2,942 3,286 e 3,300 
r . E E EENS r 100 r 130 NA NA 
SS] ỹ⁰q/ĩ 6 s y s s 10 10 r 20 r 50 50 
United Stats 14,218 11,847 10 , 442 r 9,587 9,125 
Total EEN r 31,025 r 26,782 r21,115 r 18,993 17,058 

e Estimate. P Preliminary. Revised. NA Not available. 


Uranium is also believed to be produced in Czechoslovakia, East Germany, West Germany, Hungary, 
India, Italy, Japan, and U.S.S.R., but production data are not available. 


? Compiled from data available March 1968. 
3 Contained in uranium ore. 


* Totals are of listed figures only; no undisclosed data included. 


Belgium.—Belgonucléaire, founded by 
Belgian firms interested in nuclear energy, 
announced an international consortium for 
developing fast-breeder reactors. Other 
members are Siemens-Interatom (German) 
and Neratoom (Dutch). “ 

Brazil.—Brazil has kept uranium and 
thorium under strict export control since 
1951, because of their nuclear properties. 
Exporters of minerals, such as zircon and 
pyrochlore, containing small quantities of 
associated nuclear material had to return 
equivalent quantities of such nuclear ma- 
terial to Comissáo Nacional de Energia 
Nuclear. This law was eased in 1967 and 
exempted miners from the obligation of 
returning equivalent nuclear material if its 
separation was not technically or econom- 
ically feasible. In processing pyrochlore, for 
instance, the small quantities of uranium 
and thorium present go into a slag and 
are not economically recoverable. 


Canada.—Uranium production in 1967 
was little changed from 1966, but was only 
24 percent of the 1959 peak. Only the Nor- 
dic mine of Rio Algom Mines Ltd., Elliot 
Lake, operated at full capacity. Denison 
Mines Ltd., also at Elliot Lake, operated 
at about 50 percent capacity, and Eldorado 
Mining & Refining Ltd., at Beaverlodge, 
operated at about 80 percent capacity. 
Stanrock Uranium Mines Ltd., Elliot Lake, 
continued to produce about 13,000 pounds 
of UsOs per month solely by underground 
bacterial leaching.' Rio Algom started 
developing a new mine, the Quirke No. 


11 Bureau of Mines. Mineral Trade Notes. V. 
64, No. 8, August 1967, pp. 11-14. 

12 Mining Journal (London). Re-Opening in 
Sight. V. 268, No. 6,880, June 30, 1967, p. 533. 

13 Bureau of Mines. Mineral Trade Notes. V. 
65, No. 2, February 1968, pp. 31-32. 

14 Williams, R. M. Uranium. Mineral Re- 
sources Division, Department of Energy, Mines 
and Resources, Ottawa, Canada, 16 pp.; Ca- 
nadian Min. J., v. 89, No. 2, February 1968, 
pp. 129-133. 
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2, about 10 miles north of the Nordic 
mine, which it will gradually replace. The 
mine and the rehabilitated Quirke mill 
will increase the company’s capacity from 
3,300 to 3,700 tons per day. 

Although the bulk of Canadian uranium 
has been marketed in the past through the 
Government-owned Eldorado Mining & 
Refining Ltd., producers since 1965 were 
at liberty to negotiate their own sales con- 
tracts. All four producers had contracts to 
deliver maximum quantities to the Canadi- 
an Government stockpile at a basic price 
of $4.90 per pound of UsOs until 1970. 
Deliveries to this stockpile did not ap- 
proach maximum permissible quantities in 
1967, largely because producers anticipated 
early deliveries under commercial contracts 
at higher prices. 

Commercial contracts grew markedly in 
1967 and uranium sales commitments 
through 1980 aggregated over 42,000 tons, 
an average of 3,300 tons per year. Among 
the major contracts consummated were the 
following: Rio Algom to deliver up to 
11,500 tons of UsOs to the United King- 
dom Atomic Energy Authority over an 8- 
year period beginning in 1973; the Hydio- 
Electric Power Commission of Ontario 
ordered 6,500 tons of U3Os from Eldorado 
and Rio Algom for delivery between 1970 
and 1980; The Tokyo Electric Power Co., 
Inc., The Kansai Electric Power Co., Inc., 
and six other Japanese electrical utilities 
ordered, over a 10-year period beginning 
in 1969, 10,500 tons from Denison and 
5,000 tons from Rio Algom; Eldorado will 
supply 500 tons to Tokyo Electric over a 
5-year period beginning in 1969; and El- 
dorado will supply about 1,000 tons of 
UsOs to Kernkraftwerk Obrigheim, West 
Germany, beginning in 1969. 

These substantial assurances of contin- 
uing demand caused a resurgence of uran- 
ium prospecting and exploration reaching 
boom proportions in some areas. Large 
areas of land were being explored, mostly 
by large companies in three areas: Beaver- 
lodge, northern Saskatchewan; Elliot Lake, 
Ontario, and eastern Quebec and Labra- 
dor. 5 In addition to the Canadian firms, 
several foreign organizations were actively 
exploring. American firms participating 
included American Metal Climax, Inc., 
Federal Resources Corp., Homestake Min- 
ing Co., Kerr-McGee Corp., Newmont 
Mining Corp., Phelps Dodge Corp., and 
Western Nuclear, Inc. Federal Resources 
X Salt Lake City, Utah, optioned the 
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mine and 1,500-ton mill of Canadian Fara- 
day Corp. Ltd. which produced from 1957 
to 1964.“ 


A French firm, Mokta Explorations 
(Quebec) Ltd. had concessions on 700 
square miles and reportedly found enough 
ore to consider opening a mine. British 
Newfoundland Exploration Ltd. and four 
West German firms entered into a uranium 
exploration program in Labrador. Mitsui 
Mining and Smelting Co. Ltd., a Japanese 
firm, is cooperating with Tobe Mines Ltd. 
of Edmonton in exploration near Uranium 
City, Saskatchewan.“ 


The 200-Mw Douglas Point Nuclear 
Power Station, in the east shore of Lake 
Huron, went into operation in January 
1967, but pump difficulties prevented 
reaching full capacity. This is Canada's 
first full-scale reactor to be fueled with 
natural uranium and cooled and moderated 
with heavy water, the so-called CANDU 
type. 

France.—Comm.isariat a l'Energie 
Atomique (CEA) prospecting teams found 
a reportedly large uranium deposit in 
Niger and expected to exploit the deposit 
with initial output scheduled for 1970. 
CEA also entered into a contract with the 
Mexican Government for the construction 
of a uranium milling plant at Nasas, State 
of Coahuila. 

The French mining company, Dong 
Trieu, found promising new uranium de- 
posits at St. Suplice-les-Feuilles in south 
central France. The uranium deposit at 
Mounana, Gabon, was an important French 
source of uranium. Compagnie des Mines 
d'Uranium de Franceville operated the 
mine and a concentration plant. 

The French national power corporation, 
Electricité de France (EDF) contracted to 
build a 500-Mw nuclear powerplant at 
Vandellos on the Mediterranean coast in 
northeast Spain. This, Spain's third reac- 
tor, will be fueled with natural uranium, 
graphite moderated, and gas cooled. France 
provided a 15-year loan of about $70 mil- 


15 Beck, L. S. Uranium Developments in Sas- 
katchewan. Canadian Min. J. (Gardenvale, Que- 
bec), v. 88, No. 4, April 1967, pp. 126-129. 

Robertson, James A. Recent Geological In- 
vestigations in the Elliot Lake-Blind River 
Uranium Area, Ontario. Canadian Min. J. 
(Gardenvale, Quebec), v. 88, No. 4, April 1967, 
pp. 120-126. 

16 Engineering and Mining Journal. Federal 
Resources to Develop Uranium Facility in On- 
tario. V. 168, No. 3, March 1967, p. 110. 

17 Bureau of Mines. Mineral Trade Notes. V. 
64, No. 11, November 1967, pp. 39-41. 
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lion at 4.5 percent interest. EDF will buy 
from 25 to 50 percent of the power and 
will own 25 percent of a company to be 
known as Hispano-Francesa de Energia 
Nuclear, and four Spanish concerns will 
own the balance.'® France had two nucle- 
ar-power complexes in operation at the end 
of the year: Three reactors at Marcoule 
totaling 85 Mw and EDF-1, EDF-2, 
EDF-3 at Chinon totaling 750 Mw. 

Gabon.—The uranium deposit at 
Mounana continued as an important 
source of uranium for France. Originally 
operated as an open- pit, underground 
operations began in 1965, and since then 
the deposit was found to be considerably 
larger than originally believed. The life of 
the operation may extend to 1980, 10 years 
longer than first estimated. The under- 
ground ore reportedly contains 0.3 to 0.4 
percent uranium, compared with an aver- 
age of 0.5 percent in the open pit. The ore 
is leached with sulfuric acid at Mounana, 
and a 20 to 30 percent uranium concen- 
trate is shipped to France. Production 
reportedly equals around 400 tons of ele- 
mental uranium annually. 

India.—In January 91,500 pounds of 
enriched uranium was shipped by boat 
from Alameda, Calif. to India for the first 
core loading of the No. 1 reactor of the 
380-Mw twin boiling-water reactor station 
being built at Tarapur. A similar ship- 
ment for the No. 2 reactor followed in 
September. The total value of the two 
cores was $14.4 million. Reactor startup 
was expected by mid-1968. 

Japan.—The cabinet formally approved 
private ownership of enriched fuel as pro- 
posed by the Japanese AEC. Previously 
only natural uranium could be owned pri- 
vately. The ruling permits the negotiation 
of a new agreement with the United States 
to provide toll enrichment to supply 
Japan's future needs.!? 

Japan has two reactors in operation. One 
is a 12.5-Mw power-demonstration reactor 
of the boiling-water type and the other is 
a 154-Mw British Magnox type, using nat- 
ural uranium. Nuclear power is particu- 
larly attractive to Japan because of her 
dependence on imported fuels. Hence, she 
expects to build nearly 10,000 Mw by 1980. 
Three reactors totaling 1,091 Mw ordered 
from the United States are under construc- 
tion for 1969 and 1970 operation, and 
a fourth of 500-Mw capacity was planned 
for 1972 operation. 
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Japan is deficient in economic uranium 
deposits and, well aware that uranium 
requirements over the next 20 years may 
reach over 100,000 tons of UsOs, an ag- 
gressive worldwide search for uranium was 
initiated. Part of their needs has been 
assured by orders placed with Canadian 
firms for 16,000 tons of UsOs deliverable 
over the next 10 years, and negotiations 
for purchasing uranium were also con- 
ducted with South African mines. A num- 
ber of Japanese firms also sent technical 
missions to Australia, Canada, and the 
United States which were authorized to 
engage in exploration activities.?? 

Mexico.—The French Atomic Energy 
Commission (CEA) entered into a con- 
tract with the Government of Mexico for 
the construction of a uranium mill at 
Nasas, Coahuila. An initial investment 
equivalent to about $2 million was men- 
tioned, and the plant was planned for com- 
pletion in 1968. 

Mexico's Nuclear Energy Commission 
(CNEN) claims to have found about 3 
million tons of ore containing 2,300 tons 
of UsOs in the States of Chihuahua, 
Sonora, Durango, and Oaxaca. A pilot 
plant was planned for Villa Aldama, near 
Chihuahua, to treat about 25 tons of ore 
per day.?! 

Niger.— The French Atomic Energy 
Commission (CEA) has held prospecting 
rights on over 350,000 square kilometers in 
three areas of this former French colony. 
Approximately 20,000 tons of UsOs have 
been developed in a few square kilometers 
of desert near Arlit. By agreement with the 
Niger Government, CEA planned to de- 
velop these deposits, and expected to pro- 
duce about 200 tons of UsOs in 1970 and 
1,000 tons annually by 1973. An investment 
equivalent to about $45 million will be 
required, about one-half contributed by 
the French Government. CEA will take the 
entire uranium output at an agreed price 
stated to be equivalent to $8 per pound of 
UsOs.”? 


18 Mining Journal (London). Franco-Spanish 
Nuclear Power Project. V. 267, No. 6848, Nov. 
18, 1966, p. 371. 

19 Nuclear Engineering. Private Ownership of 
Enriched Fuel for Japan. V. 11, No. 127, De- 
cember 1966, pp. 915-917. 

20 Mining Journal (London). Japan—Pre- 
Empting Future Uranium Supplies. V. 268, No. 
6855, Jan. 6, 1967, p. 2. 

21 Engineering and Mining Journal. V. 168, 
No. 7, July 1967, p. 140. 

22 Engineering and Mining Journal. France, 
Niger, to Develop 20,000-Ton Arlit Uranium 
Deposit. V. 168, No. 8, August 1967, p. 106. 
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South Africa, Republic of.—Thirteen 
mines produced uranium in 1967, but only 
one—West Rand Consolidated—was a pri- 
mary producer, gold being the bypro- 
duct.? A new process using solvent extrac- 
tion was started by Harmony Gold Mining 
in 1966, which improves recovery and pro- 
duces high-purity uranium concentrates 
which find a readier market. Sale of full 
production was assured Harmony through 
1972 by the 5-year renewal of a French 
contract.” 

The Minister of Mines announced that 
a reassessment of South African uranium 
reserves indicate that 205,000 tons of 
UsOs are available at under $10 per 
pound. Estimates made by the Organization 
for Economic Co-Operation and Develop- 
ment in 1965 gave a figure of 140,000 
tons.” Another 15,000 tons was possible 
at the same price. At a cost of $10 to $15 
per pound another 65,000 tons would be 
available with a further 35,000 tons pos- 
sibly available. In the price range of $15 
to $30, another 55,000 tons can be added 
to accumulated reserves. The established 
total was estimated at 325,000 tons, with 
another 70,000 tons possible.?“ 

Spain.—Construction on Spain’s first 
nuclear powerplant, the 153-Mw station at 
Zorita, east of Madrid, neared completion 
at the end of 1967 with operation planned 
for mid-1968. The first core loading of 
about 41,000 pounds of uranium enriched 
to an average of about 3.0 percent U“, 
valued at $4.6 million, was shipped in Oc- 
tober. Construction was also about 20 per- 
cent complete on the 440-Mw Santa Maria 
de Garona plant, which was in the market 
for 388 tons of UsOs and was scheduled 
for operation in 1970.27 Work continued 
on the Vandellos 500-Mw plant, a joint 
venture between France and Spain for 
operation in 1971. Three other nuclear 
powerplants were being planned for opera- 
tion around 1975. 

Sweden.—The Ranstad uranium mill 
near Skovde operated throughout 1966 and 
1967 with many stoppages and was operat- 
ing at about 40 percent capacity at the end 
of 1967. Production cost was estimated at 
$10 to $15 per pound of UsOs, consider- 
ably in excess of world prices. Yield from 
the ore is less than three-fourths pound 
per ton of slate.28 

Oskarshamnsverkets Kraftgrupp Aktie- 
bolag, a group of Swedish utilities, signed 
a 30-year contract with AEC to provide toll 
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enrichment services for a nuclear power- 
plant. The contract will provide the initial 
inventory and replacement fuel necessary 
for the 400-Mw boiling-water reactor over 
the term of the contract. This will require 
approximately 22,000 pounds of U: in 
enriched uranium and will cost more than 
$40 million in total. 

Switzerland.— The Nordostschweizerische 
Kraftwerke A.G. Baden (NOK) 350-Mw 
reactor was on schedule for 1969 startup. 
Located at Beznau, it will supply about 25 
percent of total Swiss energy needs at a 
cost of 6 to 7 mills per kilowatt-hour, 
about half the cost of hydraulic power. 
AEC approved a barter request for 370 
tons of enriched uranium for the plant, 
and Anaconda Sales Co. received a con- 
tract in 1966 to supply uranium concen- 
trate as part of a barter contract. A 306- 
Mw reactor was announced by Bernische 
Kraftwerk A.G. (BKW) to be built near 
Muehleberg, 8 miles west of Berne, prob- 
ably for 1972 startup. 

U.S.S.R. 
tor for both heat and power was being 
erected at Biblibino in the Chukotsk 
region and is the first Soviet reactor north 
of the Arctic Circle. Its power will be 48 
Mw and is expected to be completed dur- 
ing 1970.29 

United Kingdom.—Britain, with 11 
operating nuclear-power stations using 24 
nuclear reactors totaling slightly over 
4,000 Mw, far outranked any other country 
in nuclear capacity. Nuclear electricity gen- 
erated totaled nearly 30 million Mw-houis, 
compared with 21 million in 1966. To pro- 
vide a future supply of uranium, a con- 
tract was made with Rio Algom Mines of 
Canada, for 8,000 to 11,500 tons of UsOs 
to be delivered through 1980. To meet its 
requirements for enriched uranium with- 
out dependence on the United States, 


23 Canadian Mining Journal  (Gardenvale, 
Quenec). t South Africa. V. 88, No. 6, June 1967, 


pp ; 
24 Metal Bulletin (London). pout African 
Uranium. No. 5250, Nov. 21, 1967, p. 

25 Baroch, Charles T. Uranium in Minerals 
Yearbook, 1965. V. I, Metals and Minerals (Ex- 
cept Fuels), 1966, p. 987. 

6 Bureau of Mines. Mineral Trade Notes. V. 
e No. 2, February 1968, pp. 31-32. 

27 Engineering and Mining Journal. Spain Set 
to Buy 388 Tons of UsOs in the Foreign Market. 
V. 186, No. 8, August 1967, p. 116. 

28 Bureau of Mines. „Mineral Trade Notes. V. 
64, No. 4, April 1967, 

Chemical Engineering, Sweden’s Uranium Mill 
Will Continue to Operate. V. 74, No. 3, Jan. 
30, 1967, p. 50. 

29 Bureau of Mines. Mineral Trade Notes. V. 
64, No. 1 January 1967, p. 41. 


1176 


UKAEA initiated a $38-million modern- 
ization of its inactive Capenhurst gaseous- 
diffusion plant. Enriched uranium from 
this plant is expected to be more expensive 
initially than that from the United States, 
but the discrepancy is expected to narrow 


WORLD 


Domestic uranium ore reserves estimated 
by AEC at the end of 1967, recoverable at 
$8 per pound of UsOs in concentrates, 
aggregated 64 million tons of ore contain- 
ing 0.2 percent UsOs or 148,000 tons 
of UsOs, compared with 61 million tons 
of ore and 141,000 tons of UsOs at the 
end of 1966. For the first time since 1959, 
development of new ore reserves exceeded 
the quantity mined. Reserves available at 
$10 per pound of UsOs were estimated 
to be 190,000 tons of UsOs plus another 
120,000 tons available as a byproduct of 
copper and phosphate operations through 
the year 2000. In addition, approximately 
3,550 tons of UsOs were in ore stockpiles 
and 4,580 tons in process and finished 
product stocks, both up from 1,850 and 
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by 1970 with larger demand. 
Venezuela.—A new uranium deposit 

was discovered in eastern Venezuela, near 

the Brazilian border in Bolivar State. Pre- 


liminary assay reports show 0.3 to 0.5 per- 
cent U3O;.?? 


RESERVES 


3,150, at the end of 1966. In general 
domestic reserves were considered to be 
adequate for the lifetime needs of all 
reactors operating or ordered to the end 
of 1967, and uranium needed to fuel 
reactors ordered in the future will have to 
come largely from deposits yet to be dis- 
covered.?! 

The estimated total of reasonably as- 
sured free world uranium resources avail- 
able at under $10 per pound of UsOs 
was estimated at 821,000 tons of UsOs 
compared with 642,000 tons at the end of 
1965. The increase was due mainly to in- 
creases in the estimate of reserves in the 
United States and the Republic of South 
Africa. 


TECHNOLOGY 


As usual, all phases of nuclear science 
and technology were covered by Nuclear 
Science Abstracts,? which listed 47,055 
items in 1967, compared with 47,096 
items in 1966 and 48,118 in 1965. AEC 
also reported the scope of its fundamental 
and basic research programs. Concise 
summaries of current nuclear-energy devel- 
opments continued to be published in a 
series of Technical Progress Reviews which 
evaluated the latest findings in four specific 
areas of nuclear technology and science.* 

The Geological Survey completed a num- 
ber of reports on uranium geology pre- 
pared on behalf of AEC. One report is a 
comprehensive geological study of a 535- 
square-mile area mostly in Valencia 
County, N. Mex., which includes the very 
productive Jackpile mine owned and oper- 
ated by The Anaconda Company.“ The 
uranium deposits of the Ralston Buttes 
district, 12 miles west of Denver, and the 
most productive vein deposits in the 
United States, exemplified by the Schwartz- 
walder mine, were mapped and described 
in detail, with emphasis on the economic 
geology of the  57-square-mile area.“ 


Another report reviewed the geology of 
uranium deposits in sandstone, based on 
geologic studies and explorations from 


1943 to 1959 by industry, educational, 
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and government scientists, and contains 
an extensive bibliography.?' 

A publication on the uranium depos:ts 
around Moab and adjacent districts of 
Utah described the primary sedimentary 
features of pinchouts, facies changes, chan- 
nel systems and scours, and thick sandstone 
lenses.’ The geology and uranium de- 
posits of South Dakota were amplified by 
two reports, one of which covered the Hot 
Springs quadrangle on the southeast flank 
of the Black Hills,“ and the other de- 
scribed the Cascade Springs quadrangle on 
the southern tip of the Black Hills.“ The 
geology was mapped and described of the 
rugged and picturesque 660-square-mile 
area east of Bryce Canyon and the High 
Plateaus of southeastern Utah, where 
8,500 feet of sedimentary rocks ranging 
from Permian to Late Cretaceous age are 
exposed. Uranium minerals are  con- 
centrated principally in the Chinle and 
Morrison Formations.*! 

A widely used glossary of uranium min- 
erals was republished.? A mineral in- 
ventory briefly described 124 deposits of 
uranium and thorium in the Blind River 
and Bancroft areas of southern Ontario.* 
A much more detailed and comprehensive 
report gave complete data on the history, 
geology, mining and milling technology, 
and production of each past and present 
Canadian uranium producer; altogether 
28 mining operations were described.“ 

The Chattanooga Shale formation, which 
is found in large areas from Kentucky 
through Tennessee and into Alabama, is 
a potential low-grade source of uranium. 
In 1952, the Bureau of Mines and Geo- 
logical Survey entered into a cooperative 
agreement with AEC to explore by core 
drilling some of the most favorable areas. 
A total of approximately 12,000 feet of test 
drilling in 72 holes was done by the 
Bureau and large samples were mined for 
extractive and metallurgical testing. Min- 
eral reserves in five blocks, covering 
nearly 3,000 square miles underlain by 
Chattanooga Shale, gave measured reserves 
of 928 million tons and inferred reserves 
of nearly 85,000 million tons of material 
containing 0.006 percent uranium or 
slightly more.* 

The proceedings of an international 
panel on processing of low-grade uranium 
ores, held in Vienna June 27 to July 1, 
1966, were published in 1967. The series 
of papers included status reports from Aus- 
tralia, Canada, Czechoslovakia, France, 
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India, Portugal, South Africa, Spain, 
Sweden, U.S.S.R., United Kingdom, 


United States, and Yugoslavia. These re- 
ported on the scientific research, experi- 
mental work, and industrial practice in the 
processing of low- grade uranium ores. Also 
included were 13 technical reports by ex- 
perts from most of the countries.“ 

Bureau of Mines metallurgists presented 
a paper at the above-mentioned IAEA 
symposium, which disclosed that about 
200 pounds of UsOs per day was recov- 
ered by ion exchange from New Mexico 
mine waters containing from 5 to 15 parts 
per million of UsOs. Uranium had also 
been found in solutions resulting from 
the leaching of copper-mine waste rock at 
most of the major copper mines in the 
Western United States. While uranium was 
not being recovered from these solutions 
currently, a potential production of up to 
6,000 pounds per day appeared to be pos- 
sible.*? 

Solution mining of underground ura- 
nium ore in formations below the water 
table was tested in the Shirley basin in 
Wyoming. Average production was 500 
pounds of UsOs per day. The method 
involves the introduction of nitric acid 


37 Finch, Warren I. Geology of Epigenetic 
Uranium Deposits in Sandstone in the United 
States. Geol. Survey Prof. Paper 538, 1967, 121 


pp. 

38 Johnson, H. S., Jr. Uranium Deposits of 
the Moab, Monticello, White Canyon, and 
Monument Valley Districts, Utah and Arizona. 
Geol. Survey Bull. 1222-H, 1967, 53 pp. 

39 Wolcott, D. E. Geology of the Hot Springs 
Quadrangle, Fall River and Custer Counties, S. 
ri Geol. Survey Bull. 1063-K, 1967, pp. 427- 

40 Post, E. V. Geology of the Cascade Springs 
Qiadrangle, Fall River County, S. Dak. Geol. 
Survey Bull. 1063-L, 1967, pp. 448—504. 

41 Davidson, E. S. Geology of the Circle Cliffs 
Area, Garfield and Kane Counties, Utah. Geol. 
Survey Bull. 1229, 1967, 140 pp. 

42 Frondel, J. W., Michael Fleischer, and R. 
S. Jones. Glossary of Uranium- and Thorium- 
Bearing Minerals. Geol. Survey Bull. 1250, 1967, 
4th ed., 69 pp. 

43 Hewitt, D. F. Uranium and Thorium De- 
posits of Southern Ontario. Ontario Dept. of 
Mines, Mineral Resources Circ. No. 4, 1967, 76 


DD. 

as Griffith, J. W. The Uranium Industry—Its 
History, Technology, and Prospects. Mineral 
Resources Division, Dept. of Energy, Mines, and 


Resources, Ottawa, Canada, Min. Rept. 12, 
1967, 335 pp. 
45 Hickman, R. C., and V. J. Lynch. Chat- 


tanooga Shale Investigations. BuMines Rept. of 
Inv. 6982, 1967, 55 pp. 

46 International Atomic Energy Agency. Pro- 
ceedings of a Panel on Processing of Low-Grade 
Uranium Ores. Vienna, Austria. 1967. 247 pp. 
(Available from National Agency for Interna- 
tional Publications, Inc., New York.) 

47 George, D. R., and J. R. Ross. Proc. Panel 
on Processing of Low-Grade Uranium Ores, 
Vienna. June 27-July 1, 1966. International 


SE Agency, Vienna, Austria, 1967, pp. 227— 
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solution through a cluster of injection 
wells drilled into the ore zone and pump- 
ing water and solution from a centrally 
located recovery well. A controlled pressure 
gradient is maintained between the injec- 
tion wells and the recovery well. Uranium 
was recovered from pumped solution by 
solvent extraction.“ | 

In France, at the Ecarpiére deposit, De- 
partment of the Vendée, uranium recovery 
from mine waters was accelerated by 1e- 
circulation and artiticial watering of trac- 
tured country rock and caved and ied 
stopes. About 35 metric tons of uranium 
is recovered annually. 

The rapid acceptance of nuclear power- 
plants has accelerated interest in tne de- 
velopment of fast-breeder reactors. Current 
reactors utilize only about 1 percent of the 
uranium, and greater efficiency of utiliza- 
tion will be necessary to meet the world’s 
future power requirements. Breeder 
reactors would extend our energy resources 
almost indefinitely. AEC has given top 
priority to developing the liquid-metal 
fast-breeder reactor, which it considers to 
be the prime contender for producing 
power at competitive costs. Problem areas 
are many, of which fuels and materials 
constitute major ones. Work in this field 
was conducted at the Argonne and Oak 
Ridge National Laboratories and at the 
Experimental Breeder Reactor-II (EBR- 
II) at the National Reactor Testing Sta- 
tion in Idaho, which was operated at 45 
thermal megawatts. While much data had 
been accumulated, in-pile performance 
data were inadequate as yet. Culmination 
of all the studies, developments, experi- 
ments, and testing is expected to permit 
the design of a prototype plant sometime 
in the 1970’s.°° 

The historic Experimental Boiling 
Water Reactor (EBWR) at Argonne Na- 
tional Laboratory, near Chicago, III., was 
retired after 11 years of service. It was the 
first boiling water reactor to operate with 
a plutonium core which contained 31 
pounds of plutonium. If future power 
reactors can use plutonium, world re- 
serves of fissionable fuel will increase 
vastly.) 

Technologic advances in peaceful uses 
for nuclear energy, besides those for 
nuclear power, continued throughout 1967. 
Five groups of projects came closer to 
fruition during the year: (1) A nuclear 
explosion for Project Gasbuggy, designed 
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to stimulate gas flow in a tight rock for- 
mation, was detonated on December 10; 
(2) two similar proposals were in the plan- 
ning stage Project Dragon Trial, pro- 
posed by Continental Oil Co., and Project 
Rulison, proposed by Austral Oil Co.; (3) 
Project Bronco, proposed by CER Geo- 
nuclear Corp., Las Vegas, Nev., acting for 
18 oil companies, to conduct a nuclear test 
in oil shale aimed at developing an eco- 
nomical in sttu oil recovery process; (4) 
Project Sloop, a scheme proposed by Ken- 
necott Copper Corp. to fracture a low- 
grade ore body and permit copper recovery 
by inplace leaching; and (5) Project 
Ketch, a proposal by Columbia Gas System 
Service Corp. of New York City, to use 
nuclear explosives to create underground 
storage for natural gas.™ 

Gasbuggy was the first joint Govern- 
ment-industry experiment in the Plowshare 
program. Final results will not be available 
for about 2 years, but the initial results 
were encouraging.? The objective is to 
obtain data to determine whether nuclear 
explosives can be used to stimulate re- 
covery of gas from formations where the 
gas is not presently recoverable econom- 
ically. The explosive charge was placed at 
a depth of 4,240 feet and released energy 
equivalent to 26 kilotons of TNT (1 kilo- 
ton approximates 1 x 10? calories). A 
chimney of broken rock 333 feet high was 
formed, almost exactly as expected. Instru- 
ments indicated that fractures in the rock 
around the chimney extended out about 
440 feet. The Bureau of Mines has esti- 
mated that successful nuclear stimulation 
could more than double the known re- 
serves of nearly 300 trillion cubic feet of 
natural gas. 


48 Engineering and Mining Journal. New 
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in Place. V. 168, No. 5, May 1967, pp. 106— 
107. 
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116, No. 5, May 1967, pp. 373, 375. 
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i as v. 24, No. 12, December 1966, pp. 
41-47. 
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1966, pp. 21-22. 
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Vanadium 


By Gilbert L. DeHuff 


The strong demand and high produc- 
tion that characterized the vanadium in- 
dustry through 1966 eased somewhat in 
1967. The overall supply situation was 
greatly improved relative to demand by 
yearend, both at home and abroad. Prices 
for the pentoxide dropped back to the 
levels of the latter half of 1965, after hav- 
ing increased in 1966. 


Legislation and Government Programs. 
—Early in January the Office of Emer- 
gency Planning (OEP) increased the con- 
ventional war stockpile objective for 
vanadium, from 1,400 to 1,500 short tons 
of contained vanadium. The portion con- 
tained in ferrovanadium remained at 1,200 
tons so that the entire increase was in 
pentoxide. At approximately the same time, 
OEP announced a nuclear war objective 
for vanadium of 60 tons. However, all 
vanadium stockpiling actions are controlled 
by the higher objective. 

There were no sales or offerings of sur- 


plus Government stocks in 1967. In late 
February 1966, the last of the Atomic 
Energy Commission (AEC) stocks (1,971 
tons of vanadium pentoxide containing 
1,104 tons of vanadium) was: sold by Gen- 
eral Services Administration (GSA) on 
a competitive bid basis. In May, President 
Johnson authorized disposal of the surplus 
vanadium in the national stockpile—ap- 
proximately 6,450 tons contained in 
vanadium pentoxide. Of this quantity, 
2,242 tons (4,003 tons of pentoxide) was 
sold before the end of 1966. A condition 
of all sales was that the purchased oxide 
would be consumed domestically within a 
specified time. 

As of December 31, 1967, the national 
stockpile inventory totaled 5,609 tons of 
vanadium, of which 1,200 tons was con- 
tained in ferrovanadium and the remain- 


der in vanadium pentoxide. 


1 Commodity specialist, Division of Mineral 


Studies. 


Table 1.—Salient vanadium statistics 


(Short tons of contained vanadium) 


United States: 
Production: 
Ore and concentrate: 


Recoverable vanadium !............... 


Vanadium pentoxide recovered... .......... 
Consumption 


Exports: 


Ferrovanadium and other vanadium alloying 


materials (gross weight) 
Vanadium ores, concentrate, oxides, and vana- 


Ferrovanadium (gross weight) 
Ore and concentrate 
World: Production 


1963 1964 1965 1966 1967 
Ge 3,862 4,862 9,226 9,166 4,963 
$13,788 $13,061 $18,284 $22,210 921.331 
m ,8 5,049 6,160 6,496 5,921 
Se 2 , 906 3,550 4,708 5,481 5,170 
183 103 220 482 351 
Bud 536 1,231 928 886 788 
Sas 442 466 51 8 14 
e 12" sunat 12 42 
seis 7,917 8,573 9,884 10,029 10,595 


! Measured by receipts of uranium and vanadium ores and concentrates at mills, plus vanadium recovered 
from ferrophosphorus derived from domestic phosphate rock. 
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DOMESTIC PRODUCTION 


Western uranium-vanadium ores con- 
tinued to be the principal source of supply 
for the vanadium recovered in the United 
States. Recovery was principally in the 
form of technical-grade vanadium pent- 
oxide, but there was some direct recovery 
of ammonium metavanadate. Although 
contributing significantly to the high pro- 
duction of 1966, the vanadiferous sludges 
and other uranium-vanadium mill inter- 
mediates, accumulated when demand for 
uranium was, high and that for vanadium 


was low, were virtually exhausted by that 
yearend and were not a factor in 1967. A 
renewed interest in uranium probably 
helped to keep production of vanadium at 
a higher level than would othe: wise have 
been the case. Recovery of vanadium from 
Idaho phosphate rock continued to in- 
crease, and it was an appreciable portion 
of the total in 1967. Some fly ash, boiler 
scrapings, oil residues, spent catalysts, and 
other waste materials were included in the 
feed at western processing plants. 


Table 2.—Recoverable vanadium of domestic origin produced in 
the United States, by States 


(Short tons of contained vanadium) 


State 
Colorado.__....._.._.....--.-.--..------------- 
Utah oe So oo cuu bee . ee ees 
Arizona and other States .. 

Total clau ad stunt y m Ed LS Q ELLE 


1963 1964 1965 1966 1967 
3,047 3,312 4,017 3,697 3,317 
382 405 387 353 A71 
433 645 822 1,116 1,175 
8,862 4,362 5,226 5,166 4,963 


! Includes Idaho, 1963-67; New Mexico, 1963-67; North Dakota, 1965; Oregon, 1964; South Dakota, 


1963-67; Wyoming, 1963-67. 


Table 3.—Mine production and recoverable 
vanadium of domestic origin produced in 
the United States 


(Short tons) 


Mine 
production ! 


Recoverable 
vanadium 2 


Year 


77. Ee 6,047 8,862 
% ͤ is eue 5,184 4,362 
1965.2 ace Same 5,641 5,226 
KEEN 5,685 5, 166 
//. A 5, 088 4. 963 


! Measured by receipts of uranium and vanadium 
ores and concentrates at mills, vanadium content. 

2 Recoverable vanadium contained in uranium and 
vanadium ores and concentrates received at mills, 
plus vanadium recovered from ferrophosphorus 
derived from domestic phosphate rock. 


Vanadium Corporation of America 
merged with Foote Mineral Co. on August 
31, 1967, to become the latter’s Vancoram 
Operations. Its mill at Shiprock, N. Mex., 
together with those of American Metal 
Climax, Inc., Grand Junction, Colo.; Sus- 
quehanna-Western, Inc. (formerly Mines 
Development, Inc.), Edgemont, S. Dak.; 
and Union Carbide Corp., Rifle, Colo., 
continued to recover vanadium from 
uranium-vanadium and vanadium-uranium 
ores. In March, they were joined by Atlas 


Table 4.—Production of vanadium 
pentoxide in the United States ! 


(Short tons) 


Year Gross Nath 
weight content 
1968.2 oe EEN 7,347 6,959 
SELT PEPEE REA 9,775 9,013 
1 97ͤ».Z poe ERE 11,498 10,996 
1956... eosam 11,955 11,595 
0 ˙³˙¹A³ ee ete 10,915 10, 569 


! Includes vanadium pentoxide and metavanadate 
produced directly from all domestic sources men- 
tioned on this page, plus small byproduct 
quantities from imported chromium ores. 


Minerals, Division of Atlas Corp., when a 
new vanadium circuit at its Moab, Utah, 
uranium mill began to turn out technical- 
grade pentoxide with possibilities for am- 
monium metavanadate production later. 

Union Carbide Corp. dedicated its new 
vanadium mill at Wilson Springs, Ark., on 
May 20, but delays were, experienced in 
bringing the project (see Technology 
Section) into production. The company's 
vanadium-uranium mine, north of Rifle, 
Colo., continued to operate primarily as a 
vanadium mine. 
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CONSUMPTION AND USES 


Domestic consumption of vanadium con- 
tained in ferrovanadium, other vanadium 
alloys, metal, and some chemicals failed to 
increase in 1967 for the first time since 
1961. This was in keeping with a decline 
in steel production and a general softening 
of the economy. Consumption for nonfer- 
rous alloys however was still well abdve 
the 1965 level, although down somewhat 
from 1966. Greatly increased use of titan- 
ium in air and space applications was 
responsible for the increase in nonferrous 
alloys. It has been estimated that more 
than half of the titanium mill products 
made in the United States are composed 
of alloy containing 6 percent aluminum 
and 4 percent vanadium. Vanadium- 
aluminum master alloys continued to be 
the principal vehicle for adding vanadium 
to titanium. Use of vanadium for con- 


tinuously cast steel appeared to have 
leveled off in 1967. The future importance 
of this use remained unsettled, and prob- 
ably dependent in large part on vanadium’s 
future cost. Columbium competed for this 
and other applications in the steel in- 
dustry, particularly for line pipe and high- 
strength low-alloy constructional steels. 
The chemical industry continued to con- 
sume vanadium compounds in quantity, in 
large part in the form of catalysts for pro- 
duction of sulfuric acid, ethlyene-propylene 
synthetic rubber, plastics, and various 
organic compounds. 

Consumption of technical-grade vana- 
dium oxide by producers of ferrovanadium, 
Carvan, master alloys, metal, and some 
vanadium chemicals was 4,396 short tons 
of contained vanadium, compared with 
8,282 tons in 1966. Both figures include a 


Table 5.—Vanadium consumed and in stock in the United States in 
1967, by type of material 


(Short tons of vanadium) 


Type of material 


consumer plants Consumption P 


Stocks at 
consumer plants 
Dec, 31, 1967 P 


Stocks at 
Dec. 31, 1966 


Ferrovanadium ni 1,696 4,243 1,001 
ar TEE 47 142 25 
Ammonium metavanadate 2 2 222 222.2. 58 112 15 
RI ET EE Eege 168 673 129 
77% ae 0¹½ 2A 1,969 5,170 1,170 


p aaa mt Ç 

1 Includes other vanadium-carbon-iron alloys. 

2 Consists principally of vanadium-aluminum alloy and relatively small quantities of other vanadium alloys 
and vanadium metal. 


Table 6.—Vanadium consumed in the United States in 1967, by uses 


Use Short tons P 

eds ^ h d 486 
AE e «occu ͥͥ—5i ẽĩͤ ũ D. ²˙] M te ene EcL LI ð ß m t Ede 

Hat-work and other ff,, k 263 

ed HIT ` sane ons Add ⁰ ² y as Bae ota ·o²e/ͥ mw. 88 45 

Other alloy t= ³o¹wm Seca Eeer 2,765 

Carbon. uo Sa REO d A II Uu Mu DM OY See EE 814 

E EE 4,978 

Gray and malleable castings__.._.__...------------------------------------------------ 30 

Nonferrous alloys gs. ßß kee we we ea eek 565 

Chemicals JJ d Ba NN vt 127 

Other o o cure Ee fr. 8 75 

Grand total... .—-- co See ee he eee us eee ³ðA b Be tmd c 5,170 


P Preliminary. 

1 Includes some vanadium used in high-speed or cther tool stecls not specified by reporting firms. 
2 Principally titanium-base alloys. . 

3 Principally high-temperature alloys, welding rods, and cutting and wear-resistant materials. 
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relatively small quantity of vanadium con- 
tained in other feed materials. The quan- 
tity of oxide consumed in 1966 was abnor- 
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mally high because government sales of 
pentoxide required domestic consumption 
or conversion within a limited time. 


STOCKS 


Producer’s stocks of vanadium as fused 
oxide, precipitated oxide, metavanadate, 
metal, alloys, and chemicals, totaled 2,231 
short tons of contained vanadium at year- 
end. This quantity is in addition to the 
consumers’ inventory reported in table 5, 
and compares with 1,684 tons at the end 
of 1966 and a revised figure of 1,389 tons 


for the end of 1965. Included are some 
feed materials other than oxides and 
metavanadate. Vanadium contained in 
stocks of intermediates, sludges, and tail- 
ings held by oxide producers is not in- 
cluded in either of these figures. However, 
this appears to have been only a small 
quantity at the end of 1966 and 1967. 


PRICES 


Prices for technical-grade vanadium 
pentoxide dropped during the year. Metals 
Week quotations on merchant pentoxide 
for export were carried over from 1966 at 
$1.60 to $1.75 per pound of contained 
VzOs, and continued as such until May 
1967. Then in a series of steps, prices drop- 
ped until by yearend they had reached 
$1.05 to $1.15, Las U.S. shipping port. 
Most domestic sales appear to have been 
made within a range of $1.22 to $1.30, 
f.o.b. mill, in the first part of the year, 
but it is probable that some domestic spot 
sales were made at higher prices in the 
first few months. Prices for domestic sales 
were down to $1.05 to $1.10 by yearend. 
Although pentoxide prices rose in 1966, 
the increase for domestic transactions was 
checked by Government sales. The AEC 
stocks were sold at prices averaging $1.22, 
but ranging from $1.17 to $1.5275 per 
pound of contained V2Os, f.o.b. carrier's 
conveyance at storage location. Later in 
1966 sales from national stockpile stocks 
were all made at a set price of $1.22. 

Contract prices for South African 
pentoxide to be delivered to the United 


Kingdom were cut 15 cents, to $1.15, 
for the fourth quarter of 1967 and to $1.05 
for the first quarter of 1968. Japanese 
consumers of pentoxide were paying only 
$1.10, delivered, by the end of September, 
and the price was reported to be down to 
$1.05 in December. 

The November 21, 1966 price of Carvan, 
$2.38 per pound of contained vanadium, 
f.o.b. Marietta, Ohio, remained effective 
through 1967. However in mid-December 
an 8-cent increase was announced for ship- 
ments beginning January 2, 1968. Ferro- 
vanadium prices, after increasing through 
1965 and 1966, fell in 1967. For the first 
4 months, Metals Weeks quoted merchant 
alloy containing 52 to 57 percent vanadium 
at $3.50 to $3.75 for export and $3.35 to 
$3.50 for domestic sales, per pound of 
contained vanadium. By yearend these 
quotations had both dropped to $2.80 to 
$2.90, f.o.b. shipping point, freight equal- 
ized to nearest main producer. This ap- 
peared to be a reasonable representation 
of the actual market at that time with most 
sales at the upper end of the range. 


FOREIGN TRADE 


lhe average declared value for exports 
of ore, concentrates, and technical-grade 
oxides, was $1.44 per pound of contained 
vanadium pentoxide in 1967 and $1.34 in 
1966. The average declared value of ferro- 
vanadium exported in 1967 was $1.99 per 
pound of alloy, compared with $2.29 in 
1966. Quantities for both categories of ex- 
ports were somewhat less in 1967 than in 


1966. 


Imports classified as ore and concentrates 
in 1967 contained 75 tons of vanadium 
pentoxide and came from the Netherlands 
and the Netherlands Antilles. 

Tariff.—Presidential Proclamation 3822, 
signed December 16, 1967, authorized 
those tariff reductions that were promised 
by the Kennedy Round of negotiations 
earlier in the year. As a result, the follow- 
ing reductions in rates of duty, applicable 
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Table 7.—U.S. exports of vanadium, by countries 


(Thousand pounds) 


Ferrovanadium and other 


Vanadium ore, 
concentrates, pentoxide, 


vanadium alloying vanadic acid, vanadium 


Destination materials containing over oxide, and vanadates 
6 percent vanadium (except chemically pure 
(gross weight) grade) 
(vanadium content) 
1966 1967 1966 1967 
JJ > = x= > d 
ArgenilhH2.- ß Ee ß Su adsit ms 8 
///!!! y cheeses. AE 86 64 
J ³Üwwmm. ⁰ydm o- é y r y E EERE 329 361 
Belgium-Luxembourg.  .....2.2...  .l22-2-----. III E 
Pf! ]·² ..... eta neces sense 22 D- ususqa haves 1 
Canada. um ee 654 448 31 31 
CIC sso fos oe ls He o D ee A y eR 10. 1242992 
keet dd AE aleman x PEE ad aeaa 
Czechoslovakia__._........_.__--.-.---_---------- 2222222222 ee eee eee 164 75 
Denmark... od Gê G d ]ꝗ AAA 8 N 
hog Illlll.x a ⁰•¼·mqꝛ ⅛⁊; K mm kaise ` napua asa 2 70 296 
Germany, We et LS 52 262 
Jö ͥ okies nd Shu eue ues 8%))%é%«»— Vaesuse m5 87 
JEDE o eer ⁵ ] “ a .. 8 560 264 
I ertum ate nea 95 141 13 4 
Netherlands -2.222200 27 20 IIA Jul elect 
LIT coo EEN QI. Ee, de 2 
SWedÉn-:c 5. seco yy AD QS Qua Sisa ax sss 2 201 144 
J ³˙A.¹m m yy Su mr 14 suro 
United Kingdom. „ gi e veio 8 81 
Venezuela________ vos deet EE 8 42 So nac 2222 ss 
Total: 
Hatt 8 964 702 1.771 1. 575 
Value (thousands)... .-.-- $2,209 $1,398 $4,226 $4,043 
Table 8.—U.S. imports of ferrovanadium, by countries 
(Thousand pounds and thousand dollars) 
General imports Imports for consumption 
Country 1966 v 1967 1966 1967 
Gross Value Gros Value Gross Value Gross Value 
weight weight weight weight 
Belgium- Luxembourg 12 J˙éðrð— wwL⅛¾. —·˙Üũʃ bebo 
Germany, Weste 16 $88 15 37 16 $38 15 $37 
TOfal WEE 16 38 27 61 16 38 15 37 
r U.S.S.R. revised to none. 
to most countries, became effective Janu- 6382.68 Alloys of Darum, poron ca: 
ary 1, 1968, for the calendar year 1968. ( ae ee, 39 
These will be further reduced in approxi- EN ET Ammonium yanedste MER z 2 
mately equal annual steps until on Janu- 421.60 Sodium vanadate. I III. 32 2815 
ary 1, 1972, they will roughly equal half 422.58 Vanadium carbide. - „ Ey 12.5 11 
the rates in effect in 1967. E e wer ` ee 
422.62 Other vanadium compounds.. 32 28.5 
Percent ad 423.94 Mixtures of two or more in- 
TSUS valorem organic compounds, in chief 
Number Article 1967 1968 value of vanadium 32 28. 5 
607.70 Ferrovanadiumm . 12.5 11 427.22 Vanadium salts of organic 
682.58 Vanadium metal............ 10 9 eil. 8 32 28. 5 


Vanadium ore and concentrate continued to be free 
of duty. 
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WORLD REVIEW 


In addition to the production reported 
in table 9, the U.S.S.R. produced vana- 
diferous slags from iron ores, and some 
other countries had relatively small unre- 
ported production from secondary sources 
or of a byproduct nature. Canada has re- 
covered vanadium pentoxide from oil 
residues since 1965. Beginning somewhat 
earlier, Japan has been producing am- 
monium metavanadate and/or vanadium 
pentoxide from waste sulfuric acid result- 
ing from the production of titanium 


dioxide. West Germany recovered a vana- 
dium product from South-West African 
lead-vanadium concentrates (credited in 
table 9 to South-West Africa), and prob- 
ably from other unreported byproduct or 
secondary sources as well. It is presumed 
that France still recovers vanadium 
pentoxide as a byproduct of bauxite pro- 
cessing, and possibly from other sources. 
Italy and Sweden may also have recovered 
vanadium from some of the above sources 
in the past 2 years or more. 


Table 9.— World production of vanadium in ores and concentrates,! by countries 


(Short tons) 


Country 


Finland... eset ERI SUERC CHEN 


South Africa, Republic oft 
South-West Africa (recoverable vanadium). ....... 
United States (recoverable vanadium)............. 


* Estimate. p Gi Eet r Revised 
! Figures for Finland and Repub 


1963 1964 1965 1966 1967 
771 1,084 * 1, 063 1.069 1,292 

ut 755 740 750 730 740 
1,392 1.282 1,519 1.711 2,100 
1.134 1,102 1,275 1,358 1.500 
3.862 4.362 5,226 5.166 4,968 
7.917 8.573 9.834 10.029 10,595 


lic of South Africa are for vanadium in vanadium pentoxide product. 


The U.S.S.R. had vanadium production, but data are insufficient for estimation. 


2 Compiled mostly from data available March 1968. 


3 Total is of listed figures only; no undisclosed data included. 


Australia. —A Western Australia Mines 
Department mapping party found titani- 
ferous vanadium-iron deposits, outcropping 
over an 11- by 614 mile area in the Jame- 
son Range, 520 miles northeast of Kalgo- 
orlie and some 900 miles inland from 
Perth. Based on cursory examination, the 
quantity of ore in the deposits was tenta- 
tively estimated to be 100 million tons. 
Vanadium analyses of seven random 
samples ranged from 0.82 to 2.42 percent.’ 

Canada. Facilities to recover vanadium 
from the Athabaska tar sands may be in- 
stalled within 2 to 4 years at Fort Mc- 
Murray, Alberta, where recovery of oil 
from these sands was begun in 1967 by 
Great Canadian Oil Sands Ltd. It has been 
estimated that this source could supply 30 
percent of annual U.S.-Canadian demand 
at current consumption rates? The Mon- 
treal East refinery of Canadian Petrofina 
Ltd. continued to be Canada's only vana- 
dium producer. At the beginning of 1967 
it reportedly had the capacity to produce 
1,000 pounds of vanadium pentoxide per 
day. 


Finland.—Covernment-owned Otanmaki 
Oy, the only producer, increased produc- 
tion capacity of vanadium pentoxide ap- 
proximately 20 percent in 1968-67, to 
2,300 short tons. Production continued to 
come from underground mining of nearly 
vertical lenticular magnetite4lmenite de- 
posits associated with anorthosite and 
amphibolite, and a depth of 2,000 feet 
was reached. Vanadium values occurred 
with the magnetite rather than the ilmenite 
and varied directly with the magnetite 
content. | 

Norway.—After having been a producer 
and exporter of vanadiferous slag and 
vanadiferous pig iron for some years, the 


Bremanger Smelteverk division of Christi- 


ania Spigerverk changed to production of 
ferrovanadium for export in 1966. The 
source of the vanadium was the titaniferous 
magnetite ore of the Rødsand mine. 


— aan a -— ——— — 


? Mining Journal (London). V. 268, No. 6868, 


Apr. 7, 1967, p. 257. 
5 Oil and Gas Journal. Athabaska Crude To 


Hit Pipeline Soon. V. 65, No. 41, Oct. 9, 1967, 
pp. 76-77. 


VANADIUM 


South Africa, Republic of.—Transvaal 
Vanadium Co. (Pty) Ltd., a wholly owned 
subsidiary of Highveld Steel and Vana- 
dium Corp. Ltd., continued to mine vana- 
dium-bearing titaniferous magnetite by 
opencast methods from the Bushveld com- 
plex at the Kennedy’s Vale mine in Steel- 
poort Valley. The plant near Witbank, 180 
miles from the mine, chemically processed 
the screened ore to vanadium pentoxide for 
export to the United Kingdom, continental 
Europe, and Japan. The ore was of higher 
vanadium content than is normal for the 
complex. Transvaal Vanadium leased this 
Witbank property to the parent Highveld 
Stee] and Vanadium Corp., Ltd. to be 
operated as Highveld’s Vantra division. 
Expansion in 1967 brought a 300-ton in- 
crease in its annual capacity to produce 
pentoxide. 

Construction of the integrated iron, steel, 
and vanadium works of Highveld Steel 
and Vanadium Corp. Ltd., started in 
August 1966 and proceeded on a schedule 
that will bring the entire plant into pro- 
duction in 1968. When capacity of the 
first stage of the project is reached, pos- 
sibly by the end of 1970, 23 million 
pounds of vanadium pentoxide contained 
in slag and more than 400,000 tons of 
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finished and semifinished steel will be pro- 
duced per year at the plant, which is 7 
miles west of Witbank and approximately 4 
miles from the existing Vantra plant. Con- 
tracts have been made with a number of 
American and European firms for sale of 
all of the vanadiferous slag that will be 
produced through 1971. Mapochs mine at 
Roossenekal, roughly 50 miles from the 
steel-vanadium plant site, was expected to 
begin mining in the latter part of 1967, 
with the railway extension from Stoffberg 
scheduled for completion in March 1968. 
In April 1967, Newmont Mining Corp. 
acquired a 14.5-percent interest in High- 
veld Steel and Vanadium Corp. Ltd. 

U.S. S. R. Vanadiferous slag containing 
14 to 15 percent vanadium pentoxide be- 
gan to be exported to the United Kingdom 
and West Germany in 1966, and these 
shipments continued in 1967. The U.S.S.R. 
was reported to have been a supplier of 
vanadium to Czechoslovakia for some time. 
Plans called for doubling vanadium pro- 
duction from the large low-grade iron ore 
deposit in the Urals at Mount Kachkanar 
by 1970. The deposit was developed pri- 
marily for its vanadium content, mining of 
which commenced in 1963. 


TECHNOLOGY 


The Wilson Springs (Potash Sulfur 
Springs) vanadium deposits, an important 
new resource being mined in Arkansas ap- 
proximately 6 miles southeast of Hot 
Springs and 6 miles west of the Magnet 
Cove intrusive locality, were described. 
The deposits, several in number, occur in 
the area of contact between a complex of 
alkalic igneous rocks and various Paleo- 
zoic sediments, including novaculite that 
was locally metamorphosed. Weathering 
averages 40 feet in depth over much of 
the igneous area. Vanadium content of the 
ore bodies is approximately 1 percent vana- 
dium pentoxide (0.56 percent vanadium). 
The vanadium is seldom found as a dis- 
crete mineral, but occurs instead as a 
vicarious element in several of the rock- 
forming minerals and their alteration pro- 
ducts. Columbium content of the ores be- 
ing mined is usually under 0.10 percent 
columbium pentoxide. Titanium occurs 
chiefly as anatase but in insufficient quan- 
tity for recovery.“ 

Mining was in two open pits approxi- 
mately half a mile apart and somewhat 


farther from the mill. Two 3'4-cubic yard 
diesel shovels and nine 45-ton off-highway 
trucks were used. At the indicated rate of 
operation, ore reserves exceeded 10 years’ 
supply, which is more than 6 million tons 
of ore. ‘The mill has the capacity to treat 
1,600 tons of ore per day, producing a 
modified vanadium oxide at the rate of 10 
million pounds per year. Milling includes 
a sequence of crushing, rotary kiln drying, 
grinding, salt-roasting in a rotary kiln, 
water-leaching, and solvent-extracting. The 
product will be shipped to Marietta, Ohio, 


for use as feed material in the production 


‘of Carvan. Of a total capital expenditure 


of $14 million, $2 million was for control 
of air and water pollution. 

Production of red cake, a form of vana- 
dium oxide, from the processing of 
uranium-vanadium ores requires a con- 
centration of 20 grams of vanadium pent- 
oxide per liter of solution, while produc- 


4 Hol'ingsworth, J. S. Geology of the Wilson 
Springs Vanadium Deposits. Guide Book, Geo- 
logical Society of America Field Conference, 
Little Rock, Ark., Nov. 18-19, 1967, pp. 22-28. 
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tion of ammonium metavanadate requires 
100 grams per liter. Laboratory investiga- 
tions of an autoclave process for extracting 
vanadium from ferrophosphorus produced 
alkaline leach solutions that contained 
only 7.3 grams of vanadium pentoxide per 
liter. By adding calcium chloride and ad- 
justing the pH with caustic soda, dicalcium 
vanadate was precipitated. This was then 
dissolved with sulfuric acid or sodium bi- 
carbonate solution to give liquors contain- 
ing 25 to 125 grams of vanadium pentoxide 
per liter, from which red cake or am- 
monium metavanadate was obtained by 
conventional methods. Recoveries were 
excellent for each step 

Ductile vanadium metal is a promising 
material for protecting the fuel elements 
of the breeder type of nuclear reactors. 
Ductility of the metal increases with its 
purity. In experiments conducted by the 
Bureau of Mines, 100-gram buttons of 
commercial-grade vanadium were melted 
in a 100-kw electron-beam furnace. Hydro- 
gen content was reduced to 3 ppm or less, 
oxygen and carbon to less than 100 ppm 
each, and metallic impurities to 10 to 500 
ppm each.“ Laboratory-scale investigations 
of molten-salt electrorefining of vanadium 
in a helium atmosphere produced ductile 
99.6-percent vanadium metal from a com- 
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mercial 90-percent grade. Recovery of 87 
percent was obtained with a CaCl,NaCl- 
VCl: electrolyte, and 85 percent with 
KCI-LiCI-VCl." With the latter electro- 
lyte, extremely ductile vanadium of more 
than 99.9-percent purity was obtained from 
ductile scrap analyzing 99.4 percent vana- 
dium.* 

In man's ventures into the outer and 
submarine spaces, the strength and oxida- 
tion resistance of the metals that will be 
used are prime considerations. Bureau re- 
search with certain binary and ternary 
vanadium alloys of tungsten and chromium 
found them to have improved tensile 
strength and oxidation resistance as com- 
pared with unalloyed vanadium.’ 


$ Chindgren, C. J., L. C. Bauerle, and B. K. 
Shibler. Calcium Vanadate Precipitation and 
Processing. BuMines Rept. of Inv. 7058, 1967, 


17 pp. 

6 Anable, W. E. Electron-Beam Purification of 
55 BuMines Rept. of Inv. 7014, 1967. 

pp. 

7 Lei, K. P. V., F. R. Cattoir, and T. A. Sul- 
livan. An Electrolytic Process for Producing 
Ductile Vanadium. BuMines Rept. of Inv. 6972, 
1967, 22 pp. 

8 Lei, K. P. V., and T. A. Sullivan. Molten- 
Salt Electrorefining Vanadium Scrap. BuMines 
Rept. of Inv. 7036, 1967, 18 pp. 

9 Mathews, D. R., and H. G. Iverson. Prop- 
erties of Vanadium-Base Tungsten and Chrom- 
m Alloys. BuMines Rept. of Inv. 6929, 1967, 
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Vermiculite 


By Timothy C. May' 


As a result of reduced construction 
activity the market for vermiculite fell in 
1967. Crude vermiculite production in 
1967 was 3 percent lower in volume but 
slightly higher in value than in 1966. The 
output of exfoliated vermiculite in 1967 


was 7 percent lower than in 1966 and the 
total value was 5 percent less. The average 
value per ton of crude vermiculite in- 
creased 3 percent and that of exfoliated 
vermiculite almost 2 percent. 


Table 1.—Vermiculite production statistics 


1963 1964 1965 1966 1967 
United States: 
Production: 

Crude thousand short tons 226 226 249 262 225 
Value thousand dollars. 33, 572 $3,613 ,460 $4,954 $4,974 
Average value per ton 5.81 $15.99 $17.91 $18.91 $19.51 
Exfoliated..... thousand short tons 172 171 177 19 180 
Value........ thousand dollars $18,877 $13,862 $13,424 $15,130 $14,378 
Average value per ton.......... $80.68 $78.32 $75.84 $78.39 $79.88 

World: Production crude 
thousand short tons. . 329 343 380 382 368 


DOMESTIC PRODUCTION 


Crude  Vermiculite.—Production  de- 
clined 3 percent in 1967 to 255,000 tons. 
Five companies operating six mines pro- 
duced the entire domestic output. Pro- 
ducers were W. R. Grace and Co., Zonolite 
Division, with mines in Lincoln County, 
Mont., and Laurens County, S.C.; Solo- 
man's Mines Inc., Maricopa County, Ariz.; 
Patterson Vermiculite Co., Laurens County, 
SC: Perlite Producers, Inc., Llano 
County, Tex.; and D. L. Howe, Platte 
County, Wyo. 


Exfoliated Vermiculite.—Production of 
exfoliated material declined 7 percent in 
quantity and 5 percent in value from the 
levels of 1966. Twenty-six companies oper- 
ating 53 plants produced 180,000 tons of 
exfoliated material for domestic consump- 
tion. The major producing States and 
respective number of plants were as 
follows: California, 3; Texas, 4; Florida, 
4; South Carolina, 3; and Illinois, 3. 
These States accounted for 40 percent of 
exfoliated vermiculite production. 


CONSUMPTION AND USES 


Producers of exfoliated vermiculite re- 
ported the following end use pattern for 
1967; Aggregates (concrete, plaster, ce- 
ment) 43 percent; insulation (loose fill, 


block, pipe covering, packing) 36 percent; 


agriculture (horticulture, soil conditioning, 


fertilizer carrier, litter) 17 percent; and 
miscellaneous 4 percent. The end use 
pattern changed only slightly from that 
of 1966. 


1Commodity specialist, Division of Mineral 
Studies. 
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PRICES 


The average value of crude vermiculite, 
screened and cleaned, at the mine, was 
$19.51 per short ton, compared with 
$18.91 in 1966. The average value of the 
exfoliated vermiculite f. o.b. producers 
plant was $79.88 per ton in 1967, com- 
pared with $78.39 in 1966. During the 


year, Metals Week quoted crude vermic- 
ulite from Montana and South Carolina 
at $18-$35 per ton Lob mine; and 
material from the Republic of South 
Africa at $25.55-$40.15 per ton cif. 
Atlantic ports. 


FOREIGN TRADE 


Imports of crude vermiculite from the 
Republic of South Africa in 1966 were 49 
percent lower than in 1965. Crude ver- 


miculite is imported duty free into the 
United States. 


WORLD REVIEW 


Canada.—Imported crude vermiculite 
from the United States and Transvaal, 
Republic of South Africa was exfoliated 
in Canada. Six companies produced ex- 
foliated vermiculite at 11 locations in 
1966: Calgary, Alberta; Vancouver, 
British Columbia, (two); Winnipeg and 


St. Boniface, Manitoba; St. Thomas, 
Stanleyville, and Toronto, Ontario; 
Lachine and Montreal, Quebec; and 


Regina, Saskatchewan. 

In 1966, 314,916 cubic yards of ex- 
foliated vermiculite valued at Can 
$2,594,819 was produced. Loose insulation 
consumed 72 percent, 6 percent less than 
1965; plaster accounted for 14 percent; 
insulating concrete consumed 11 percent; 
3 percent was used for minor purposes, 


including soil and fertilizer conditioners, 
underground pipe insulation and barbecue 
base. Exfoliated vermiculite sold at Can 


$0.25 to Can $0.30 per cubic foot, f.o.b. 
plant.? 


South Africa, Republic of.—Crude 
vermiculite production in 1967 was 2 per- 
cent lower than in 1966. Local sales of 
vermiculite in 1967 amounted to 4,998 
short tons, a decrease of 31 percent from 
1965 sales. Total exports were 23 percent 
higher than in 1966. Vermiculite was pro- 
duced by the Transvaal Ore Co. Ltd., at 


Phalaborwa. 


2 Wilson, H. S. Lightweight Aggregates 1966. 


Canada Dept. Mines and ech. Surveys 


(Ottawa), June 1967, p. 4. 


Table 2.—Free world production of vermiculite by countries ! 
(Short tons) 


Country 1963 1964 1965 1966 1967 » 

| 

A CNG RN RN TH S mus 3,064 4,071 1,857 er 2,200 NA 
Brazil %; R? 8 N NA NA 441 240 
Iii! 8 746 473 807 551 409 
EP fõõ ³ (nu AAA 8 101 37 24 84 277 
South Africa, Republic off 98,758 111,872 ` 126,911 113,732 111,886 
Paz: eee eee ees 3 144 108 177 100 
United Arab Republic._.._..--------------- 233 2 459 ? 639 32,057 NA 
United States (sold or used by producers) 226,278 226,299 249, 352 262,321 255,000 

Pf... 8 329,010 343,355 379,698 * 381,563 367,912 : 


e Estimate. » Preliminary. r Revised. 
? Includes mica. 


3 Includes asbestos. 


mg 


NA Not available. 
1 Compiled mostly from data available June 1968. 


Total is of listed figures only; no undisclosed data included. 
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Table 3.—Republic of South Africa: Exports of crude vermiculite by countries 
(Short tons) 


Destination 1965 1966 1967 
Austrália u l L. i ee eo wee ula dee anes 3,233 2,549 
CAN GOS uQ ach pd oe ³˙˙A eee tee aa ie 2,866 2,565 
Denmark odo oL . alas Sua S ILES eee 1.928. Jim 
REES 10,138 8,523 
Germany, Wee 11,162 11,619 
IU mex" 829 2222222- 
ö. et el et oa eae ia 8 12,715 14,123| NA 
JJGõͤõĩõĩ ⁵ð e TP TT 2,955 
Nene ee i De 1,291 1,216 
SPAN eead nee tuy in a iS !!! Ste RET OR RN Meee S iS usss 2,770 2, 460 | 
e EE 785 965 | 
United Kingdo n 37,535 27,277 
ul ð y y Ed RE da 16,692 8 , 432 | 
Other countries 4,667 3,207) 
% ͥͥ ³ĩ¹ð¹¹ 0A ˙¹· r ³Ä.0AA 8 106,011 r 85,891 105, 346 
Total value ů . 51,912,130 * $1,576,986 $2,057,488 
Average value $18.04 r $18.36 $19.53 


r Revised. NA Not available. 
doe to U.S. currency at the rate of 1 rand equals US$1.3927 (1965), US$1.3913 (1966), and US$1.398 
7). 
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W ater 


By J. Robert Wells? 


The first Minerals Yearbook chapter 
devoted entirely to the subject of water 
appeared in 1954. That chapter discussed 
serious water shortages in some parts of 
the United States and directed attention 
to the urgency of expanding usable supplies 
by all possible means, especially by the 
promotion of processes and installations 
for the beneficiation of brackish and saline 
waters and by efforts to reverse the grow- 
ing trend toward ruinous pollution. At 
that time the United States had about 160 
million inhabitants and was using, from all 
sources of supply and for all purposes 
other than for the generation of hydro- 
electric power, a total of approximately 
250,000 million gallons of water per day. 
Today the population of the United States 
has rolled past the 200 million mark, and 
the use of water per capita has gone up 
steadily in the interim. In 1967, as com- 
pared to 1954 figures, 25 percent more 
people were using 15 percent more water 
per individual, to push the total demand 
14 percent higher. All-source withdrawals 
of water for all nonhydroelectric uses 
amounted to about 360,000 million gallons 
per day, and it is an understatement to 
say that the increases in both population 
and per-capita demand since: 1954 have 
interacted to aggravate the Nation's water 
problems. 

The extent to which the pollution pre- 
dicament has remained unresolved was 
high-lighted recently in a speech by 
Senator Gaylord Nelson of Wisconsin with 
the pardonable hyperbole, “We Americans 
are standing ankle-deep in sewage, shooting 
rockets to the moon." President Johnson 
provided more food for sober thought with 
the starkly unexaggerated and unadorned 
statement, “It should be clear by now that 
we are in a race with disaster. Either the 
world's water needs will be met, or the 
inevitable result will be mass starvation in 
the world, mass epidemic in the world, 


mass poverty greater than anything you 
have ever seen before." 


Legislation and Government Programs. 
—A plentiful and widely available provi- 
sion of high-quality water is a resource 
of preeminent desirability, and efforts to 
secure and safeguard such a supply for 
all parts of the Nation are among the 
prime responsibilities of the Department 
of the Interior. Functions of the Depart- 
ment directly involved in water matters 
were administered in 1967 by the Office 
of the Assistant Secretary—Water and 
Power Development, and by the Office of 
the Assistant Secretary—Water Pollution 
Control. Performance of those functions 
was primarily allocated to the Office of 
Water Resource Research, the Federal 
Water Pollution Control Administration, 
the Office of Saline Water, the Bureau of 
Reclamation, and the Geological Survey's 
Water Resources Division. Other agencies 
of the Interior Department with less direct 
but still substantial involvement in water- 
related activities included the Bureau of 
Mines, the Fish and Wildlife Service, the 
Bureau of Outdoor Recreation, the Na- 
tional Park Service, the Bureau of Indian 
Affairs, and a number of regional power 
administration offices. The Department of 
Health, Education, and Welfare, the 
Department of Agriculture, and the De- 
partment of Commerce (Weather Bureau) 
were among additional Government 
agencies with duties significantly pertain- 
ing to the subject of water. 

In accordance with the principles of 
the Federal Water Pollution Control Act 
and in compliance with provisions of the 
Water Quality Act of 1965, the various 
States submitted their respective complia- 
tions of proposed quality standards for 
intrastate and interstate waters. By mid- 
1967 all 50 States, the District of Colum- 


1 Commodity specialist, Division of Mineral 


Studies. 
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bia, Puerto Rico, and the Virgin Islands 
had presented their specifications for con- 
sideration, and by early 1968 the process 
of reviewing and evaluating the submitted 
version was well advanced. 

The Federal Government organized and 
sponsored the International Water for 
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Peace Conference held in Washington, 
D.C., May 23-31, 1967. As a sequel to 
U.S. participation in the Conference and 
to further the aims there expressed, Pres- 
ident Johnson requested the establishment 
within the State Department of a per- 
manent Water for Peace Office. 


DOMESTIC SUPPLY 


In any given area, and indeed in the 
Nation as a whole the annual supply of 
available water, except for relatively minor 
and still statistically unimportant amounts 
from desalinization processes, is directly 
dependent upon the provision of rain or 
snow that falls somewhere on land. Pre- 
cipitation in 1967 in many parts of the 
contiguous United States substantially ex- 
ceeded the amounts recorded in 1966, and 
some of the regional deficiencies of pre- 
vious years, notably in the Northeast and 


East, were at least partly offset by frequent 
and heavy rainfall. In à number of months 
several States experienced more than 
double their normal precipitaion, and in 
4 days of September a large part of 
southern Texas received from Hurricane 
Beulah a downpour equivalent to more 
than 400 percent of the usual total ex- 
pectation for the whole month. A report 
was published in 1967 that provided a 
notable commentary on the general subject 
of water supply, domestic and worldwide.’ 


CONSUMPTION AND USES 


Bureau of Mines publications in 1966 
and 1967 included several reports on 


mineral-industry uses of water.? 


PRICES 


Quoted prices, influenced by factors as 
varied as weather and politics and by the 
quantity and quality of the water in- 
volved, as well as by the geographical 
setting, ranged from a few cents to $1 or 
more per 1,000 gallons. The U.S. average 
price per 1,000 gallons of water, pumped, 
treated, and delivered to the user's tap, 
was about $0.40, making water one of the 
cheapest of the bulk commodities at some- 
thing less than $0.10 a ton. 

In the majority of cities, bills for house- 
hold water use included charges, some- 
times separately specified, sometimes not, 
for sewer service. District of Columbia 
residents, for example, paid a minimum 
monthly charge of $13.77 for 3,600 cubic 
feet or less of metered water, of which 
$5.67 was for sewerage. The remainder, 
$8.10 for water only, was equivalent to 
about $0.30 per 1,000 gallons, provided 
the full 3,600 cubic feet was taken, or to 
a correspondingly higher unit rate if the 
actual consumption was less. Water beyond 
the first 3,600 cubic feet was billed at 


$0.15 per 100 cubic feet, equivalent to 


about $0.20 per 1,000 gallons, with an 
additional charge of 70 percent of that 
amount for sewer use. 

Water for large-volume industrial uses 
was delivered to customers at prices vary- 
ing generally from $0.01 to $0.15 per 1,000 
gallons, while farmers commonly paid 
roughly half that amount, or from $1.50 
to $15 per acre-foot (a unit equal to 325,- 
900 gallons), for irrigation water. 

Improved desalinization plants produced 
fresh water from salt-water feed at costs 
around $1 per 1,000 gallons, not greatly 
different from comparable figures in 1966, 
but conspicuously less than the $4 and $5 
quoted before the inception in 1952 of 
the Office of Saline Water program. 


2 Nace, Raymond L. Are We Running Out 
Of Water? U.S. Geol. Survey Circ. 536, 1967, 


7 pp. 

3 Gilkey, Millard M., and Ronald B. Stotel- 
meyer. Water Requirements an Uses in 
Wyoming Mineral Industries. BuMines Inf. Circ. 
8328, 1967, 92 pp. 

Hale, William N. Water Requirements and 
Uses in Montana Mineral Industries. BuMines 
Inf. Circ. 8305, 1966, 103 pp. 

Holmes, George H., Jr. Water Requirements 
and Uses in Nevada Mineral Industries. Bu- 
Mines Inf. Circ. 8288, 1966, 66 pp. 
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WORLD REVIEW 


The subject of water and its adequate 
supply continued in 1967 to be a matter of 
foremost concern throughout the world. 
According to information in current tech- 
nical and industrial periodicals, at least 
40 nations had major new water supply 
installations in the late planning stage, 
under construction, or recently put into 
service. 

In addition to those depending upon 
fresh-water sources only, about 20 countries 
were either winning at least part of their 
potable water from the sea or had de- 
salting plants in the processes of active 
study, firm planning, or actual construc- 
tion. In a land where problems of water 
supply have been a subject of major 
interest for tens of centuries, the high- 
capacity flash distillation plant recently 
completed for the Southern Peru Copper 
Corporation went into fullscale operation 
extracting three-quarters of a million gal- 
lens of drinkable water per day from the 
salty Pacific. First of its size on the southern 
continent, this installation for supplying 
potable water for the sand-encircled port 
and smelter city of Ilo, Peru, is suggestive 
of future developments along South 
American's desert west coast, some parts 
of which have never known a single drop 
of rainfall in all recorded history. 


Discussion, although not conclusive, 
continued in the matter of the proposed 
North American Water and Power Alliance 
(NAWAPA), under provisions of which 
as much as one-fifth of Canada's unused 
runoff water might be diverted from its 
present profitless escape into the Arctic 
Ocean and distributed to serve productive 
purposes in seven of her Provinces, 35 
States of the United States, and three 
northern States in Mexico. At the other 
end of the earth, it is a simpler problem 
to obtain water for New Zealand's Scott 
Base in the Antarctic, home of 90 per- 
cent of the world's ice. There the supply 
is not pumped or drawn up in buckets, nor 
does it have to be impounded in a res- 
ervoir until used. Protruding portions of 
the adjacent landscape are simply sawed 
off and stored in piles near camp for melt- 
ing as needed.* 

Secretary of the Interior Stewart L. 
Udall was the presiding officer at the 
International Conference on Water for 
Peace held May 22-31, 1967 in Washing- 
ton, D.C. Sessions of the conference, which 
attracted exhibits from 12 nations and 60 
industrial organizations, were attended by 
approximately 4,500 delegates from about 
75 participating countries. 


TECHNOLOGY 


Various branches of the U.S. Depart- 
ment of the Interior issued publications 
with significant relation to the technology 
of water. The Office of Water Resources 
Research published the annual Water 
Resources Research Catalogs, which list 
and discuss current water research proj- 
ects; the Water Resource Thesaurus, for 
indexing and retrieving the literature of 
water resources research and development; 
and a Bibliography on Socio-Economic 
Aspects of Water Resources. The Office 
of Saline Water published the 1965 and 
1966 Saline Water Conversion Reports, 
each consisting of three main sections— 
Research, Engineering and Development, 
Program Analysis and Coordination—and 
scheduled the comparable 1967 report for 
release early in 1968. The same Office also 
issued a series of Research and Develop- 
ment Progress Reports. 

Over half of the U.S. patents closely 
related to water subjects issued in 1966 


and 1967 dealt with apparatus and proces- 
ses for the desalinization of seawater. 

A treatise was published discussing the 
scientific, engineering, and economic as- 
pects of a wide variety of salt-water con- 
version processes.  Desalting processes de- 
scribed in journal articles included those 
based on electrodialysis, reverse osmosis,’ 
and reverse osmosis assisted by sonic vibra- 
tion. The suitability and performance of 


4South African Mining & Engineering 
Journal. Quarrying for Water. V. 77, No. 3849, 
Pt. 2, Nov. 11, 1966, p. 2663. 

5 Spiegler, K. S. (ed.). Principles of Desalina- 


tion. Academic Press, Inc., New York, 1966, 
566 pp. 
6 Friedlander, Henry Z., and Robert N. 


Rickles. Desalting by  Electrodialysis. Chem. 
Eng., v. 73, No. 11, May 28, 1966, pp. 153-156. 

7 Chemical Engineering. Chementator: Po- 
lymers and Water Purification. V. 74, No. 12, 
June 5, 1967, pp. 63-64. 

Sherwood, T. K., P. L. T. Brian, and R. E. 
Fisher. Desalination by Reverse Osmosis. Ind. 
& Eng. Chem. Fundamentals, v. 6, No. 1, 
February 1967, pp. 2-12. 

8 Harvey, Richard F. Sonic Vibration in De- 
salting the Sea. Chemistry, v. 40, No. 4, April 
1967, pp. 28-29. 
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various possible materials for the fabrica- 
tion of desalting plant evaporators, con- 
densers, and heat exchangers was the sub- 
ject of a number of published discussions.? 

Unforeseeable difficulties that might 
arise in the desalinization process include 
the possible danger of dezincification of 
brass fittings in contact with water of 
high chloride-to-carbonate ratio and the 
risk of the detachment of old scale de- 
posits and their migration to troublesome 
locations when established equilibria are 
disturbed by the passage through conduits 
long in service of water markedly different 
in character from that previously carried. 

Research by the Bureau of Mines con- 
tributed significantly to distillation desalt- 
ing technology with the development of a 
process for removing sulfate from the sea- 
water feed ahead of the evaporator. 
Benefits include not only the possibility of 
recovering a number of byproducts in 
advantageous form, but also and most 
especially the achievement of notably 
superior efficiency through the virtual 
elimination of scale formation in all the 
crucially important heat transfer opera- 
tions. 

A drastic reduction of waterway pollu- 
tion by green algae scum might result 
from the general application of a process 
in which an energetic reaeration step 
would be added to the customary 
activated-sludge treatment of city sewage. 
In experiments, this modification led to 
removal of almost all the contained 
phosphate, the substance chiefly to blame 
for the proliferation of the offending 
growth. On Guernsey, one of the Chan- 
nel Islands, operation was started of a 
new proces for decomposing sewage 
solids by mixing the effluents with sea- 
water that has been preelectrolyzed at 
low voltage to bring about the produc- 
tion of free chlorine and hypochlorites, 
both vigorous oxidizers.! Modern systems 
for the automatic and continuous monitor- 
ing of water supply quality were described 
in a journal article.? The Bureau of 
Mines presented the results of tests made 
to determine the effectiveness of coals and 
coal-derived materials as agents for elimi- 
nating certain undesirable organic sub- 
stances from water treatment effluents, 
and the Federal Water Pollution Control 
Administration prepared two bibliographies 
of primary importance in the field of 
water quality management.“ 

As the first of a planned series of 
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papers based on its current research for 
advantageous methods of combating the 
harmful effects of acid- and iron-bearing 
mine water overflows, the Bureau of 
Mines published a report containing in- 
formation and quantitative data  as- 
sembled during the experimental treat- 
ment of such effluents either with coarse 
limestone or quicklime or with the two 
substances employed consecutively. One 
of the authors of the Bureau report, E. 
A. Mihok, presented a related manuscript, 
“Limestone Neutralization of Mine Water, 
at the November 3, 1967, meeting of the 
Pittsburgh Section of the American In- 
stitute of Mining, Metallurgical and 
Petroleum Engineers (AIME). In addi- 
tion to the quest for remedial measures, 
the aim of the Bureau's mine water pro- 
gram includes the development of pre- 
ventive procedures such as minimizing 


discharges from active operations and 
sealing off workings that have been 
abandoned. West Virginia University, 


with a grant of $150,000 from the 
Northern West Virginia Coal Association, 
initiated research that will include a long- 
term of study of acid mine drainage in 
the Morgantown area and the construc- 
tion there of a pilot plant for the experi- 
mental treatment of stream-polluting mine 
waters. Pennsylvania State University 
geologists, with the financial support of 
the Pennsylvania Coal Research Board, 
are seeking an explanation for the fact 
that from some strip coal mines the runoff 
water remains pure enough for domestic 


9 Busche, Michael G. Water Desalination Poses 
Tough Materials Problems. Materials in Design 
Eng., v. 65, No. 2, February 1967, pp. 76-79. 

Gordon, Hugh B. How Metals Resist Sea 
Water. Materials in Design Eng., v. 65, No. 
5, May 1967, pp. 82-83. 

10 Engineering News-Record. More Air, More 
Sludge, Less Phosphates. V. 178, No. 7, Feb. 
16, 1967, pp. 36, 41. 

11 Chemical Engineering. Electrolyzed Seawater 
Sterilizes Sewage Wastes. V. 73, No. 10, May 
9, 1966, p. 98. 

12 Keyser, A. H. Water Quality Characteristics 
and Their Measurement. Instrumentation, v. 
20, No. 1, first quarter 1967, pp. 6-11. 

13 Johnson, G. E., L. . Kunda, A. J. 
Forney, and J. H. Field. The Use of Coal and 
Modified Coals as Absorbents for Removing 
Organic Contaminants From Waste Waters. 
BuMines Rept. of Inv. 6884, 1966, 56 pp. 

14 U.S. Department of the Interior, Federal 
Water Pollution Control Administration. Water 
Pollution Control, Waste Treatment and Water 
Treatment: Selected Biological References on 
Fresh and Marine Waters. 1966, 126 pp. 

. Selected List of Publications on Water 
and Water Pollution Control. June 1967, 7 pp. 

15 Deul, Maurice, and . A. Mihok. Mine 
Water Research: Neutralization. BuMines Rept. 
of Inv. 6987, 1967, 24 pp. 
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consumption while from others it may be 
so laden with pollutants that it can so 
befoul clear mountain streams that they 
are useless to man and deadly to all forms 
of aquatic life. Demonstration of a 
significant correlation between the char- 
acteristics of the individual effluents and 
those of the corresponding ambient rock 
formations might justify predictions re- 
garding the effects upon the environment 
to be expected from specific strip mining 
operations proposed for the future. 

Among innumerable articles dealing 
with water topics that appeared in popu- 
lar, industrial, and scientific periodicals, 
at least four were of major interest with 
regard to theoretical aspects of the 
fundamental chemical and physical nature 
of water.!“ The Library of Congress, 
through its National Referral Center for 
Science and Technology, issued a publica- 
tion entitled, A Dictionary of Information 
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Resources in the United States: Water” 
which describes organization and institu- 
tions engaged in research or in the collec- 
tion of data on water and water-related 
subjects. Additional information on both 
practical and theoretical water technology 
appeared in the Journal of the American 
Water Works Association; Water Re- 
sources Research (quarterly), American 
Geophysical Union; and Water Resources 
Bulletin (quarterly), American Water Re- 
sources Association. 


16 Drost-Hansen, Walter. The Puzzle of Water. 


Internat. Sci. and Technol., No. 58, October 
-966, pp. 86-88, 90, 92, 94, 96. : 

Eyring, Henry, and Mu Shik Jhon. The 
Significant Structure Theory of Water. 


SE v. 89, No. 9, September 1966, pp. 
7-1 


Smith, Cyril Stanley. Materials. Scientific 
American, v. 217, No. 8, September 1967, pp. 


69-79. 
Symons, M. C. R., M. J. Blandamer, and 
F. Fox. Is Water Kinky? New Scientist 


(London), v. 34, No. 544, May 11, 1967, pp. 
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Zinc 


By Harold J. Schroeder 


The domestic zinc industry operated at 
a substantially reduced level of activity 
with respect to mine production, smelter 
output, metal imports, and slab zinc con- 
sumption. Combined elements of metal 
supply approximately balanced demand 
although a buildup of stocks early in the 


1Commodity specialist, 


year led to a 1-cent reduction in the price 
of zinc during May and June. Strikes at 
several smelters during the last half of the 
year contributed to a drawdown of stocks 
to near start-of-the-year levels. 
Division of Mineral 
Studies. | 


Table 1.—Salient zinc statistics 


1963 1964 1965 1966 1967 
United States: 
Production: 
Domestic ores, recoverable content 
short tons. . 529,254 574,858 611,158 572,558 549,418 
Ines thousands.. $122,533 $156,308 $178,284 $166,044 $151,562 
Slab zine: 
From domestic ores. short tons. 474,007 531,967 551,215 523,580 438, 553 
From foreign ores. ...... do- 418,577 422,117 443,187 501, 486 500, 277 
From scrap............- do.... 60,308 71,596 83,619 83,263 73,505 
f! ee do- 952,887 1,025,680 1,078,021 1,108,829 1,012,335 
Secondary zine 111. do. 208 , 715 227, 713 271, 694 277, 967 247,254 
Exports of slab ane ---------- do 33, 853 26, 515 5,939 1,406 16,809 
Imports (general): 
Ores (zinc content do.... 372 , 769 357,145 428,040 521, 320 534, 092 
Slab z ine do 144,757 118,340 152, 990 278,175 222,112 
Stocks, December 31: I 
At producer plants do 47,910 31,178 28,622 64,798 81,916 
At consumer plants do.... 97,475 108,411 150,763 129,593 102,456 
Consumption: 
Slab ane do.... 1,105,113 1,207,268 1,354,092 1,410,197 1,236,808 
All classes do 1,414,216 1,535,751 1,742,067 1,806,548 1,591,997 
Price, Prime Western, East St. Louis 
cents per pound 12.01 13.57 14.50 14.50 13.85 
World: 
Production: 
l8. 6. o LL ees short tons. 4,035,975 4,432,615 4,750,780 4,960,118 5,175, 468 
Smelter -2-2-2 ----------- _... 3,844,313 4,126,982 4,354,306 4,563,224 4,233,331 
Price: Prime Western, London 
cents per pound 9.60 14.74 14.12 12.75 12.37 


1 Excludes redistilled slab ine. 
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Figure 1.—Trends in the zinc industry in the United States. 


Legislation and Government Programs. 
—The International Lead and Zinc Study 
Group met in Geneva during the second 
week in October and reviewed the current 
situation and short-term outlook of the 
world zinc industry. A study on consump- 
tion by the Special Working Group, 
published in 1966,? was reported to have 
received many favorable reviews. 

The program to stabilize the mining of 
lead and zinc by small producers, which 
provided supplemental payments for eli- 
gible production when the market price is 
less than 14.5 cents per pound, remained in 
effect until January 1, 1970 (Public Law 


89-238). Qualified producers became eli- 
gible for payments after the May price 
decline and payments of $95,317 for 8,850 
tons of zinc were made. Zinc produced 
under the Act was approximately 1.6 per- 
cent of 1967 domestic mine production. 
The General Services Administration 
(GSA) sold 24,760 tons of zinc to industry 
for domestic consumption by authority of 
Public Law 89-322 (November 1965) 
which released 200,000 tons of zinc from 
the national stockpile. Approximately 


2 International Lead and Zine Study Group. 


Lead and Zinc, Factors Affecting Consumption. 
November 1966, 83 pp. 


ZINC 


66,847 tons remained unsold at yearend. 
GSA also sold 2,166 tons of zinc for direct 
Government use by authority of Public 
Law 89-9 (April 1965) which released 
50,000 tons from the national stockpile 
for that special use. Approximately 42,600 
tons remained unsold at yearend. 
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There was 935,655 tons of zinc in the 
national (strategic) stockpile and 262,467 
tons in the supplementary stockpile at the 
end of the year. Zinc stockpile objectives 
for both conventional and nuclear war, 
determined in 1963 and 1966, respectively, 
remained at zero. 


DOMESTIC PRODUCTION 


MINE PRODUCTION 


Mines in the United States produced 
549,400 tons of recoverable zinc, the 
second consecutive year of decreased out- 
put and the smallest quantity since 1963. 
States east of the Mississippi River pro- 
duced 58 percent of the total output; 
Western States, 38 percent; and West 
Central States, 4 percent. 

The sources of zinc production in 1967, 
classified according to types of ore, were 
as follows:? 53 percent from zinc ores; 33 
percent from lead-zinc ores; 2 percent 
from lead ores; 6 percent from copper- 
lead, copper-zinc, and copper-lead-zinc 
ores; and 6 percent from all other 
classifications. 

The 25 leading zinc-producing mines in 
the United States, listed in table 4, yielded 
75 percent of the total domestic output. 
The four leading mines supplied 25 per- 
cent, and the first eight contributed 40 
percent. 

Tennessee maintained its rank as the 
leading producing State with output in- 
creasing 9 percent to 113,100 tons. Labor 
strikes at American Zinc Co. mines start- 
ing in October 1966 and at the New 
Market Zinc Co. mine starting in Novem- 
ber 1966 curtailed output until settlement 
in February. The American Zinc Co. 
operated its Coy, Grasselli, Mascot No. 2, 
North Friends Station, and Young mines 
and continued development of the Immel 
mine. The New Jersey Zinc Co. operated 
its Jefferson City and Flat Gap mines and 
was developing a third mine scheduled for 
production in 1969. United States Steel 
Corp., Tennessee Coal & Iron Division, 
operated its Zinc Mine Works mine and 
mill during the year. The copper-zinc mines 
of Tennessee Copper Co. contributed a 
substantial quantity of zinc output to the 
State total. 

New York output of recoverable zinc de- 
creased 4 percent from the 1966 record 
quantity to 70,600 tons. St. Joseph Lead 


Co., the only zinc producer in the State, 
operated its Balmat and Edwards mines 
without interruption. Sinking of a new 
shaft at the Balmat continued with com- 
pletion to the planned depth of 3,100 feet 
scheduled for 1970. The shaft will improve 
efficiency of operation and substantially in- 
crease the ore reserves available for min- 
ing.* 

Idaho remained the leading mine pro- 
ducer in the Western States despite a 7- 
percent decrease to 56,500 tons. The 
Bunker Hill Co. reported recovering 13,737 
tons of zinc in concentrate from milling ` 
159,615 tons of ore from its Star Unit 
mines and 21,803 tons of zinc in concen- 
trate from milling 366,025 tons of ore from 
its Bunker Hill mine. 

In Colorado, zinc production decreased 
4 percent to the lowest quantity since 1963. 
Leading zinc producing mines were the 
Eagle of The New Jersey Zinc Co., the 
Idarado of Idarado Mining Co, the 
Emperius of Emperius Mining Co., the 
Sunnyside and Brennaman of Standard 
Metals Corp., and the Keystone mine 
operated by McFarland and Hullinger, 
which was closed indefinitely on September 
2. The Idarado mine produced 438,000 
tons of ore grading 4.32 percent zinc, 2.49 
percent lead, 0.75 percent copper, and 2.33 
ounces of silver per ton. Reserves de- 
creased slightly to 4,018,000 tons at 
yearend.? 

Pennsylvania output of zinc increased to 
35,100 tons, the largest quantity since 
mining was resumed in 1958. The only 
operating mine was the Friedensville of 
The New Jersey Zinc Co. 

In Utah, zinc production decreased 8 
percent to 34,300 tons, with the reduction 
mostly due to labor strikes. The United 


3 Details of this breakdown are given in table 
3 of the Lead chapter in this volume. 
4 St. Joseph Lead Co. Annual Report. 1967, 


p. 12. 
5 2 Bunker Hill Co. Annual Report. 1967, 
1 


p. 12. 
cont Mining Corp. Annual Report. 1967, 
p. 8. 
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States and Lark mine of United States 
Smelting, Refining and Mining Co. 
(USSR&M Co.) was the leading zinc 
producer. Other substantial producers 
were the United Park City mines of 
United Park City Mines Co., Mayflower 
mine of Hecla Mining Co., the Ophir 
mine of USSR&M Co., and the Burgin 
mine of Kennecott Copper Corp. At the 
Mayflower mine, 4,871 tons of zinc 
contained in concentrates was recovered 
from milling 127,000 tons of ore averaging 
4.5 percent lead. 4 percent zinc, 0.9 per- 
cent copper, and 4.7 ounces of silver per 
ton." 

Zinc output in Wisconsin increased 17 
percent to 29,000 tons, the highest pro- 
duction since 1927. The Eagle-Picher Co., 
the American Zinc Co., and Ivey Construc- 
tion Co. operated mines and mills through- 
out the year. The New Jersey Zinc Co. 
began production in May at its new mine 
near Elmo and Mifflin Mining Co. began 
operating its Coker No. 1 mine late in 
October. The Eagle-Picher Industries 
closed its Kennedy mine in January. 

Zinc production in New Jersey was from 
the Sterling Hill mine of The New Jersey 
Zinc Co. Ore from the mine was crushed 
and shipped without processing to a com- 
pany-owned smelter in Palmerton, Pa. 

In Washington, zinc mine output de- 
creased to 21,500 tons, the lowest level 
since 1961. The Pend Oreille mine, Pend 
Oreille Mines and Metals Co., yielded 
5,609 tons of zinc in concentrate and 1,835 
tons of lead in concentrate from 293,000 
tons of ore mined and milled. Output was 
curtailed because of a strike that began 
July 15. American Zinc Co. brought its 
Calhoun property into initial production in 
October 1966 and operated at rated ton- 
nage capacity in 1967, but initial ore 
grade was somewhat lower than expected. 
American Smelting and Refining Company 
suspended operations at its Van Stone mine 
on May 1. 

Production in New Mexico decreased to 
21,400 tons, the lowest output since 1963. 
The decrease was partly due to labor 
strikes but most importantly to the closing, 
in February, of the American Zinc Co. 
Kearney mine. Leading zinc producers 
were the Hanover and Linchburg mines of 
The New Jersey Zinc Co.; Oswaldo mine 
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of Kennecott Copper Corp. leased to The 
New Jersey Zinc Co.; and the Princess 
mine of USSR&M Co. | 

Zinc output from Illinois advanced to 
20,400 tons, the largest quantity since 
1962. Production was from The Eagle- 
Picher Industries zinc mines in northern 
Illinois, and from increased byproduct 
zinc production associated with fluorspar 
mining in southern Illinois. 

Virginia zinc mine production increased 
7 percent to 18,800 tons, a reversal of 
the declining trend of the preceding 5 
years. The New Jersey Zinc Co. operated 
the Austinville and Ivanhoe mines through- 
out the year. 

Arizona mine output declined for the 
fifth year to 14,300 tons, the lowest level 
since 1939. The Iron King mine of Shat- 
tuck Denn Mining Corp. continued to be 
the largest zinc producer in the State. 
Closure of the Old Dick and Copper Queen 
mines of Cyprus Mines Corp. in January 
1966 due to depletion of ore was a signi- 
ficant factor in the reduced State output. 

In the Tri-State District of Oklahoma, 
Kansas, and Missouri, production was 
about 70 percent from the Oklahoma por- 
tion of the district with Kansas contribut- 
ing most of the remainder. 

Mine production of zinc from Missouri, 
mostly as a byproduct from lead mining in 
southeast and south central Missouri, in- 
creased to 7,400 tons, the largest output 
since 1953. 

Kentucky produced 6,300 tons of zinc, 
a reduction of 4 percent from the record 
1966 tonnage. Production was from the 
Hutson zinc mine of The Eagle-Picher 
Industries and as a byproduct from fluor- 
spar mining operations. 

In Montana, production was 3,300 tons, 
only about one-tenth of 1966 output. The 
reduction was mostly due to termination 
of mining at the Badger State mine in 
January. Remaining mine output ceased 
following closure of The Anaconda Com- 


pany smelters by strike in July. 

In Nevada, output was nearly cut in 
half to 3,000 tons, reflecting closures due 
to strikes. The leading producer was the 
Pan-American mine. 


— — 


7 Hecla Mining Co. 


23 pp. 
8 Pend Oreille Mines and Metals Co. Annual 
Report. 1967, p. 3. 
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DOMESTIC RESERVES 


An investigation by the Bureau of Mines, 
completed in 1964,? estimated reserves of 
zinc to be 28.7 million tons and potential 
resources 62.1 million tons (see table 5). 
Ore reserves were defined as material that 
can be mined, processed, and marketed at 
a profit under the economic and tech- 
nologic conditions prevailing at the time of 
inquiry. Potential (submarginal) resources 
were defined as material that may become 
a mineral (ore) reserve with improved 
economic conditions or by advancements in 
the technology of mining and metallurgy 
enabling more economical production 
methods. 


SMELTER AND REFINERY PRODUCTION 


The zinc smelting and refining industry 
operated 14 primary and eight secondary 
reduction plants producing slab zinc. Pro- 
ducers of slab zinc also made zinc com- 
pounds, alloys, zinc dust, and rolled zinc. 
Labor strikes closed the West Virginia 
plant of Matthiessen & Hegeler Zinc Co. 
from April 1 to August 8 and the zinc- 
producing facilities of The Anaconda Com- 
pany from July 15 through the remainder 
of the year. A strike closed the Amarillo, 
Tex., plant September 30, but the facilities 
gradually returned to partial production 
although the strike was not settled at 
yearend. 

According to company annual reports, 
the American Zinc Co. completed con- 
struction of new roaster, metal producing, 
and casting facilities at its Monsanto plant. 
The Bunker Hill Co. nearly completed 
construction to expand capacity by 20 per- 
cent or to 110,000 tons of slab zinc per 
year. St. Joseph Lead Co. curtailed output 
in the early part of the year but increased 
production in the latter part of the year as 
demand improved. The Anaconda Com- 
pany in 1966 rehabilitated four units of 
the electrolytic zinc plant at Anaconda, 
inoperative since 1960, to process zinc 
concentrates on a combination purchase 
and toll agreement with Pine Point Mines, 
Northwest Territories, Canada. The New 
Jersey Zinc Co. constructed additional 
facilities at its Depue plant, resulting in a 
substantial increase in metal production 
capacity. 


Slab Zinc.—Domestic smelter output of 
slab zinc declined from the record high 
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quantity of 1966 and reversed the upward 
trend of the preceding 8 years. Included in 
the 1,012,300 tons of slab zinc output was 
molten zinc, used directly in alloying opera- 
tions. Of the total, 938,800 tons was 
primary metal and 73,500 tons was re- 
distilled secondary zinc. Primary output 
was 47 percent from domestic ores and 
53 percent from foreign ores; 40 percent 
was electrolytic and 60 percent was dis- 
tilled slab zinc. Of the 73,500 tons of re- 
distilled secondary slab zinc, primary 
smelters produced 79 percent and the re- 
mainder was obtained from secondary 
smelters. 

In 1967, Special High Grade was the 
principal grade produced, furnishing 43 
percent of the total. Prime Western grade 
constituted 36 percent, and all other 
grades the remaining 21 percent. 

Pennsylvania was the leading producing 
State, with Texas ranking second, Okla- 
homa third, and Illinois fourth. The slab 
zinc output of Pennsylvania, West Virginia, 
and Oklahoma was produced by the dis- 
tillation process; the output of Montana 
and Idaho by the electrolytic process. Part 
of the Illinois and Texas slab output was 
distilled and part was electrolytic. 


Primary Smelters and Electrolytic 
Plants.—Primary reduction plants pro- 
cessed roasted zinc ores and concentrates, 
zinc fume from Waelz kilns and slag- 
fuming plants, other primary zinc-bearing 
materials, and zinc-base scrap. 

Capacity for slab zinc production at the 
primary zinc plants at yearend was re- 
ported to be 1,267,500 tons. Electrolytic 
plants reported 3,228 of their 3,928 elec- 
trolytic cells in use at yearend and an out- 
put of 373,965 tons (71 percent of the 
525,000 tons of capacity). The horizontal- 
retort plants reported 28,448 of their 
40,140 retorts in use during 1967. The re- 
maining primary smelters were continuous- 
distilling vertical-retort plants. Combined 
horizontal- and vertical-retort production 
of 625,900 tons was 84 percent of the 
reported 1967 capacity of 742,500 tons. 


Slag-Fuming Plants.—Many lead smelt- 
ers recover a zinc-fume product froni lead 


9 Everett, F. D., and H. J. Bennett. Evalua- 
tion of Domestic Reserves and Potential Sources 
of Ores Containing Copper, Lead, Zinc, and 
Associated Metals. BuMines Inf. Circ. 8325, 


1967, 78 pp. 
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blast-furnace slags containing about 7 to 
13 percent zinc. Such slags were treated 


Company 


American Smelting and Refining Company............ ; 

FFPFFCCCCCC a kuwa A 
The Anaconda Company.............. 
The Bunker Hill Co.................. 
International Smelting & Refining Co... 


These five plants treated 494,900 tons 
of hot and 34,900 tons of cold lead slag 
plus 4,400 tons of crude ore, all of which 
yielded 96,900 tons of oxide fume contain- 
ing 62,200 tons of recoverable zinc. Cor- 
responding figures for 1966 were 818,900 
tons of feed materials, 133,600 tons of 
fume, and 87,100 tons of recoverable zinc. 


Secondary Zinc Smelters.—Zinc-base 
scrap (principally skimmings and drosses, 
die-cast alloys, old zinc, engravers’ plates, 
new clippings, and chemical residues) was 
smelted chiefly at secondary smelters, al- 
though about one-third was reduced at 
primary smelters and most sal ammoniac 
skimmings were processed at chemical 
plants. 

Details of the zinc recovered in proces- 
sing copper-base scrap are contained in the 
secondary copper and brass section of the 
Copper chapter of this volume. 
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to extract zinc and remaining lead by the 
following companies in 1967: 


Plant location 


Selby, Calif. 

El Paso, Tex. 

East Helena, Mont. 
Kellogg, Idaho 
Tooele, Utah 


BYPRODUCT SULFURIC ACID 


Sulfur dioxide gases produced in roast- 
ing zinc sulfide concentrate at primary 
zinc plants were processed to yield 900,- 
170 tons of sulfuric acid. At several plants, 
elemental sulfur was burned to produce 
additional quantities of acid. 


ZINC DUST 


Zinc dust data included in the tables are 
restricted to commercial grades that comply 
with close specifications as to percentage of 
unoxidized metal, evenness of grading, and 
fineness of particles; they do not include 
blue powder. Zinc content of the dust pro- 
duced ranged from 95.00 to 99.60 percent, 
averaging 98.46 percent. Production of 
zinc dust was 50,300 tons, a 9-percent 
reduction from the 1966 record high and 
a reversal of the upward trend of the pre- 
ceding 4 years. 


CONSUMPTION AND USES 


Consumption of slab zinc was 1.24 mil- 
lion tons, 12 percent below the 1966 
record high and a reversal of the upward 
trend for the preceding 6 years. The re- 
duced consumption was principally in the 
three largest industrial categories—zinc 
alloy, galvanizing, and brass—which con- 
sumed 535,100 tons, 458,600 tons, and 
131,500 tons, respectively. 

Of the 1.24 million tons of slab zinc 
used, 52 percent was Special High Grade, 
29 percent Prime Western, and the re- 
maining 19 percent all other grades. 
Galvanizing used mostly Prime Western 
grade while brass and bronze products con- 
sumed mostly the higher grades of zinc. 
Of the 535,100 tons of slab zinc used in 
zinc-base alloys, 99 percent was Special 
High Grade. 

Rolling mills used 45,400 tons of slab 
zinc and remelted and rerolled 18,700 
tons of metallic scrap produced in fabricat- 


ing plants operated in connection with the 
roling mills. In addition, a small quantity 
of purchased scrap (new clippings and 
old zinc) was melted and rolled. Small 
quantities of alloying metals were added 
for some uses. The rolled-zinc industry, 
however, classified these alloys as rolled 
zinc. 

Net output of salable rolled zinc de- 
creased 14 percent to 44,200 tons, ap- 
proximately equal to 1965 production. 
Stocks of rolled zinc at the mills were 1,600 
tons at yearend. Besides shipments of 
20,000 tons of rolled zinc, the rolling mills 
consumed 42,700 tons of rolled zinc in 
manufacturing 25,300 tons of semifab- 
ricated and finished products. 

Rolled zinc was produced in the form of 
sheet, strip, ribbon, plate, rod, and wire. 
Its major domestic use was for dry cell 
battery cases and similar cases for radio 
condensers and tube shields. Photoen- 


ZINC 


graving plates, weather stripping, roof 
flashing, and household electric fuses were 
other uses. 


CONSUMPTION OF SLAB ZINC BY 
GEOGRAPHIC AREAS 


Ohio, Pennsylvania, Indiana, and Illinois 
accounted for 56 percent of the slab zinc 
used in galvanizing. The iron and steel 
industry used zinc to galvanize steel sheets, 
wire, tube, pipe, cable, chain, bolts, rail- 
way-signal equipment, building and pole- 
line hardware, and other items. 

Connecticut again ranked first in con- 
suming slab zinc in brass making, followed 
by Illinois and Michigan. 

Michigan led in the consumption of slab 
zinc in making zinc-base alloys. Other large 
consuming States were Illinois, Ohio, New 
York, and Indiana. 


ZINC PIGMENTS AND COMPOUNDS 


Production.—Output of zinc pigments 
and compounds, excluding lithopone, was 
296,600 tons, a 9-percent decrease from the 
high level of 1966 which had included 
record outputs of lead-free zinc oxide and 
zinc sulfate. Leaded zinc oxide production 
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continued the downward trend of the past 
20 years and was the lowest output since 
1913. 

Pigments and compounds were made 
from various zinc-bearing materials includ- 
ing ore, slab zinc, scrap, and residues. 
Plants producing zinc pigments and com- 
pounds numbered 15 for zinc oxide, nine 
for zinc sulfate, seven for zinc chloride, 
and one for lithopone. 

Lead-free zinc oxide was made by several 
processes; 64 percent was made from ores 
and residues by the American process, 23 
percent from metal by the French process, 
and 13 percent from scrap residues and 
secondary materials by other processes. 
Leaded zinc oxide was made from ores; 
zinc chloride was made from slab zinc 
and secondary zinc materials; and zinc 
sulfate was made from ores and secondary 
materials. 

Leaded zinc oxide was produced in 
several grades, classified according to lead 
content. The more than 5 to 35 percent 
grade constituted 89 percent of the pro- 
duction. Relatively small quantities of the 
5 percent or less, the more than 35 to 50 
percent, and over 50 percent grades were 
produced. 
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Figure 2.— Trends in shipments of zinc pigments. 


Lithopone, a coprecipitate of zinc sul- 
fide and barium sulfate, was produced but 
figures are withheld to avoid disclosing in- 
dividual company confidential data. 


Consumption and Uses. —Shipments of 
lead-free zinc oxide were 181,500 tons, 3 
percent less than in 1966. The quantity 
received by the rubber industry accounted 
for 52 percent of the total shipped. The 
paint industry received 84 percent of the 
leaded zinc oxide shipped. 


Lithopone was used principally in paint, 
varnish and lacquer, chemicals, paper, rub- 
ber, and floor coverings. 

The principal uses of zinc chloride were 
for battery making, galvanizing, vulcaniz- 
ing fiber, preserving wood, and refining oil, 
as well as for fungicides, solder, and tinning 
fluxes. 

The chief uses of zinc sulfate were in 
rayon and agriculture. Other uses were in 
glue manufacture, flotation reagents, rub- 
ber, and medicine. 


ZINC 


Prices.—Lead-free zinc oxide prices in 
carlots, freight allowed, in cents per pound 
were 15.25 cents for American process, 
17.50 for French process, Green Seal, and 
17.75 for French process, White Seal. 
Leaded zinc oxide of the 35 percent grade 
was quoted at 15.75 cents throughout the 
year but the 50 percent grade declined 
from 16.50 to 16.25 cents during June. 

Zinc chloride (50? Baumé) was quoted 
in tankloads at 5.80 cents per pound and 
zinc sulfate (monohydrate, 36 percent) in 
carlots at 9.50 cents per pound through- 
out the year. 


Foreign Trade.—Exports of zinc oxide 
decreased 5 percent but were the second 
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largest quantity since 1952. Lithopone ex- 
ports were about one-fourth the 1966 
quantity and 21 percent below the average 
of the preceding 10 years. 

Imports of zinc sulfate doubled, more 
than offsetting decreases in zinc oxide and 
zinc chloride, and resulted in a 2-percent 
increase in total imports of zinc pigments 
and compounds to the largest quantity 
since 1959. Zinc sulfate imports were sup- 
plied 75 percent from Mexico, 17 percent 
from Belgium-Luxembourg, and 7 percent 
from West Germany. Zinc oxide imports 
were supplied 59 percent from Mexico, 27 
percent from Canada, and 11 percent 
from the Netherlands. 


STOCKS 


Producer Stocks.—Stocks of slab zinc 
at producer plants were 64,800 tons at the 
start of the year, increased rapidly to about 
118,000 tons at the end of July, then de- 
clined to 81,900 tons by yearend. 


Consumer Stocks.—Stocks of slab zinc 
at consumer plants, which were 129,600 
tons at the beginning of the year, were 
drawn down to about 94,500 tons by the 
end of September, then moved upward to 
102,500 tons by yearend. 


PRICES 


The quoted price of Prime Western 
grade zinc, East St. Louis market, was 
14.5 cents per pound at the start of the 
year, had dual quotations of 13.50 and 
13.75 cents from May 2 through June 19, 
and remained at 13.5 cents after June 19. 

The London Metal Exchange price was 
the U.S. equivalent of 12.7 cents for 
January, trended downward to 12 cents 
for September, and showed relatively little 


change thereafter. À foreign producer price, 
quoted at the U.S. equivalent of 12.8 cents 
at the start of the year, was reduced to 
12.3 cents in June and remained at that 
price the balance of the year. 

During 1967, the quoted price for new 
clippings ranged from 6.75 to 7.50 cents 
per pound, averaging 7.02 cents. For old 
zinc, the quotation was 4.25 cents per 
pound throughout the year. 


FOREIGN TRADE 


Exports of slab zinc increased to 16,809 
tons, a reversal of a declining trend for 
the preceding six years. The exports were 
82 percent to India, a reflection of the sales 
from the Government stockpile in connec- 
tion with contracts for the U.S. Agency for 
International Development (AID). 

General imports were 222,112 tons for 
metal and 534,320 tons for ore. The metal 
imports were reduced from the preceding 
year but were the second largest since 1957 
while the ore imports were the largest 
since 1943. 

Imports of zinc fume, not shown in the 
tables, were reported by the Bureau of the 


Census to have been 18,566 tons contain- 
ing 16,780 tons of dutiable zinc as general 
imports and 23,204 tons containing 21,435 
tons as imports for consumption. Mexico 
was the source for all of the fume. 


Tariff.—Duties on unmanufactured zinc 
and zinc containing materials remained 
unchanged and were as follows: Slab zinc, 
0.7 cent per pound; zinc ores and con- 
centrates and zinc fume, 0.67 cent per 
pound (on zinc content less certain allow- 
able deductions for processing losses) ; 
zir.c scrap, 0.75 cent per pound; and zinc 
dust, 0.7 cent per pound. 
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WORLD REVIEW 


Argentina.—Cia. Minera Aguilar, S. 
A., a subsidiary of St. Joseph Lead Co., 
continued operation of a lead-zinc-silver 
mine in the Province of Jujuy in northern 
Argentina and through affiliated companies 
operated a zinc smelter and electrolytic 
zinc plant. All of the zinc produced was 
marketed in Argentina and Aguilar began 
a major expansion of facilities.!? 


Australia.—The Broken Hill district of 
New South Wales continued to be the 
leading Australian zinc-producing area. 
Mining companies operating and ranked 
in order of their output were: New Broken 
Hill Consolidated Ltd.; The Zinc Corp. 
Ltd.; North Broken Hill, Ltd.; and Broken 
Hill South Ltd. Combined output was ap- 
proximately 2,819,000 tons of zinc-lead- 
silver ore, yielding 574,000 tons of zinc 
concentrate averaging 53.0 percent zinc. 

Sulphide Corp. Pty., Ltd., operated its 
lead-zinc Imperial Smelting type furnace 
at Cockle Creek, New South Wales but 
output was restricted due to the reduced 
demand for zinc. Construction of facilities 
to refine 35,000 tons of zinc per year to 
higher grades was scheduled for comple- 
tion in 1968. At Port Pirie, South Aus- 
tralia, The Broken Hill Associated 
Smelters Pty. Ltd., completed construction 
of a lead slag fuming plant and electrolytic 
zinc plant.“! 

Mount Isa Mines Ltd., during the fiscal 
year ended June 30, 1967, milled 1,060,- 
000 tons of silver-lead-zinc ore and pro- 
duced a record 37,350 tons of zinc in con- 
centrates. Ore reserves were 36 million 
tons averaging 7.4 percent lead, 5.6 per- 
cent zinc, and 5.4 ounces of silver per ton. 


Construction continued on ore passes, a 


crushing system, and pump stations as part 
of a major expansion program largely com- 
pleted the previous year.“? 

The Electrolytic Zinc Co. of Australasia 
Ltd., produced a record 161,185 tons of 
slab zinc at its Risdon, Tasmania, electro- 
lytic plant during the fiscal year ending 
June 30, 1967. The company’s mining- 
milling operations in the Read-Rosebery 
district milled 327,000 tons of ore yielding 
122,100 tons of zinc, lead, and copper con- 
centrates.!? 


Bolivia.—The Government of Bolivia 
and two U.S. firms, Philipp Brothers and 
United States Steel Corp., entered into an 


agreement in 1966 to operate the large 
lead-zinc-silver Matilde mine, inoperative 
since it was appropriated by the Govern- 
ment of Bolivia in 1952 from the Maurice 
Hochschild Co. The mine contains an 
estimated reserve of 3 million tons of ore 
averaging 18 percent zinc, 2 percent lead, 
and 1 ounce of silver per ton. Plans are to 
begin construction of a mill in late 1967 
with an annual output of about 110,000 
tons of zinc concentrate. 


Canada.—Mine production increased 
19 percent to a record 1,249,000 tons of 
zinc in concentrates, further establishing 
Canada’s position as the world’s largest 
producer of zinc. The increase was largely 
attributed to the first full year of operation 
of the Texas Gulf Sulphur Co. Timmins 
mine and greater output at the mines of 
Brunswick Mining and Smelting Corp. Slab 
zinc Output also increased to a record 396,- 
100 tons with the electrolytic zinc plants 
of Cominco, Ltd., Hudson Bay Mining and 
Smelting Co., and Canadian Electrolytic 
Zinc operating throughout the year. A new 
zinc reduction plant in New Brunswick 
began startup operations during the year.“ 

Cominco’s zinc metal production was 
202,015 tons, a 9-percent decrease from 
the record quantity attained in 1966. 
The combined zinc-lead production was 
derived approximately 30 percent from the 
company’s Sullivan mine, 8 percent from 
other company mines, 59 percent from ores 
and concentrates purchased from Pine 
Point Mines, Ltd. (69 percent owned by 
Cominco), and 3 percent from other 
purchased ores and concentrates. Extrac- 
tion of ore from company properties was 
2,118,000 tons at the Sullivan mine, 256,- 
000 tons from the Bluebell lead-zinc mine, 
and 1,854,000 tons from the Pine Point 
mines. Pine Point Mines, Ltd. continued 
development and construction of additional 
concentrating facilities to mine the adjacent 
Pyramid Mining Co., Ltd. property ac- 
quired in 1966.5 


VVV Lead Co. Annual Report. 1967, 
pp. 18. 

11 The Rio Tinto-Zine Corp. Ltd. Annual 
Report. 1967, p. 33. 

12 Mount Isa Mines, Ltd. Annual Report. 1967, 


24 pp. 
13 E Z Industries, Ltd. Annual Report. 1967, 


p. 4. 
14 Fraser, D. B. Zine. 
February 1968, pp. 112-116. 


15 Cominco, Ltd. Annual Report. 1967, 24 pp. 


Canadian Min. J., 


ZINC 


According to the annual report of 
Reeves MacDonald Mines Ltd., the com- 
pany mined and milled 405,000 tons of 
ore at its Remac, British Columbia mine 
and produced concentrates containing 11,- 
458 tons of zinc plus values in lead, silver, 
and cadmium. Development work during 
the year consisted of 9,749 feet of drifts, 
5,349 feet of raises, and 14,201 feet of 
diamond and long hole drilling. 

Hudson Bay Mining and Smelting Co., 
Ltd., operated its zinc-copper-lead mines 
along the Manitoba-Saskatchewan bound- 
ary. The mill treated 1,588,000 tons of 
ore—59.5 percent from the Flin Flon mine 
and the balance from the Chisel Lake, 
Stall Lake, and Schist Lake mines—which 
yielded 106,436 tons of 46.6 percent zinc 
concentrates plus copper and lead con- 
centrates. Proven reserves at yearend 
totaled 16.9 million tons averaging 4.1 
percent zinc. The electrolytic plant at Flin 
Flon treated 103,788 tons of zinc concen- 
trate, 44,313 tons of zinc fume and stack 
dust from the copper smelter, and 19,962 
tons of purchased materials to produce 
72,061 tons of slab zinc.“ 

Willroy Mines Ltd., at its Manitou- 
wadge, Ontario, operation milled 165,100 
tons of ore from its operation and 503,500 
tons of custom ore from Willecho Mines 
Ltd. The mill feed averaged 3.46 percent 
zinc, 0.60 percent copper, 0.17 percent 
lead, and 1.69 ounces of silver per ton. 
The ore from the Willroy mine averaged 
3.33 percent zinc and yielded concentrates 
which contained 4,532 tons of zinc. De- 
velopment included diamond drilling and 
drifting to explore a downward extension 
of the adjacent Big Nama Creek ore body. 
The ore reserves at yearend at the Willroy 
mine and the Nama Creek option were 
1,334,000 tons, averaging 2.74 percent 
zinc, 1.10 percent copper, and 0.72 ounce 
of silver per ton.“ 

Noranda Mines Ltd., operated the Geco 
mine at Manitouwadge, Ontario, during 
1967. Production was at the rate of almost 
4,000 tons per day averaging 3.69 percent 
zinc, 2.02 percent copper, and 2.02 
ounces of silver per ton. Exploraticn in- 
creased ore reserves to a yearend total 
of 26.7 million tons averaging 5.07 per- 
cent zinc, 2.1 percent copper, and 2.20 
ounces of silver per ton" 

Texas Gulf Sulphur Co. in mid-February 
completed startup operations of the con- 
centrator to treat ore from its Kidd Creek, 
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Ontario, open pit zinc-copper-lead mine. 
The first nearly full year of operations re- 
sulted in output of 432,000 tons of 52 
percent zinc concentrates.!? 

In Quebec, Quemont Mining Corp., 
Ltd., milled 444,000 tons of ore grading 
2.30 percent zinc plus values in copper, 
silver, gold, and pyrite, yielding 14,438 
tons of 52.8 percent zinc concentrate. Re- 
serves at yearend were estimated at 1.1 
million tons averaging 2.46 percent zinc.“ 
According to its annual report for the year 
ending August 31, 1967, Cupra Mines Ltd. 
mined and milled 232,000 tons of ore 
yielding concentrates containing 4,670 tons 
of zinc plus values in copper, gold, and 
silver. The reserve at yearend was 601,000 
tons averaging 3.73 percent zinc, 3.57 per- 
cent copper, and 1.26 ounces of silver per 
ton and an additional 200,000 tons of ore 
on the downward extension of the ore 
body. Solbec Copper Mines Ltd. was dis- 
rupted by a 6-month strike that curtailed 
mine production to 74,400 tons of copper- 
lead-zinc ore and milling to 3,400 tons. 
Ore reserves at yearend were 422,000 tons 
averaging 4.45 percent zinc.” The Sullico 
Mines Ltd. terminated operations in late 
1966. From start of operations in 1949 
until final closure, the mill treated 15.9 
million tons of ore averaging 1.09 per- 
cent copper and 0.82 percent zinc. 

Normetal Mining Corp., Ltd., mined 
and milled 348,000 tons of ore that 
yielded concentrates containing 41,398 
tons of zinc. Reserves at yearend amounted 
to 1.6 million tons averaging 6.47 percent 
zinc and 2.11 percent copper and at 
present rates of extraction would be ex- 
hausted in 1972.?? 

In the Mattagami Lake district of 
Quebec, Mattagami Lake Mines Ltd., 
milled 1,414,000 tons of ore averaging 10 
percent zinc and 0.6 percent copper to 
produce 248,352 tons of 51.7 percent zinc 
concentrate. Reserves at the end of the 
year were 18 million tons grading 10.4 


16 Hudson Bay Mining and Smelting Co., Ltd. 
Annual Report. 1967, pp. 7-10. 
17 AUN Mines, Ltd. Annual Report. 1967, 
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18 Noranda Mines, Ltd. Annual Report. 1967, 
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19 Texas Gulf Sulphur Co. 
1967, 32 pp 

20 Quemont Mining Corp., Ltd. Annual Report. 
1967, p. 4. 
21 The Sullivan Mining Group. Annual Report. 
1967, p. 39. 

22 Noranda Mines, Ltd. Annual Report. 1967, 


p. 23. 


Annual Report. 


1208 


percent zinc and 0.7 percent copper.“ 
Orchan Mines Ltd. milled 375,000 tons 
of ore from its own mine and 329,000 
tons of custom ore from the New 
Hosco mine. Ore reserves at yearend were 
3.1 million tons containing 11 percent zinc 
and 1.2 percent copper. A substantial part 
of the concentrates from both mills were 
shipped to the zinc reduction plant of 
Canadian Electrolytic Zinc Ltd., at 
Valleyfield, Quebec, which produced a 
record 119,500 tons of slab zinc, 82 per- 
cent of rated capacity.“ 

In the Atlantic Provinces, Heath Steele 
Mines Ltd., mined zinc-lead-copper ore 
from its mine near Bathurst, New Bruns- 
wick and conducted a mine development 
program directed towards an output suffi- 
cient to operate the mill at full capacity. 
Brunswick Mining and Smelting Corp. 
Ltd. continued operation of its under, 
ground zinc-lead-copper Brunswick No. 12 
mine and mill and completed the first 
full year of operation for the open pit 
copper-zinc No. 6 mine and concentrator. 
The combined output included 258,800 
tons of zinc concentrates and 90,200 tons 
of zinc-lead concentrate. The associated 
smelting complex, incorporating a lead- 
zinc Imperial Smelting Furnace, experi- 
enced serious startup problems and will re- 
quire extensive changes to attain the plan- 
ned capacity. Ore reserves were increased 
during the year to approximately 80 mil- 
lion tons.“ 

In Newfoundland, Buchans Mining Co. 
Ltd. continued operation of their copper- 
lead-zinc mine and associated mill and 
produced 72,235 tons of zinc concentrates. 


Congo (Kinshasa ).—La Generale 
Congolaise des Minerais (GECOMIN) a 
Congolese Government company created 
January 1, assumed operation of the na- 


tionalized Union Miniere du Haut- 
Katanga’s facilities. The Kipushi con- 
centrator milled 1, 140,000 tons of 


copper-zinc ore to produce 236,000 tons 
of 56.6 percent zinc concentrates. The 
company processed part of the zinc con- 
centrates to produce 67, 600 tons of elec- 
trolytic zinc and exported 85, 100 tons of 
raw and roasted concentrates. 


India.—Cominco-Binani Zinc Ltd. a 
joint venture of Metal Corporation of 
India, Ltd., and Cominco, Ltd. (Canada), 
completed construction of a 22,000-ton- 
per-year electrolytic zinc plant near Cochin 
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in Kerala State. Initial production began 
in April and rated output is anticipated 
during the latter half of 1968.95 The 
Government-owned Hindustan Zinc Ltd.’s 
Debari smelter in Rajasthan with a de- 
signed 18,000-ton annual output began 
operation in November. 


Iran.—Bafq Mining Co., a Rio Tinto- 
Zinc Corp. Ltd. operating company, car- 
ried on development work at the Kuchke 
zinc-lead deposit. Reserves of 5 million 
tons of 16 percent combined lead and zinc 
were indicated and plans are for the new 
mine to produce on the order of 250 to 
500 tons of ore per day. 


Ireland.—Irish Base Metals Ltd., a 
subsidiary of Northgate Exploration Ltd., 
continued operation of its open pit lead- 
zinc-silver ore body and planned to supple- 
ment output with underground mining by 
1970. Consolidated Mogul Mines con- 
ducted shaft sinking and other develop- 
ment at their Silvermines ore body for 
a 3,000-ton-per-day concentrating plant 
scheduled to begin production in 1968. 
Exploration for base metal deposits con- 
tinued at an active pace at numerous loca- 
tions in Ireland. 


Japan.—Four Japanese lead and zinc 
producers—Mitsui Mining & Smelting Co. 
Ltd., Dowa Mining Co., Mitsubishi Metal 
Mining Co., and Nippon Mining Co.— 
have formed the Hachinohe Smelting Co. 
to build a new smelter with an approxi- 
mate annual capacity of 30,000 tons of lead 
and 54,000 tons of zinc. Total annual 
zinc smelting capacity is planned to in- 
crease from 555,000 tons in 1966 to 825,- 
000 tons in 1970. 


Mexico.—Asarco Mexicana, S. A. (49 
percent owned by Asarco), operated a 
number of lead-zinc mines and a zinc 
smelter. Production included 62,535 tons 
of zinc metal and 50,410 tons of zinc in 
concentrates and fume sold. Mine, mill, 
and smelter expansion developments were 
in progress.?* 


23 Mattagami Lakes Mines, Ltd. Annual 
Report. 1967, p. 6. 

24 Noranda Mines, Ltd. Annual Report. 1967, 
p. 23. 

25 Brunswick Mining and Smelting Corp., Ltd. 
Annual Report. 1967, 20 pp. 

26 Cominco, Ltd. Annual Report. 1967, p. 23. 

27 Engineering and Mining Journal. V. 167, 
No. 11, November 1966, p. 184. 

28 American Smelting and Refining Co. Annual 
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According to the annual report of 
Minera Frisco (Mexicanized company of 
San Francisco Mines of Mexico Ltd.) for 
the year ending June 30, 1967, a total of 
930,000 tons of ore was milled from the 
company’s San Francisco and Clarines 
mines and produced 98,300 tons of 57.1 
percent zinc concentrate plus values in 
lead, copper, silver, and gold. Ore reserves 
at the end of the fiscal year were 5.8 mil- 
lion tons averaging 6.94 percent zinc, 4.63 
percent lead, and 0.46 percent copper. 

Compania Fresnillo, S. A. (49 percent 
owned by The Fresnillo Co.), operated 
lead-zinc-silver producing units at Fresnillo 
in Zacatecas, at Naica in Chihuahua, and 
at Zimapan in Hidalgo. In the year end- 
ing June 30, 1967, the company mined a 
total of 1,172,000 tons of ore and produced 
concentrates containing 39,353 tons of zinc 
as salable metal. Ore reserves at yearend 
totaled 4.6 million tons containing 4.6 per- 
cent zinc, 4.8 percent lead, and 4.93 ounces 
of silver per ton.?? 


Morocco.—The Boubeker and Touissit 
mines accounted for 90 percent of the zinc 
output. Under terms of a 5-year agreement 
concluded between the Governments of 
Morocco and Algeria, lead-zinc ore from 
the El Abed mine on the Algerian side of 
the border will be treated at the Boubeker 
mill. 


Peru.—Cerro de Pasco Corp. produced 
a record 68,030 tons of slab zinc mostly 
from concentrates of its own mines. In ad- 
dition, 93,606 tons of zinc 1n concentrates 
were produced for export. Drought condi- 
tions, which persisted during 1966 and 
reduced available power for zinc refining, 
ended early in 1967. Construction was 
nearly completed on a 50-ton-per-day pilot 
plant for recovery of metals contained in 
zinc leach residues.*° 

Cia. Minerales Santander, Inc., a St. 
Joseph Lead Co. subsidiary, produced a 
record quantity of zinc concentrate at their 
open pit lead-zinc-silver mine in the Peru- 
vian Andes. Facilities for underground 
mining were in progress and scheduled for 
completion in 1968.?! Other zinc producers 
included Cia. Minera Atacocha, S. A., Cia. 
des Mines de Huaron, Cia. Minera Milpo, 
S. A., Cia. Minera Raura, Northern Peru 
Mining Co., and Volcan Mines Co. 


South-West Africa, Territory of.— 
Tsumeb Corp., Ltd., mined and milled, at 
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the Tsumeb property, 728,000 tons of com- 
plex copper-lead-zinc sulfide and oxide ore 
averaging 2.95 percent zinc. Zinc con- 
tained in concentrates, sold and taken into 
account, was 4,600 tons compared with 
10,400 tons in 1966.*2 Plans have been 
announced by the South African Iron & 
Steel Industrial Corp. Ltd. to expand pro- 
duction at the Berg Aukas mine and to 
construct an electrolytic zinc plant with 
an annual capacity of about 40,000 tons 
of zinc. Industrial Minerals Mining Corp. 
announced plans for a new zinc mine at 
Rosh Pina with scheduled production in 
late 1968. 


Sweden.—According to the company’s 
annual report, mines of the Boliden Min- 
ing Co., Ltd., yielded 104,500 tons of zinc 
concentrate containing 56,250 tons of zinc. 
A slag fuming plant treating lead and 
copper furnace slag recovered 32,600 tons 
of zinc fume, a record high quantity. 


Thailand.—In late 1967 the Thai Gov- 
ernment accepted bids for a concession to 
exploit zinc deposits at Mae Sod, Tak 
Province, estimated to contain 3.8 million 
tons of 35 percent zinc ore. The winning 
bidder will be required to provide an ac- 
cess road, power supply, and a 30-ton-per- 
day smelter. The concession was obtained 
by National Lead Co., but a final agree- 
ment had not been signed. 


United Kingdom.—The Imperial Smelt- 
ing Corp. Ltd., completed and began 
startup operations at Avonmouth on the 
world’s largest zinc blast furnace. The older 
installation at Swansea, including a vacuum 
unit to produce the higher grades of zinc, 
operated throughout the year.“ 


Zambia.—The Zambia Broken Hill De- 
velopment Co., Ltd., operated the Broken 
Hill mine and treated 200,000 tons of the 
ore in the heavy-medium plant which 
yielded 152,000 tons of sink product. The 
flotation plant treated 150,000 tons of the 
sink product plus 9,900 tons of mixed fines 
and silicate ore, yielding 51,961 tons of 
zinc concentrate averaging 54.1 percent 


29 The Fresnillo Co. Annual Report. 1967, pp. 


E Cerro Corp. Annual Report. 1967, p. 4. 
31 St. Joseph Lead Co. Annual Report. 1967, 
p. 16. 
32 Newmont Mining Corp. Annual Report. 
1967, p. 6. 
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zinc. The leach plant treated roasted zinc 
concentrate, flotation plant tailing, and zinc 
silicate ore, totaling 78,000 tons averaging 
38.3 percent zinc. Leach solution was proc- 
essed in the electrolytic plant to yield 24, 
350 tons of slab zinc. The Imperial-type 
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vertical furnace treated 137,100 tons of 
sintered mill fines, slags, residues, and other 
material to produce 28,800 tons of slab 
zinc. The reserve of ore at yearend was 4.2 
million tons grading 26.3 percent zinc and 
12.3 percent lead.* 


TECHNOLOGY 


Results of several research investigations 
or studies were published by the Bureau of 
Mines * and the Geological Survey.*® 

A comprehensive coverage of zinc tech- 
nology reported in the scientific and tech- 
nical press was included in the 1,423 items 
contained in the monthly issues of the 1967 
Zinc Abstracts, jointly published by the 
Zinc Development Association (London) 
and the American Zinc Institute. 

The International Lead-Zinc Research 
Organization (ILZRO) sponsored num- 
erous projects in 1967 to develop funda- 
mental knowledge or particular applica- 
tions of zinc or zinc-containing materials. 
Progress reports of these projects are re- 
leased biannually by means of the ILZRO 
Research Digest, published in three parts: 
Part I describes die cast and wrought zinc 
projects; Part II, zinc for corrosion pro- 
tection; and Part III, zinc chemistry. 

A spring sampling geochemical technique 
to delineate anomalies associated with zinc 
deposits in southwest Wisconsin proved to 
be effective as an exploration tool. Validity 
of the method depends on existence of the 
proper relationships between the ore body 
and the hydrologic and topographic con- 
ditions. It is considered that these requisite 
conditions may also occur in many other 
zinc mining districts.37 

An article described a zinc mill control 
system which continuously indicated and 
recorded the assays of feed, concentrates, 
and tailings. ‘The system resulted in an 
improved quality of concentrate, reduction 
in reagent consumption, and was an im- 
portant step in the direction of automation 
in zinc milling.?? 

Pressure hydrometallurgy techniques to 
replace roasting and leaching operations in 
production of electrolytic zinc received in- 
creased consideration by many operators. 
The method can be used for recovery of 
metals from complex bulk concentrates and 
would curtail air pollution associated with 
conventional roasting of concentrates.?? 

Continuous casting of zinc strip up to 38 
inches wide and one-eighth to one-fourth 


inch thick has been used to produce feed 
stock for rolled zinc. A refractory nozzle 
is used to distribute the molten metal over 
water cooled rolls with care taken to pre- 
vent surface oxidation. The use of the 
process significantly reduces labor require- 
ments. 

An anodized finish is being acclaimed as 
an important new decorative and protec- 
tive coating for zinc die castings. The coat- 
ing is available in green, light gray, dark 
gray, and brown, and provides good corro- 
sion, abrasion, and impact resistance.*? 

Vapor plating in vacuum chambers, used 
extensively for cadmium, is considered to 
have potential application for a wide range 
of zinc-coated products.*! 


34 The Zambia Broken Hill Development Co., 
Ltd. Annual Report. 1967, pp. 6-8. 

35 Koch, George S., Jr., and Richard F. Link. 
Geometry of Metal Distribution in Five Veins of 
the Fresnillo Mine, Zacatecas, Mexico. BuMines 
Rept. of Inv. 6919, 1967, 64 pp. 

Knostman, Richard W. An Analysis of the 
Pacific Northwest Lead-Zinc Industry. BuMines 
Inf. Circ. 8327, 1967, 53 pp. 

Ruppert, J. A., and P. M. Sullivan. Refining 
Iron-Contaminated Zine by Filtration and 
Centrifugation. BuMines Rept. of Inv. 6889, 
1967, 15 pp. 

Spencer, Richard N., Seth C. Schaefer, and 
James E. Mauser. Electric Smelting of Complex 
Lead-Zine Sinter. BuMines Rept. of Inv. 6999, 
August 1967, 28 pp. 

36 Heyl, A. V., and E. R. King. Aeromagnetic 
and Tectonic Analysis of the Upper Mississippi 
Valley Zinc-Lead District. U.S. Geol Survey 
Bull. 1242—A, 1966 (1967), p. A1-A16. 

Jones, W. R., R. Hernon, and S. L. Moore. 
General Geology of Santa Rita Quadrangle, 
Grant County, N. Mex. U.S. Geol. Survey Prof. 
Paper 555, 1967, 144 pp. 

Prinz, W. C. Geology and Ore Deposits of the 
Philipsburg District, Granite County, Mont. U.S. 
Geol. Survey Bull. 1237, 1967, 66 pp. 

37 De Geoffroy, J., S. M. Wu, and R. W. Heins. 
Geochemical Coverage by Spring Sampling 
Method in the Southwest Wisconsin Zinc Area. 

S SE v. 62, No. 5, August 1967, pp. 
679-69 


38 Fuller, M. L., P. E. McGarry, and J. R. 
Pellet. X-Ray Assaying and Reagent Control 
at Friedensville. Min. Cong. J., v. 53, No. 4, 
April 1967, pp. 108-112. 

39 Mackiw, V. N., T. W. Benz, and D. J. I. 
Evans. Recent Developments in Pressure Hydro- 
metallurgy. Met. Rev., v. 11, No. 109, November 
1966, pp. 143-158. 

40 Cook, Albert R. New Coatings for Zinc. 

1120 v. 91, No. 3. March 1967. pp. 
111— 


41 Williams, B. J. Corrosion-Resistant Coatings 
by Physical Vapour Plating. Metal Finishing J., 
v. 13, No. 149, May 1967, pp. 173-177. 
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Table 2—Mine production of recoverable zinc in the United States, by States 


(Short tons) 

State 1963 1964 1965 1966 1967 
Arizona. ets Se eee ee ee eee 25,419 24,690 21,757 15,985 14,330 
California oe ro 8 101 143 225 835 441 
Gier Sei os y eei 48,109 53,682 53,870 54,822 52,442 
/C!ͤĩöÄ70i 63,267 59, 298 58,034 60,997 56,528 
ness̃. 8 20, 337 13, 800 18,314 15,192 20 , 416 
TTT WEE 3,508 4,665 6,508 4,769 4,765 
Kentucky. 3 ⁵ði K bas ues 1,461 2,063 5,654 6,586 6,317 
Missouri 321 1,501 4,312 8,968 7,430 
Montana- ` 1 _____-- 32,941 29,059 33,786 29,120 8,341 
Nevada 582 8,858 5,827 3,035 
New Jersey 2 a000 32, 738 32,926 38,297 25, 237 26,041 
New Mexico oo 12, 938 29 , 833 36 , 460 29 ,296 21,380 
New York LLL LL L2 cl cc cL2 ss cssc 22 53 , 495 60,754 69,880 73,454 70,555 
North Carolina 1888 .-........ --........ 
Oklahoma. Lee 13,245 12,159 12, 715 11,237 10,670 
le oce v sewed SS Sus W W 0.7 M kee aaa- 
Pennsylvania... .. 2.22222 222 S22... 27,38 30, 754 27, 63 28, 08 85,067 
Tennessee 95,847 115, 943 122,387 103,117 113,065 
% yy eas a Pa 36,179 31,428 „747 7,32 „251 
/ ⁵˙’˙ꝙ.Un. ĩð2 ⁊ v 23, 988 21, 004 20,491 17,666 18,846 
Washington 22,270 24, 296 22, 230 24, 772 21, 540 
Wisconsin 15,114 26, 278 26,993 24,775 28 , 953 
PF DEE 529 ,254 574,858 611,153 572,558 549 , 413 


W Withheld to avoid disclosing individual company confidential data; excluded from total. 


Table 3.—Mine production of recoverable zine in the United States, by months 
(Short tons) 


Month 1966 1967 Month 1966 1967 
January................... 49,132 48,173 August 49,771 48 ,821 
February.................- 48,764 43,501 September................. 45,490 43,283 
Marche: coo ema aun 53,948 50,817 October 44,066 43,779 
AAS; ³·¹1ͤ aaee 50,014 49,528 November................. 43,940 41,814 

GV os le as Suwa é 51,650 50,493 December 42,006 41,537 
JUNG o.c eoo 47,928 47,967 — — ""s.r 


MA 45, 854 44, 700 ( 572, 558 549 , 413 
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Table 5.—Reserves and potential resources of zinc in the United States as of 1964, in 
terms of ore tonnage and contained zinc by ore classification 


(Thousand short tons) 


Reserves Potential resources 


Classification — A ³ĩðWWAͤ˖; 000 d EE 
Measured Indicated Inferred Measured Indicated Inferred 


Zine and zinc-lead ores: 


Crude ore 64,650 197,690 282,800 7,000 86,370 2,490,000 

Zinc content... 3,050 8,170 10,020 170 8,120 56,190 
Lead and lead-zinc ores: 

Crude ore 3,230 425, 700 694, 400 2,070 9,880 254, 700 

Zine content 120 2, 250 3, 530 10 180 1,310 


Zinc-copper, copper, copper-zine, 
silver-lead, and lead-silver ores: 


Crude ore 3,102,080 1,821,650 4,643,620 238,200 1,142,420 12,342,100 
T one content 400 1,090 90 20 260 830 
otal: 
Crude ore lll. 3, 170, 000 2, 445, 000 5,620,000 247,800 1,239,000 15, 100, 000 
Zinc content 4. 8,600 11,500 13,600 200 8,600 58,000 
1 Rounded totals. 


Table 6.—Primary and redistilled secondary slab zinc produced in the United States 
(Short tons) 


1963 1964 1965 1966 1967 
Primary: 

From domestic oreg. 474,007 531,967 551,215 523,580 438,553 
From foreign ore s. 418,577 422,117 443,187 501, 486 500, 277 
„ Se Se pase eC etl 892 , 584 954,084 994,402 1,025,066 938,830 
Redistilled secondary // 60,303 71,596 83,619 83,268 73,505 

Total (excludes zinc recovered by re- 
eiii E 952,887 1,025,680 1,078,021 1,108,829 1,012,835 


Table 7.—Distilled and electrolytic zinc, primary and secondary, produced in the United 
States, by methods of reduction 


(Short tons) 


Method of reduction 1963 1964 1965 1966 1967 
5 phimary.. hee cdc we cess cscs 858,093 389 , 383 408 ,128 433 ,576 371 , 267 
Dietel... 8 534,491 564,701 586,274 591, 490 567, 563 
Redistilled secondary: 
At primary sme ters EEN 47,214 57,546 70,306 71,560 58,341 
At secondary smelters..... ............- 13,089 14,050 13,313 11,708 15,164 
rr ³ðä;lA ⁰ 952,887 1,025,680 1,078,021 1,108,329 1,012,835 


Table 8.—Distilled and electrolytic zinc, primary and secondary, produced in the United 
States, by grades 


(Short tons) 


Grade 1963 1964 1965 1966 1967 
Special High Grade......................... 411,254 468,748 479, 736 452 , 722 436 , 849 
High Grade... öéoẽ ³%ð u coe ead 104,301 112,056 112,451 139,814 92,956 
Intermediate... ------------------------ 18,372 19,050 17,985 23,555 26,522 
Brass Special. ........ 2 2.22222 2 Lc L 2... 98,190 81,034 86, 695 103,184 91,079 
Select... ............- GORDON QUEM 8 3,909 326 S09 ;ͤĩͤ! ⅛ ⁰⁰DMN seceeeose 
Prime Western 316, 861 344, 466 380, 845 389, 054 364,929 


Total d M 952,887 1,025,680 1,078,021 1,108,329 1,012,335 
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Table 9.—Primary slab zinc produced in the United States, by States where smelted 


(Short tons) 
State 1963 1964 1965 1966 1967 
Arkansas... oc coe eee 2222-00 2299 TEAS te ee, Bees, tee 8 
tabu uoc o esd he 8 81,296 91,761 91,000 90,983 92,134 
Illinois 108,971 114,866 114,131 96,80 115,659 
Mann;; 8 118,090 125, 334 143,927 174, 821 111,884 
Oklahoma.........................-.- 142,707 150,356 154,187 165,162 163,826 
Pennsylvania and West Virginia 248,584 262,981 278, 870 291,408 271, 192 
Teëex88... 0rd . 8 181,793 208, 786 212,287 205, 888 184, 185 
I/ é 892, 584 954.084 994,402 1,025,066 988 , 830 
Value (thousands). ............- $206,187 $260,274 $290,763 $301,164 $262,121 


Table 10.—Primary slab zinc plants by group capacity in the United States in 1967 


Slab zinc 
Type of plant Plant location capacity 
(short tons) 
Electrolytic plants: 
American Smelting and Refining Company. ............. Corpus Christi, Tex.......... 
American Zinc Co. of Illinois. .......... 2222 2.2.2.2. ee Sauget, Ill... .............. 
The Anaconda Company) Anaconda, Mont. 525,000 
7%(;k!;§ö§Ä—˙⁰ð ⁵ ẽ] ...... 8 Great Falls, Montt 
The Bunker Hill C OoOoOoOoO. Kellogg, Idaho ` _.---------- 
Horizontal-retort plants: 
American Smelting and Refining Company. ............. Amarillo, Te 
American Zinc Co. of Illinois Dumas, Tex 22-2- 
Blackwell Zine Co., Division of American Metal Climax, 

BNC oleae he Bt EEN Blackwell, Okla. ...........- 
Eagle-Picher Industries, Inc. ...........--------------- Henryetta, Okla............. 
Matthiessen & Hegeler Zinc Co.. alle, Til EE 742, 500 
National Zine Co Lll c c cllc LL Lll sss ss Bartlesville, Okl aa 

Vertical-retort plants: | 
Matthiessen & Hegeler Zinc Coo Meadowbrook, W. va 
The GE Jersey Zinc Co. Depue, Ill.................- 

J)) ĩ sae een res oP cata rey dn ed as Na a Palmerton, Pf 
St. Joseph hh ³ðVA— . us ⁰ʒ tee deter Josephtown, fa 


1 Plant closed July 1, 1961. 


Table 11.—Secondary slab zine plants by group capacity in the United States in 1967 


Slab zinc 
Company Plant location capacity 


(short tons) 

American Smelting and Refining Company. ................. Sand Springs, Ok la 
e HEES Trenton, N. JJ. 
American Zinc Co. of Illinois V V Hillsboro, Ill.__. ..-------- 
Apex Smelting Co. Chicago, III 
Arco Die Cast Metals Co 2222222 2L ... Detroit, Mich............... 
W. J. Bullock, IId 8 Fairfield, Aaůaa 

General Smelting COooꝛ. ³ Lll ll 2l lll. Bristol, Pall. co i. ac 55,900 
Gulf Reduction Co. Houston, Tex..............- 
Kramer Coo . aig ae nS ee 8 El Segundo, Cat ------- 
Pacific Smeltin o: JJ (K C0 Torrance, Cali. 
Sandoval Zine Co SE tee ern 8 Sandoval, Ill...............- 
Superior Zinc EE ee ĩ ðòV 8 Bristol, Ba OIII 


Wheeling Steel Corr Martins Ferry, Ohio......... 


ZINC 1215 


Table 12.—Stocks and consumption of new and old zinc scrap in the United States 1967 


(Short tons) 
Consumption 
Class of consumer and Stocks Receipts —————————————————- Stocks 
type of scrap Jan. 1 New Old Total Dec. 81 
scrap scrap 
Smelters and distillers: 
New clippings.............. 178 945 1,038 ..... TENE 1,088 85 
Old zine -..--..- 377 4,081 ......... 3,929 3,929 479 
Engravers’ plates. 857 3,378 3,083 3,088 650 
Skimmings and ashes 11, 709 60,915 62,484 ......... 62,434 10,190 
Sal skimmings. ...........- 256 608 48l ed See 481 383 
Die-cast skimmings. „ 830 5, 978 4,526 ence . . . 4,526 2,282 
Galvanizers' dross____.___-- 9,179 66,198 62,272 a 62,272 13,105 
Diecastings. . 4,832 40, 88 41,837 41,837 8,803 
Rod and die sera 557 1.215. iix 1,575 1,575 197 
Flue dust aud ac 683 5,213 4,254 mos 4,254 1,642 
Chemical residues 1,236 12,836 11,009 ......... 11,009 3,063 
Total 8 30,194 202,123 146,014 50,424 196,438 35,879 
Chemical plants, foundries and 
other manufacturers: 
New clippings.............. ....... 4 8 1 
Old ane. g' nune tot en. 29ͤ.I“ß 7 7 2 
Engravers- DIBtO8 Seesaw dↄ ũÜü—0mD h,; SSS. 7ðV2⁰v tee. Qoa SEAS 
kimmings and ashes 3,228 11,563 11,005 ......... 11,005 3,786 
Sal skimmings. ............ 5,963 8,269 8,5222 8,532 5,100 
Die-cast skimmings- EES DES OM Wu! wei — 
Galvanizers’ dross.......... ....... . NEC CLE — ))%/%%ͤ 8 
Diecasting ss 19 341 "n" 335 385 25 
Rod and die scrap. zzz 60 9 v" 131 131 20 
Flue dust -2.2-2 ------ 540 8,567 g TIS. uias 3,713 394 
Chemical residues 2,060 22,820 23,703 ........- 23,7038 1,177 
Totül.. 2 2222.22 c20220222 11,279 46,655 46,957 473 47,430 10,504 
All classes of consumers: 
New clippings.............. 178 949 1,042 lic 1,042 85 
Old ZINC: oc oo ed 386 4,081 ........- 8,936 8,936 481 
Engravers’ plates. 857 3,37 3,083 3,083 650 
Skimmings and ashes 14,937 72,478 73,43a;a«;ud 73,439 13, 976 
Sal skimmin gs 5,619 8,877 ss 9,013 5,483 
Die-cast skimmings. ........ 830 5,978 4,526 ......... 4,526 2,282 
Galvanizers' dross. ......... 9,179 66,198 62,219. "i: eve 62, 272 13, 105 
Diecastings. s 4,851 41,149 ......... 42,172 42,172 8,828 
Rod and die scrap.......... 617 1,306 ......... 1,706 1,706 217 
Flue due 1,223 8,780 1.901. iu uetus 7,967 2,036 
Chemical residues 3,296 35,656 34,712 Luc 94,712 4,240 
Total c. eel u us 41,473 248 , 778 192 ,971 50, 897 243, 868 46,883 


1 Figures partly revised. 


Table 13.—Production of zinc products from zinc-base scrap in the United States 
(Short tons) 


Product 1963 1964 1965 1966 1967 
Redistilled slab z ine 60,303 71,596 83 ,619 83,263 73, 505 
C“... ce EM nd 23,749 29,742 33,512 84,326 82,801 
Remelt apelter 2. Ll. Lll ll llle lll. 3,740 3,646 5,324 6,970 4,831 
Remelt die-cast slab... 222222 2222222... 10,168 8,934 14,760 13,003 14,520 
Zinc-die and diecasting alloys. ................... 5,894 5,116 5,468 4,938 9,882 
Galvanizing stock... 611 1,684 1,450 1,585 1,690 


4 
Secondary zinc in chemical products. ...... TO 35,210 86,130 47,997 39,834 38,289 
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Table 14.—Zinc recovered from scrap processed in the United States, by kind of scrap and 


Kind of scrap 1966 
New scrap: 
Zinc-base................ 139,151 
Copper- base 131. 476 
Aluminum- base 3,00 
Magnesium- base DE 299 
Total. pu: c sau 8 273, 926 
Old scrap: f 
Zinc- base . 45, 990 
Copper- base 36,139 
Aluminum- base 4,000 
Magnesium- base 156 
Total. css ac u La: 86,285 
Grand total 860,211 


form of recovery 
(Short tons) 


1967 Form of recovery 1966 1967 
As metal: 
129,774 By distillation: 
106,637 Slab zine II. 82,244 72, 595 
2, 895 Zinc dust. 33,811 32, 309 
28 By remeltin g 8,317 6, 366 
239, 540 d RK cet Se aya u: 124,372 111,270 
In zinc-base alloys..._________-- 16,231 17,273 
40,862 In brass and bronze 172,098 146,441 
36,142 In aluminum-base alloys. ....... 7,147 6,145 
3,165 In magnesium-base alloys. ...... 529 431 
140 In chemical products: 
Zine oxide (lead- free) 16,500 17,255 
80,309 Zine sulf ate 0, 136 9, 586 
— Zine chloride 12,896 11,236 
319,849 Miscellaneous 3 262 
dk EEN 285,839 208,579 


360,211 319,849 


1 Includes zinc content of redistilled slab made from remelt die-cast slab. 


Table 15.—Zinc dust produced in the United States 


Value Value 
Year Short Year Short 
tons Total Average tons Total Average 
per pound per pound 
1968 40,362 $12,592,944 $0.156 1966......... 55,485 $20,418,480 $0.184 
1964. 45,979 15, 724, 818 „171 196777 50, 278 18,098, 280 180 
1965.᷑ĩI 51, 958 19, 328, 376 186 
Table 16.— Consumption of zinc in the United States 
(Short tons) 
1963 1964 1965 1966 1967 
Slab zinee 2L 2l l2. 1,105,113 1,207,268 1,354,092 1,410,197 1,236,808 
Ores (recoverable zinc content). . 1104,705 1105,948 1122,892 1126,696 1114,301 
Secondary (recoverable zinc 
content) 2....______---._----- 204,398 222,535 265,083 269,650 240,888 
Total: c cuan 1,414,216 1,535,751 1,742,067 1,806,543 1,591,997 


1 Includes ore used directly in galvanizing. 
3 Excludes redistilled 31ab and remelt zinc. 
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Table 17.—Slab zinc consumption in the United States, by industry use 


Industry and product 1963 1964 1965 1966 1967 
Galvanizing: 
Sheet and eatrinp. 2... -...- 238,919 257,828 270, 826 264,312 236,185 
Wire and wire rope 39,466 42,793 43,884 39,114 36, 745 
Tubes and oipe. ---.---------------- 56, 563 62,166 63,224 68,848 61,792 
Fittings (for tube and pipe)........... 7,787 8,802 8,641 10,150 11,768 
Tanks and containers N N NA 4,285 4,187 
Structural shapes. NA NA NA 17,838 18,779 
Fasteners_____ 6522 soe m ue ee NA NA NA , 340 ,28 
Pole-line hardware - NA NA NA 11,400 9,985 
Fencing, wire cloth, and netting....... NA NA NA 15,821 16,544 
Job galvanizing....................- 39,223 44,354 51,011 NA NA 
Other and unspecified uses. 88,329 40,893 44,835 59,859 58,486 
Total: oc AAA eg 420,287 456,336 482,421 495,967 458, 605 
Brass produets: 
Sheet, strip, and olate 61, 462 64,701 58 , 864 97,095 67, 237 
Rod and !öÜ 8 48,517 47,246 45,510 60,079 40,759 
IT é ⁵ĩðâ 8 10, 786 10, 402 10, 030 12,148 8,884 
Castings and billets... 8,969 3,258 3,050 3,878 2,295 
opper-base ingots. ................- 7,784 8,565 7,402 9,352 8,121 
Ot er copper-base products... ........ 719 923 1,992 8,500 4,241 
TOt... cen huie de onset rm 128,237 135,095 126,848 185,552 131,537 
Zinc-base alloy: 
Die casting allo 462, 548 517,354 629,809 596,371 525,960 
Dies and rod allo 2.2-2- ------- 720 604 535 495 420 
Slush and sand casting allo 5,356 6,624 7,626 9,170 8,738 
TOUR tote ace dote Mee. 468,619 524, 582 637 , 970 606 , 036 535,118 
Rolled ane... 42,166 44,181 45,882 52,612 45,443 
Zincoxidée.. ee 8 16,037 19,991 25,781 28,488 29. 774 
Other uses: 
Wet batteries 1,216 1,168 1,188 1,529 1,284 
Light-metal lead 2,095 2,393 2,444 2,716 1,394 
ht-metal alloys.. --.--------------- 5,660 4,769 8,124 10,239 8,805 
T E A oe nu E E ANE EA 20,796 18,753 23,434 27,048 24,848 
SN cus tae tee 29,761 27,088 35,190 41,592 36,331 


NA Not available. 


1 Includes zinc used in making zinc dust, bronze powder, alloys, chemicals, castings, and miscellaneous 


uses not elsewhere mentioned. 


(Short tons) 


1,105,113 1,207,268 1,354,092 1,410,197 1,236,808 


Table 18.—Slab zinc consumption in the United States in 1967, by grades and industry use 


(Short tons) 
Special High Inter- Brass Prime! 
Industry High Grade mediate Special Western Remelt Total 
Grade 
Galvanizing..................... 24,636 25,337 1,421 102,482 301,700 3,029 458 ,605 
Brass and bronze 38,263 58,838 210 5,741 26,879 1,606 131,537 
Zinc-base alloy 531,365 1,169 3 1,470 968 535,118 
Rolled zinc. ....................- 20,528 11,556 6,061 7,290 8 45, 443 
Zinc die; 9,369 914 ...... .......-- 19,491  ..... 29,774 
ATHEN 19, , 834 8,391 803 8,138 5,114 51 36,331 
/// ˙¹ꝛ- Soe 643,495 101,205 8,048 123, 744 354, 662 5,654 1,236,808 


1 Includes select grade. 
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Table 19.—Rolled zinc produced and quantity available for consumption in the United States 


Production: ! 
Photoengraving plate 12,378 
Other plate over 0.375 inch thick W 


Sheet zinc less than 0.375 inch thick. ` W 
Strip and foil. ..................... 34,670 
Rod and wire W 
Total rolled ane 2...22. 51.42 
eee, ß See Sura „708 
Exports...... ³² AA EEN 4, 921 
Available for eonsump tion. 48,222 
Value of slab zinc (all grade... 
Value added by rolling 


1966 


Value 


Total 


w 
15,581,246 
w 


25,713,635 


Average 


. 225 
w 


W Withheld to avoid disclosing individual company confidential data. 
Figures represent net production. In addition, 21,061 tons in 1966 and 18,672 tons in 1967 were rerolled 
from scrap originating in fabricating plants operating in connection with zinc rolling mills. 


Short 
tons 


12,002 
W 
W 
29,028 
W 


44,240 
48 


1967 
Value 
Average 

Total per 
pound 
$9,003,750 30.375 
W W 
W W 
13,224,651 .228 
W W 
24, 652, 763 -279 
276,000 .218 
2, 709, 000 . 380 
e 40 
3 .139 
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Table 20.—Slab zinc consumption in the United States in 1967, by industries and States 
(Short tons) 


State Galva- Brass Die Other 3 Total 
nizers mills ! casters 2 

Alabama... ee. 34,299 W mi W 35.999 
PATIZONO EEGEN, (EE E W 
III ³Ü¹wu¹ ⁰y W 
Gf 888 32, 542 2, 320 9,898 1,575 46,335 
Solordgdsss‚s‚» 88 W 4,043 
Connecticut. ...... LLL Lc .............. 3,199 95,686 w W 41,717 
Delawarrreeeeee SE n Te W W 1,307 
Fei; 8 3,060 W eben: W 
CU ̃⁵· à¼ AA ees ·¹ w ! L slug Sus NR ee W 
E EES Meet ` Leet 8 W 
EECH w W 
LI GE 42,221 25,482 77,300 W 167, 633 
Ai ðVAK ͤ K 65, 063 44,492 W 141, 876 
Ee ik ces east ag ate ch aan ates Cham a o D SE .. W 
e ße . Bade etic W W W 
Kentune«aͤ«᷑«ͤ«-‚-ͤ„ͤ„»«»„ñßlU! oe wees W NN W 15, 726 
Louisiana... K ace eie 1; 7 e oce euni W 
MMI. 8 D" + seeks, ð vd t ut 
Maryland WEE W WW m iier w 29,292 
Massachusetts 2, 820 W W 8,136 
Miene; y ⁊ Ce ees 4, 958 15,192 132, 485 W 154, 945 
Minnesota... agg 2, 873 ;ö»ö»;o; eat feces 
Missisippi- -oe araen aaa aa a aa aa. aW EES W 
Missouri-. ùù·Qͤ³r¹wqß1 ²⅛˙.¹ 0 ꝛ—v! beeen 7,692 W 5,915 W 15,060 
Nebraska... 2.2.2 22-2 .2l.l.- W W iioc WwW 1,933 
New Hampshire... ------- JJ Stu aska w 
New Jersey.. 2222222 LL 222 csl ll 2 3,217 6,003 W 1,857 W 
New Mi %ðͤ 8 a u a e Q me ir W W 
New York.. AA AA ĩ tees 14,356 W 64,815 w 93,598 
North Carolina... W... Z eeu. Ww 1,258 
ONIO: s i.. E O EEO 89,235 W 77,718 1,425 w 
Geier 88 4108 W W 9,009 
M/ ³ olandese ce 8 602 W w w 8 
Pennsylvania 60,365 7,525 24,032 W 133,641 
Rhode Island. .........................- W W okie secs W 752 
Tennessee 78444 W W 2, 529 
%%0%0ͤ mm ee ß 8 15,098 w W w 48,794 
Lët d ENEE W Ee, ` 8 652 
MEET 224 37 W w 1,909 
Washington 998 &6  __._.. EL. _........ W 2,083 
West Virginia 11,791 N W 13, 038 
Wisconsin... 2-2 - L2 lll 2l. 1,483 W 8,405 W 14,787 
Undistributed -2222020222 52, 552 37 , 686 89,090 106,640 244,271 

Total NEEN 455,576 129 ,931 534,150 111,497 1,231,154 


W Withheld to avoid disclosing individual company confidential data; included with ‘‘Undistributed.”’ 
! Includes brass mills, brass ingot makers, and brass foundries. 

? Includes producers of zinc-base alloy for diecastings, stamping dies, and rods. 

3 Includes slab zinc used in rolled zinc products and in zinc oxide. 

* Excludes remelt zinc. 


Table 21.—Production and shipments of zinc pigments and compounds ! in the United States 


1966 1967 
Shipments Shipments 
Pigment or Produc- ——————————— Produc- —————————-————— — 
compound tion Value 2 tion Value 2 
(short Short ——————— — (short Short ` ————-—-————— 
tons) tons Average tons) tons Average 
Total per Total per 
ton ton 
Zinc oxide . 202,806 193,665 552, 230, 204 $270 187,208 181,486 $50,299,922 $277 


Leaded zinc oxide? 10,662 11,557 3,038,171 263 9,699 10,306 2,596,913 252 
Zinc chloride, 

509 B . 58,436 56,461 W W 00,853 51,229 W W 
Zine sulfate... .... 53,328 51,698 7,936,753 154 48,847 48,800 8,436,628 173 


W Withheld to avoid disclosing individual company confidential data. 

1 Excludes lithopone; figure withheld to avoid disclosing individual company confidential data. 
2 Value at plant, exclusive of container. 

3 Zinc oxide containing 5 percent or more lead is classed as leaded zinc oxide. 

4 Includes zinc chloride equivalent of zinc ammonium chloride and chromated zinc chloride. 
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Table 22.—Zinc content of zinc pigments ! and compounds produced by domestic 
manufacturers, by sources 


(Short tons) 
1966 1967 
Zinc in pigments and com- Total Zinc in pigments and com- Total 
Pigment or pounds produced from— zinc in pounds produced from— zinc in 
compound pig- pig- 
Ore Sec- ments Ore Sec- ments 
————— Slab ondary and — Slab ondary and 
Domes- For- zinc mate- com-  Domes- For- zinc mate- com- 
tic eign rial pounds tic eign rial pounds 
Zinc oxide..... 76,851 28,140 28,438 28,546 161,975 65,719 29,057 29,774 25,181 149,681 
Leaded zinc 
oxide 4,269 2,292ᷣͤo.: .... ...... 6,563 3,235 2,922 ...... .....- 6,157 
Total... 81,120 30,434 28,438 28,546 168,538 68,954 31,979 29,774 25,181 155,888 
Zinc chloride . W W 14,141 ...... ...... W W 12,080 
Zinc sulfate... . W W^ uisus 9,725 17,911 3,430 4,076 ...... W 16,015 


Ww Withheld to avoid disclosing individual company confidential data. 
1 Excludes zine sulfide and lithopone; figures withheld to avoid disclosing individual company confidential 


data. 


2 Includes zinc content of zinc ammonium chloride and chromated zinc chloride. 


Table 23.—Distribution of zinc oxide and leaded zinc oxide shipments, by industries 


(Short tons) 


Industry 1963 1964 1965 1966 1967 
Zinc oxide: 

(lei oor et ee um 82, 776 98, 568 103, 057 104, 866 94,388 
Paint EE 34 , 382 31,176 30,249 27,100 24,547 
Ceramics- 2l LLL LLL LLL LL ssl 9,381 9,447 10,009 12,147 9,850 
Chemicals NA NA 11,365 13,678 17,509 
p ei ANE NA NA 977 1,559 5,048 
Photocopying ul l L oes et NA NA W 11,405 14,039 
Coated fabrics and textiles W W W 
Floor covering W 438 363 W W 
§];ð²⁵,? ” r « y k my aap se 35,732 39, 674 30, 550 22,910 16,105 

(ull E 172,271 174, 303 186, 570 193,665 181,486 

Leaded zinc oxide: B n mm 

SCG so uuu et a ela ces 14,899 13,124 10,951 r 10,462 8,644 
Duc Od agate gael 574 489 899 r1,095 1,662 
Other and 5 CFF 

Cöͤo g y ꝛĩ Su LR Em 15, 473 13, 613 11,850 r 11,557 10,306 

r Revised. 
W Withheld to avoid disclosing individual company confidential data, included with “Other.” 
NA Not available. 
Table 24.—Distribution of zinc sulfate shipments, by industries 
(Short tons) 
Rayon Agriculture Other Total 
Year ————— — — ——— — — — — 
Gross Dry Gross Dry Gross Dry Gross Dr 
weight basis weight basis weight basis weight basis 
1963............ W 10,785 9,407 29, 826 23,674 40,111 33,081 
19644. 18, 066 16, 103 11,248 9,807 17,292 11,231 46,606 37,141 
1965-_...... 8 21,204 18,886 14,331 12,449 15,009 10,637 50,544 41,972 
196 18,659 16,562 19,334 16,891 13,705 9,372 51,698 42,825 
1967... S52 W 17,156 14,803 31,644 24,742 48,800 39,545 


W Withheld to avoid disclosing individual company confidential data, included with ''other." 
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Table 25.—U.S. exports of zine pigment 


1966 1967 
Kind —— — — MÀ 
Short tons Value Short tons Value 
thousands) (thousands) 
Zinc TEEN 3,633 $1,089 3,440 $1,064 
Be le l: u ck ee issues 8 3,017 644 735 267 
%hĩĩͤöĩ§ĩ§[k%⁵ ⁰ ERTE 6,650 1,733 4,175 1,331 


Table 26.—U.S. imports for consumption of zinc pigments and compounds 


1966 1967 

Kind — — P ——  O-——IF F— Nh 
Short tons Value Short tons Value 

thousands) (thousands) 
AR, TEE 14,492 $2,787 13,767 52,567 

Zine sulfide- 222 cL ll .c.lll ll 3 4 

e, , eaaa EE 182 33 116 22 
Zine chloride 22 222-222. -- 1,594 266 1,167 197 
ie... mo C. SS Let 1,616 177 3,291 351 
Zine evanide . 2 L2 Llc... l. 100 78 46 35 
Zinc compounds, n.8s.p.f------------------- 302 178 170 89 
lll "—— 18,649 3,633 18,988 8,404 


Table 27.—Stocks of zinc at zinc-reduction plants in the United States, Dec. 31 


(Short tons) 
1963 1964 1965 1966 1967 
At primary reduction plants. .................... 46,374 30,680 27,635 63,626 81,307 
At secondary distilling plants 1,536 498 987 1,172 609 
Total: s ee l te hd Se eee De 47,910 31,178 28,622 64,798 81,916 


Table 28.—Consumer stocks of slab zinc at plants, Dec. 31, by industries 
(Short tons) 


Galva- Brass Zinc Zinc Oxide 
Date nizers mills ! die- rolling plants Other Total š 
casters 2 mills 
Dec. 31, 1966 r 71,229 715,646 * 85,920 3,371 463 r 2,964 * 129,593 
Dec. 31, 196/777. 56,617 14,287 24,770 2,578 675 3,529 102,456 
r Revised. 


1 Includes brass mills, brass ingot makers, and foundries. 
2 Includes producers of zinc-base alloy for diecastings, stamping dies, and rods. 
3 Stocks on Dec. 81, 1966, and Dec. 31, 1967, include 261 and 270 tons, respectively, of remelt spelter. 
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Table 29.—Average monthly quoted prices of 60-percent zinc concentrate at Joplin, and 
common zine (prompt delivery or spot), East St. Louis and London ! 


1966 1967 
60-percent Metallic zinc 60-percent Metallic zinc 
Month zinc con- (cents per pound) zinc con- (cents per pound) 
centrates ——————— —  centrates ————————————— 
in the Jop- East in the Jop- East 
lin region St. Louis London?? lin region St. Louis London 22 
(per ton) (per ton) 
nur?, $92.00 14.50 13.73 $92.00 14.50 12.68 
Februar ' 00 14. 50 13. 60 92. 00 14. 50 12. 80 
Mree!n‚n oe 92. 00 14. 50 13. 64 92.00 14. 50 12. 67 
Fl 8 92. 00 14. 50 12. 64 92.00 14.50 12.34 
MR8S ees te se See the ee 92.00 14.50 12.25 88.40 13.65 12.48 
P ³A ee ws 92. 00 14. 50 12.32 86. 00 13.57 12. 44 
Ur 92.00 14.50 12.00 84.00 13.50 12.03 
August 92. 00 14. 50 12.02 84.00 18.50 12.09 
September 92.00 14.50 12.27 84.00 13.50 11.91 
October 92.00 14. 50 12. 52 84. 00 13. 50 11. 88 
November 92. 00 14. 50 13.07 84.00 18.50 12.40 
December 92. 00 14. 50 12. 95 84. 00 13. 50 12. 06 
Average for venr ----_-- 92.00 14.50 12.75 87.20 13.85 12.37 


1 Jopiin: Metal Statistics, 1967. East St. Louis: Metal Statistics, 1967. London: Metals Week. 


2 Conversion of English quotations into U.S. money based on average rates of exchange recorded by Federal 
Reserve Board. 


3 Average of daily mean of bid and asked quotations at morning session of London Metal Exchange. 


Table 30.—Average price received by producers of zinc, by grades 
(Cents per pound) 


Grade 1963 1964 1965 1966 1967 
Special High Grade P 11.66 14.17 15.05 14.98 14.06 
High ag 8 11.61 13.64 14.55 14. 63 14.12 
Intermediate... ------------------------- 11.79 14.03 14.70 14.85 13.99 
Brass Special... 11.80 13.90 14.62 15.02 18.94 
JöÜö;1 d é 11.29 13. 55 , eee 
Prime Western________ 22 LL c2 lll lll. 11.35 12.97 14.16 14.36 18.81 
All grades- ------------------------------- 11.55 13.64 14.62 14.69 13.96 
Prime Western; spot quotation at St. Louis 1. 12.01 13.57 14.50 14.50 13.85 


1 Metal Statistics, 1968. 


ZINC 


Table 31.—U.S. exports of slab and sheet zinc, by countries 
(Short tons) 


Destination or other forms, n.e.c. 
1965 1966 1967 1965 1966 1967 
Et, Soc Se eee eke oe Seek 1 (1) 18 29 42 
AUa( QIR; c « ꝗ ꝗ xy d lie) Seon abe 74 42 24 
Belgium- Luxembourg „„ 1298 11 
E! ⁰⁰ aa S 789 61 188 42 7 
Egeter 211 191 1,198 2,144 2,059 1,934 
Eege hr Ed ene Er 172 69 142 60 102 59 
Colombia 23 21 93 33 49 34 
FP 8 (1) 74 48 34 
Germany, West- -------------------------- 2 1 451 1,572 173 18 
te EE 1,822 4 18,724 10 B “ee ceaces 
EECH, 38 33 
Korea, South... cl ee . W RS JJ» 8 1 
ee ß EER EES Seat A 1 29 6 19 18 32 
Netherlandss²ẽůẽwʒl „„ 59 48 18 
New Zealand ñ ² « —; ... bokseas ¿sss 77 23 48 
Philippines... ............. Ll LLL. Llslsr-- 222 350 33 30 12 
South Africa, Republic ol. 62 xut jo ete 114 149 113 
EE EE DT 49 47 25 47 21 18 
WOO EENEG 29 22 26 
Switzerlanñdddddddddddddddd ˙xßh 5 20 27 
9 0 I HOC SUN ß 8 350 357 () 9 
United Kingdom ..... 1 a. nior 168 148 149 
Venezuela... 100 512 148 92 332 188 
Viet-Nam, South nn 46 61: 2c 664 481 
OCR TS oo ee s s s: CERE 274 422 60 400 261 280 
, ten ee 5,989 1,406 16,809 5,120 4,921 8,565 


1 Less than 1$ unit. 


Slabs, pigs, and blocks 


Sheets, plates, strips, 


Table 32.—U.S. exports of zinc by classes 


Slabs, pigs, or blocks Sheets, plates, strips, Zinc scrap and dross Semifabricated 
" or other forms, n.e.s. (zinc content) forms, n.e.s. 
ear ——— ——— 
Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- 
sands) sands) sands) sands) 
1965... A 5,939 $1,765 5,120 $3,051 5,617 $1,153 2,764 $1,931 
1986... 1,406 749 4,921 3,198 4,469 702 r 8,034 r 1,894 
19 —“U-6S 16, 809 4,287 3, 565 2, 709 1, 665 530 2,161 1,177 
r Revised. 
Table 33.—U.S. imports of zinc, by countries 
(Short tons) 
Country 1965 1966 1967 Country 1965 1966 1967 
Ores (zinc content): Blocks, pigs, or slabs: 
Algeria......... 4,408 164 9,26 Australia 1,120 27,007 7,187 
Australia 2, 667 4, 334 4, 836 Belgium- 
Bolivia 4, 098 5,788 9,576 Luxembourg. . 8,889 27,469 16,100 
Canada. 201,353 272,950 289,387 Canada 88,554 116,778 80,487 
Germany, West. 1,34 9,6 6,248 Congo 
Guatemala 318 s (Kinshasa)... 12,614 12,814 2,921 
Honduras 6,786 10,77 9,72 Germany, West. 230 6,062 939 
Mexico 117,354 114,677 119, 135 Japan 12,995 19,805 41, 621 
Morocco 5,03 7,4 6, 516 Mexico 12,787 22,702 18, 673 
Netherlands 3,198 ....... Norway........ ..-.--- 4,032 8,753 
eru 73,721 78,254 69,357 Peru 10,823 30,805 33, 568 
Philippines 9 23 ook. Poland......... ....... 5,421 9,870 
South Africa, Spain 1,768 926 2,094 
Republic of... 11,267 12,565 8,419 United 
Yugoslavia..... ....... 769 __..--.- Kingdom 258 1,145 
Other... o. Herescu 410 1,627 Yugoslavia. .... 887 551 474 
ther 2, 823 3, 545 3,280 
Total 428,040 521,320 534, 092 
Total 152,990 278,175 222,112 
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Table 34.—U.S. imports for consumption of zinc, by classes 


Year 


Ore (zinc content) 


Blocks, pigs, 


Sheets, plates, strips, 


and slabs and other forms 
Value Value Short Value 
Short toa3 (thou- Short tons (thou- tons (thou- 
sands) sands) sands) 
402, 936 $53 , 829 153,957 $42,605 1,381 $453 
896,375 51,696 280,307 75,624 1,708 670 
431,319 58,075 222, 002 57,531 648 276 
Old and worn out Dross and Zinc dust 
skimmings 
— ——————-— — — Total 
Short Value Short Value Short Value value 1 
tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 
1,576 $337 3,125 $667 244 $57 $97,948 
,032 402 4,531 893 1,286 398 129,683 
1,465 240 2,498 433 8,771 1,211 117,766 


! In addition, manufactures of zinc were imported as follows, 1965, $481,431; 1966, $545,008; 1967, $318,287. 


Table 35.—U.S. imports for consumption of zinc, by countries 


Country 


Ores (zinc content): 
Algeria. 
Australia 5 


Germany, West 
Guatemala 


Philippines 
South Africa, 
Republic of 


1965 


6,439 


1966 


87,112 


3,587 
396 ,375 


(Short tons) 


1967 


431,319 


Country 1965 
Blocks, pigs, or slabs: 
Australia 1,766 
Belgium- 

Luxembourg.... 9,101 
Canada , 585 
Congo (Kinshasa). 12,614 
Germany, West... 248 
Japan 11,092 
Mexico 12,787 

CFC 10, 356 
Poland. 
Spain 3,230 

nited Kingdom. - 836 
Yugoslavia. ...... 887 
Other 2, 955 

Total. 153,957 


1966 1967 
27,007 7,187 
27,469 15,989 

116,758 80, 482 
12, 814 2, 921 

6, 063 939 
21,712 41,621 
22,773 18,678 
30,854 33, 568 

5,421 9,870 

1,050 2,094 

258 1,145 
551 474 

7.577 7,039 

280,307 222, 002 


ZINC 
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Table 36.—World mine production of zinc (content of ore) recoverable where indicated, 
by countries 123 


(Short tons) 


Country 2 1963 1964 1965 1966 1967 P 
North America: 
anada.. -2-2-2 497,180 729,939 r 910,928 71,046,963 1,248,977 
Guatemala 4... 12289 8 938 r 549 272 
Honduras r 5 8, 230 9,445 12,265 13,661 14,383 
Mexieo 2-2-2- r 264,354 r 259 , 708 r 247 , 883 r 241,604 817,854 
United States 49). 529,254 574, 858 611,153 572, 558 549,413 
South America: 
Argentina 31,677 25,257 32,715 r 29, 270 30, 038 
Poltwig s. r 4, 662 r 10,523 r 14,999 r 17, 646 18,468 
Ju.... sue onbknue dudar rie r 5,750 NA N 
Chiles oS ete cis 551 1,108 r 1,524 2,301 1,238 
Colombia e... 100 110 r 58 r 330 610 
Ecuador 395 r 420 260 149 177 
Loll See ee A eee CRM CE 214,836 260 , 873 280,533 284,196 350 , 450 
Europe: 
Austria. 7,816 8,004 7,609 8,568 8,952 
Bulgaria 63,831 70,715 73,036 er 90,000 e 90,000 
Finaneg 73,142 69,436 76,070 59,938 e 62,500 
Franee. -2020an 20,060 18,564 23,040 r 25,671 e 28,000 
Germany: 
NIE r 11,000 r 11,000 r 11,000 r 13,000 13,000 
N ee 119,213 122,699 120,284 117,462 116, 808 
Greece 333. r 13, 730 r 11,410 r 11,660 r 8,600 11,500 
Hung ar 2, 900 3,100 3,600 e 8,600 NA 
Ireland us uuu, D 902024. Aeee . betwee eS 1,584 r 27,800 26,900 
RA ee oe eo E r 118,291 122,720 127,438 r 128,277 136,397 
Norns? elc. 14,383 13,771 r 14,261 r 14,673 e 18,400 
Poland -„----------0------- r 162,100 r 166,100 r 167,700 r 165,700 216,200 
Portugal... locu r 188 1,04 r 3,254 r 2,585 NA 
i A E 101,118 97,509 r 43,283 60,659 65,154 
Sweden 93 , 682 85,070 r 87,000 r 94,000 NA 
U.S.S.R.* 4__ 5 r 440, 000 r 470, 000 r 520, 000 r 550, 000 590, 000 
eer Yugoslavia. -- 97,317 101,193 101,213 96,121 e 95,000 ` 
rica: 
Algeria r 40, 000 38,932 42,334 er 13,000 e 13,000 
Congo (Brazzaville) ) 786 5, 578 e 7, 600 e 7, 600 NA 
Congo (Kinshasa) 114,139 116,338 131,345 126,600 88,469 
Morocco 36,418 46, 678 56 , 458 r 59,218 50,178 
South-West Africa, * 
Territory ot 36,715 r 85,311 r 92,936 r 31,132 e 26,000 
pur MDC 4,809 3,681 5,222 6,387 4,577 
re rr scisesinin 42, 100 r 52,000 r 52,200 70, 100 NA 
sia: 
HERE et Gee 8,865 8,438 8,579 er 7,000 e 5,100 
China, mainland e. 110,000 110,000 110,000 110,000 100,000 
Indit o uo a Su 6,460 6,520 5,861 5,386 ,809 
APO ec atc E ecc. e 11,000 er 17,000 er 17,000 er 19,000 NA 
Japan J 218,209 238,602 243,633 r 279,577 289,038 
orea: 
Nor 110,000 110,000 115,000 115,000 125,000 
Son eane 1.245 , 800 1,844 12,889 15,117 
Philippines 4,291 2,355 2,270 1,81 1,706 
"Thailand... r 942 1,520 r 2.326 er2 600 ........... 
gg ul eoi ER 5,044 6,268 r 8,000 r 3, 77 
Oceania: Australia. 393, 647 385, 953 r 391,139 r 413,655 445, 783 
CCC se ulus usa r 4, 035,975 14,432,615 74,750,780 * 4,960,118 5, 175, 463 
e Estimate. p Preliminary. r Revised. NA Not available 


1 Data derived in part from the International Lead and Zinc Study Group Monthly Bulletin, Yearbook of 
the American Bureau of Metal Statistics, the United Nations Statistical Yearbook, the Statistical Summary 
of the Mineral Industry (Overseas Geological Surveys, London), and Metal Statistics (Metallgesellschaft) 

ermany. 

2 Czechoslovakia produces concentrate for export, and North Viet-Nam and Rumania also produce zine, 
but data are not available. 

š Compiled mostly from data available June 1968. 

4 Recoverable. 

s United States imports. 

6 Estimated content of zinc concentrate only. 

? Year ended March 20 of year following that stated. 

8 Totals are of listed figures only, no undisclosed data included. 
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Table 37.—World smelter production of zinc, by countries ! 2 5 


Country ? 


North America: 


Bulgaria 
France (including dust) . 
Germany: 

East c... oso dees 


— e em we gr en em oe o ge en ew mm em mm e 


gary 
Italy a eo eek 


Yugoslavia... ..... 2... -- 
Africa: 
poke (Kinshasa) 


Asia: 
China, mainland (refined) _ 
e oe eee ees 


e Estimate. » Preliminary. 


1963 


284,021 
62 , 557 
892,584 


r 21,700 


61,800 
186,392 


110,911 
46,539 


58,118 
54,510 


100,000 


201,350 


r Revised. 


(Short tons) 


1964 


337 , 728 
65 , 506 
954,084 


r 24,500 


49,066 


61.237 
51,491 


100,000 


348 , 420 
75,000 


207,795 


— — 


r 3,844,318 4,126,982 


1965 


r 358 , 498 
69,158 
994, 402 


r 26,000 


117,742 
50,778 


62,853 
52,289 


100, 000 


405, 433 
80, 000 


222, 867 


r 4,354,306 4, 563,224 


NA Not available. 


1966 


382, 612 
78, 909 
1,025,066 
24,563 
NA 
69,033 
15,654 

r 277,500 


e 66,000 
r 216,043 


r 13,000 
185,558 


111,715 
56,316 


r 67,800 
r 46,600 


100,000 


r 489,598 


80,000 
1,570 
217,789 


1967 p 


396,134 
NA 
938,830 
e 25,000 
NA 
69,443 
15,605 
250,586 


e 72,000 
203,600 


58, 630 
67 , 783 
49 ,035 


° 5,000 
505 , 906 


4,233,331 


— a 


1 Data derived in part from the International Lead and Zinc Study Group Monthly Bulletin, Yearbook of 
the American Bureau of Metal Statistics, the United Nations Monthly Bulletin and Statistical Yearbook, 
Statistical Summary of the Mineral Industry (Overseas Geological Surveys, London), and Metal Statistics 


(Metallgesellschaft) Germany. 


? North Viet-Nam and Rumania also produce zinc, but production data are not available. 


3 Compiled mostly from data available June 1968. 


4 In addition, other zinc-bearing materials were as follows: 1963, 3,400; 1964, 3,839; 1965, 7,241; 1966, 


10,729; and 1967, NA. 


* Includes production from reclaimed scrap. 


6 Totals are of listed figures only, no undisclosed data included. 


Zirconium and Hafnium 


By Robert F. Griffith’ 


Zircon production in the United States 
in 1967 increased about 4 percent over 
that of 1966. 

Consumption for the past 3 years was 
about equal at 130,000 to 135,000 tons 
per year. The 30-percent decrease in con- 
sumption by foundries in 1967 was com- 
pensated by increased usage in ceramics 
and the production of metal and alloys. A 
sharp increase in orders for commercial 
nuclear power reactors was largely 
responsible for the increased zirconium 
and hafnium sponge production of 42 and 
75 percent, respectively. Net imports of 
zircon remained at about 57,000 tons with 
Australia continuing to supply over 97 
percent. 


Legislation and Government Pro- 
grams.—There is no objective for the two 
types of zirconium mineral concentrate in 
the national stockpile. Stocks of the 16,- 
514 tons of Brazilian baddeleyite, contain- 
ing 11,162 tons of zirconium dioxide, and 
1,721 tons of low-grade material, contain- 
ing 398 tons of zirconium dioxide, are for 


Table 1.—Salient zirconium and hafnium 
statistics in the United States 


(Short tons) 


1966 1967 
Zircon: 
Production W w 
Imports 57, 976 59, 303 
Exports 2,311 2, 729 
Consumption !....... 134,000 134. 000 
Stocks, yearend, dealers 
and consumers . | 38,000 48,000 
Zirconium oxide: 
Production: 4,000 8,625 
Producers' stocks, 
yearend s 1,169 1,132 
Estimate. W Withheld to avoid disclosing 


individual company confidential data. 

1 Excludes foundries. 

? Excludes that used in metal manufacture. 

3 Excludes that used in metal manufacture and the 
equivalent zirconia content of refractories. 


sale by the General Services Administra- 
tion. The Atomic Energy Commission had 
a yearend inventory of 1,500 tons of 
zirconium sponge and 37.5 tons of hafnium 
crystal bar. 


DOMESTIC PRODUCTION 


Zircon was recovered as a byproduct of 
processing titanium mineral bearing sands 
at two dredging operations and a mill 
operated by E. I. du Pont de Nemours & 
Co., Inc. on the Trail Ridge deposit in 
Florida; a dredging operation and mill at 
Folkston, Ga., operated by Humphreys 
Mining Co. for Du Pont; and from tailings 
at the old Skinner mine, near Jacksonville, 
Fla., which were reworked, principally for 
the recovery of monazite-xenotime by 
Carpco Research and Engineering, Inc., 
for National Lead Co. 


Domestic reserves of zircon are large 
but can not be exploited for the zircon 
alone. The probable increase in the pro- 
duction of titanium minerals from sand 
deposits will increase the capability to 


expand  zircon production 
satisfy foreseeable demand. 

Production of milled zircon by five com- 
panies remained near the 1966 level of 
35,000 tons. Zirconium oxide production 
for other than metal manufactured totaled 
to about 8,600 tons. Production of re- 
fractories containing an average of about 
57 percent zirconia decreased 22 percent 
to 25,000 tons. 

Zirconium sponge production increased 
42 percent over that of 1966, in response 
to increase demand for the metals used 
in reactor tubing. Plant expansions that 
are in progress will increase U.S. sponge 
capacity to an estimated 3.2 million 


enough to 


1 Commodity specialist, Division of Mineral 
Studies. 
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pounds by yearend 1968. Changes in 
ownership of the two domestic producers 
of zirconium and hafnium sponge were 
made in 1967. The Wah Chang Corp. 
facility at Albany, Ore., was acquired by 
Teledyne, Inc., of Los Angeles, Calif. On 
May 16, Amax Specialty Metals, Inc., of 
Akron, N. Y., a wholly owned subsidiary 
of American Metal Climax, Inc., became 
sole owner of the sponge plant at Parkers- 
burg, W. Va., and the mill at Akron, N. 
Y., by purchasing the 50-percent interest 
held by Carborundum Metals Company. 
Ingot production increased 27 percent 
to 1,270 tons; powder, 110 percent to 128 
tons; crystal bar and miscellaneous milled 
and fabricated products, exclusive of tub- 
ing, 47 percent to 663 tons. Scrap recovery 
decreased 40 percent, to 289 tons. How- 
ever, ferro and other alloys, exclusive of 
the zircalloys, rebounded from a 54-percent 
drop in 1966, to 3,759 tons, more than 
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double the 1966 production. 

Reflecting the increase in zirconium 
sponge production, output of hafnium 
oxide increased 38 percent and sponge, 75 
percent. 

In late 1966, Westinghouse Electric 
Corp. announced plans to build a zirconium 
ingot melting facility and a mill at Blairs- 
ville, 40 miles east of Pittsburgh to produce 
zirconium alloy tubing for nuclear power 
reactors. The plants were scheduled for 
production in late 1967 and early 1968. 

Construction was started on a manu- 
facturing plant for zirconium alloy tubing 
at Kennewick, Wash., by Sandvik 
Specialty Metals Corp., owned jointly by 
United Nuclear Corp. and Sandvikens 
Jernverk, of Sweden. Startup is scheduled 
for mid—1968. 

Plans for the merger of Harbison-Walker 
Refractories with Dresser Industries, Inc., 
were announced. 


Producers of zircon products in 1967 were as follows: 


Location 


Jacksonville, Fla... 
Sharonville, Ohio... 


Company: 
Carpco Research & Engineering Inc.!.. 
Continental Mineral Processing Co. . 


Product 


Zircon. 
Zircon milled. 


Corhart Refractories Co............ Buckhannon, W.Va. Zircon and zirconia 
refractories. 
D a PEE E EEE EE E Corning, N.Y...... Do. 
Dore Z 8 Louisville, Ky...... Do. 
E. I. du Pont de Nemours & Co., Inc. Trail Ridge, Fla.... Zircon. 
A. P. Green Refractories Co., Philadelphia, Pa.... Zircon and zirconia 
Remmey Division. refractories. 
Harbison-Carborundum Corp....... Falconer, N.Y..... Do. 
Harbison-Walker Refractories Co.... Mount Union, Pa.. o. 
Howmet Corp., Minerals Division... Camden, N.J...... Zircon milled. 
Humphrey Mining Co.............. Folkson, Ga....... Zircon. 
M&T Chemicals, Inc............... Andrews, S.C...... Zircon milled. 
National Lead Co., Titanium Alloy Niagara Falls, N.Y. Do. 
Manufacturing Division (TAM). 
Shieldalloy Corp................... Newfield, N.J...... Do. 
The Chas. Taylor Sons Co.......... Cincinnati, Ohio.... Zircon and zirconia 
refractories 
DO ieuas Suede eect eee Ts South Shore, Ky... Do. 
St. Louis, Mo...... Do. 


Walsh Refractories C Orp........... 


1 From tailings. 
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Producers of zirconium products in 1967 were as follows: 


Company: 
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Custom Tube Division, Clark & 
Wheeler, Inc. 

Foote Mineral Co................. 

Harvey Aluminum, Inc............ 

Jessop Steel Co.................... 


Latrobe Steel Co.................. 
M&T Chemicals Inc............... 
Metal Hydrides, In.. 


National Lead Co., Titanium Alloy 
Manufacturing Division (TAM). 


Norton Corsi rerin ͤ a ins MEE 
Nuclear Materials & Equipment Corp. 
Ohio Ferro-Alloy Corp............. 
Oregon Metallurgical Corp., 


(OREMET ). 
Reactive Metals, Inc............... 


NFP! ˙¹·r¹.n os is BAR EPA 


Shieldalloy Corp................... 
Tizon Chemical Corp.............. 
Transelco, Inc..................... 


Akron, N.Y........ 
Parkersburg, W.Va. 


Paramont, Calif.... 


Exton, Pa......... 
Torrence, Calif..... 
Washington, Pa.... 


Latrobe, Pa........ 
Rahway, N.J...... 
Beverly, Mass 


Niagara Falls, N.Y. 


Huntsville, Ala..... 
Apollo, Pa......... 
Canton, Ohio...... 
Albany, Oreg...... 


Niles, Ohio 
Albany, Oreg...... 
Newfield, N.J...... 


Flemington, N.J.... 
Penn Yan, N.Y.... 


Location Product 
Riverside, Calif.... Mill and other fabricated 
products. 


Alloys, ingots, tubing. 

Mill and other fabricated 
products, sponge. 

Mill and other fabricated 
products. 

Alloy powder. 

Ingots, tubing. 

Mill and other fabricated 
products 


o. 

Chloride, oxide. 

Alloy powder, carbonitride 
and hydride. 

Alloys, carbonitride and 
hydride, chloride, 
compounds, oxide. 

Oxide. 

Alloy powder. 

Alloys. 

Ingots, mill and other 
fabricated products. 
Mill and other fabricated 

products, tubing. 

Mill and other fabricated 
products. 

Alloys. 

Compounds, oxide. 

Alloys, compounds. 


Union Carbide Corp. .............. Alloy, W.Va....... lloys. 
))) “V Niagara Falls, N.Y. Do. 

Vanadium Corporation of America... Cambridge, Ohio... Do. 

Ventron Cor Beverly, Mass..... Do 


Wah Chang Albany Corp 


eee 9? „ 8 © e» P? e 


Albany, Oreg...... 


Alloys, ingots, mill and 
other fabricated 
products, sponge. 


Wolverine Tube Division, Calumet Allan Park, Mich... Tubing. 
& Hecla Inc. 
Zircon Corporation of America...... Solon, Ohio Oxide. 
Producers of hafnium products in 1967 were as follows: 
Company: Location Product 
Amax Specialty Metals, Inc......... Akron, N.Y........ Oxide, sponge and/or 
products. 
C55 a e a a Parkersburg, W.Va. Do. 
Climax Molybdenum Co. of Coldwater, Mich... Do. 
Michigan. 
e PE RSS Apollo, Pa......... Do. 
Reactive Metals, Inc............... Niles, Ohio Do. 
Wah Chang Albany Corp........... Albany, Oreg...... Do. 


CONSUMPTION AND USES 


Zircon consumption in the United 
States in 1967 was estimated at 134,000 
tons, up slightly from 1966. Consumption 
in foundry sand facings, and blasting grain 
fell from 60 percent in 1966 to 45 percent, 
but this decline was more than offset by 
increased usage in ceramics and metal 
and alloys. 


Information supplied by the principal 
dealers and consumers indicated that re- 
fractories consumed 21 percent of zircon; 
porcelains, enamels, glazes, pottery, and 
other ceramic applications, 19 percent; 
metal and alloys, 12 percent; and chemicals 
and others, 3 percent. 


In foundry applications, the greater 
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density of zircon and its higher price re- 
sult in a mold or core cost several times 
that of silica sand. Nevertheless, because 
it gives a better finish, reduces surface 
inclusions, metal penetration, and scabs, 
and lowers cleaning costs zircon is com- 
petitive, and foundry use continued as its 
largest market. The drop in zircon con- 
sumption by foundries in 1967 was believed 
to have resulted from the substantially 
increased use of washed and graded 
chromite sands, which occurred during the 
year. Although chromite sand has d's- 
advantages its cost is lower and it will 
continue to be used where specifications 
are less exacting. 

Most zirconium bearing refractories 
produced, consisted of bricks and shapes 
made predominantly from zircon and 
zirconia. Expressed as the equivalent of 
9—inch bricks, shipments in 1966 increased 
63 percent over those of 1965, to 1.96 
million bricks valued at $5.97 million, 
about a 20-percent decrease in unit price. 
Preliminary data for 1967 indicated that 
shipments decreased 27 percent compared 
with 1966, to 1.44 million bricks valued 
at $5.4 million.’ 

Consumption of zircon for ceramics in- 
creased from an estimated 12 percent of 
total zircon consumption in 1966 to about 
19 percent in 1967. Zirconium compounds 
are desirable as opacifiers in ceramic 
enamels and glazes because of their high 
reflectivity of light and thermal stability. 

Diversified uses of zirconium oxide, in 
addition to those in refractories and 
ceramics, include heat exchangers, high- 
temperature bearings, fuel cells, and mis- 
sile nose cones. Air under pressure of 2,- 
000 pounds per square inch is ducted over 
and through hexagonal blocks of zirconium 
oxide heated to 4,200° F in a wind tunnel. 
The heat is transferred to the air, causing 
it to expand and blast through the tunnel 
at more than 5,000 m'les per hour.“ 

Similar hexagonal blocks are also used 
in heat exchangers handling high-tempera- 
ture fluids. Both the races and balls of an 
antifriction bearing that withstood 1,500°F 
in U.S. Air Force tests were made of 
zirconia.* A zirconium oxide solid-electro- 
lyte fuel cell was used to regulate the flow 
of air and fuel in a furnace control sys- 
tem.° 

Zirconium metal and alloy consumption 
kept pace with the expansion of its major 
market, the nuclear industry. Since early 
1966, U.S. utility companies have ordered 
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nuclear power reactors with a combined 
capacity of over 40,000 megawatts. Each 
megawatt requires from 100 to 175 pounds 
of zirconium. Zirconium alloy tubing, be- 
cause it is extremely resistant to corrosion 
and readily allows the passage of thermal 
neutrons without capturing or absorbing 
them, is the choice material for the fuel- 
rod cladding that contains enriched 
uranium. About 500,000 feet of tubing 
having an average weight of about 0.1 
pound per foot was used in each new 
reactor. Zirconium was also used for reac- 
tor structural purposes. The boiling water 
type reactor uses an estimated 40 percent 
of total zirconium requirement for 
structural members and the pressurized 
water type about 10 percent. Thus, on the 
order of 30 to 45 tons of zirconium was 
required for each new nuclear power reac- 
tor of the capacity ordered in 1967. A 
continuing market exists because one- 
fourth to one-third of the zirconium tubing 
must be replaced each year, and there is 
no scrap salvage from the used tubes. 

The Navy Nuclear Program is also a 
major consumer of zirconium and hafnium 
for use in its various nuclear powered 
vessels. 

Reactor-grade, high-ductile zirconium is 
used as finely shredded foil in camera 
flash bulbs. An estimated 60 tons was 
consumed for this increasingly important 
application because zirconium provides a 
brighter, higher-peak flash than competi- 
tive materials. About 3 percent of the 
zirconium consumed was used as a mate- 
rial of construction in petrochemical plants 
and in urea, sulfuric acid, and hydro- 
chloric acid processing plants since its 
excellent anticorrosion properties justified 
the higher cost compared with competitive 
materials. 

A promising use of zirconium alloys is 
in the production of huge electromagnets 
with inner coils made from zirconium- 
copper, a material with high conductivity 
and mechanical strength. Zirconium-colum- 
bium superconducting solenoid lenses are 
used in cryogenic equipment in an electron 
microscope system. À new English-devel- 


2 U.S. Department of Commerce, Bureau of 
the Census. Refractories. Current Ind. Repts., 
Summary for 1966, Ser. M32C(66)-5, May 24, 
196". 

3 Ceramic Age. Zirconium Oxide Heat Ex- 
changes. V. 83, No. 6, June 1967, p. 45. 

4 Iron Age. Ball Bearing Survives 1,500? F. 
V. 199, No. 3, Jan. 19, 1967, p. 25. 

5 Chemical & Engineering News. V. 45, No. 
22, May 22, 1967. p. 53. 
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oped titanium alloy for jet aircraft contains 
zirconium and tin. Columbium-base alloys 
with zirconium have resistance to molten 
metals and were developed for use at 
elevated temperatures and for supercon- 
ducting applications, such as in supercon- 
ducting magnets. Another columbium-base 
alloy with 10 percent hafnium, 10 percent 
tungsten, and 0.10 percent yttrium is 
dispersion-hardened by the creation of 
hafnium carbides and has excellent 
strength and formability and superior weld 
ductility. 

A new alloy, 80 percent hafnium and 
20 percent tantalum, is used as cladding 
to protect refractory alloys against oxida- 
tion up to 2,200° C, and may be suitable 
for rocket nozzles, thrust inserts, turbine- 
engine components, and space-vehicle lead- 
ing edges. 

A refractory zirconia cloth, its thermal 
and chemical stability enhanced by yttria, 
is stable up to 1,600 C in oxidizing, re- 
ducing, inert gas, and vacuum atmospheres, 
and may have use in ablative plastics, 
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filter media, and high-temperature insula- 
tion. Long-lived cutting tools based on 
tantalum nitride with 40 percent zirconium 
diboride are used for machining refractory 
materials. 

Among the zirconium compounds, the 
hydroxide was used as a constituent of 
ceramic colors and stains; the ammonium 
carbonate solution in water-repellent for- 
mulations for textiles, leather, paper, and 
in latex paints; the acetate for water re- 
pellants and for leather re-tan; and the 
oxychloride as a fixative agent for starch 
finishes on cotton textiles. 

The principal use for hafnium is in 
control rods for naval reactors, where, in 
contrast to zirconium, the element acts as 
a barrier to, and captures, thermal neu- 
trons. The next important use was as a 
strengthening agent in refractory alloys of 
columbium, tantalum, molybdenum, and 
tungsten. À hafnium-tantalum alloy was 
used in rocket nozzle liner applications be- 
cause of its excellent oxidation resistance. 


STOCKS 


At yearend, dealers and millers held 
14,800 tons of crude and milled zircon, an 
increase of 2,100 tons over 1966 figure. 
Similar stocks held by the principal con- 
sumers, excluding foundries, increased 
7,700 tons in 1967, to 33,200 tons. Stocks 
of zirconium oxide dropped 3 percent as 
reported by all producers and consumers, 
to 2,200 tons. Yearend stocks of metal and 


alloys included: 212 tons of sponge, 144 
tons of ingot, 562 tons of scrap, 12 tons 
of powder, and 1,938 tons of alloys in- 
cluding ferrozirconium. Yearend stocks of 
zirconium-bearing refractories remained at 
about 9,000 tons. Yearend stocks of haf- 
nium materials included: 155 tons of 
oxide, 32 tons of sponge, and 4 tons of 
crystal bar. 


PRICES 


The prices of zircon and its products 
remained relatively stable throughout the 
year. Zircon prices are closely allied to 
those for its coproduct, rutile, particularly 
in Australia. It is conceivable that a drop 
in the price of rutile would cause a cor- 
responding increase in zircon prices in 


order to maintain profitable operations. 
The price and availability of hafnium are 
also controlled by the market for reactor- 
grade zirconium. Current practice is to 


apportion about half of the extraction 
and separation costs to each product. 
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Zircon and its products and compounds during 1967 were quoted as follows: 


Price 
Zircon: 
Domestic, containing 66 percent ZrO», f.o.b. Starke, Fla., per short 
...; h ⁊V- sh ea os T" $47.25 
Source not indicated, containing 66 percent ZrO, Camden, N. J., bulk, 
PFF, BER ⁰⁰y 59.50 
Imported, sand, containing 65 percent ZrO;, c.i.f. Atlantic ports, in 
bags, per long ton1.__........................................ 61.00 
Domestic, granular, 1- to 5-ton lots, from works, in bags, per pound 2. 04875 
Domestic, milled, 1- to 5-ton lots, from works, in bags, per pound 2. 055 
Zirconium oxide:? 
Chemically pure white ground, barrels or bags, works per pound..... 1.50 
Milled, bags, 5-ton lots, from works, per pound.................... 0.645 


Zirconium hydride:? Electronic grade, powder, drums, from works, per 


f aka Mee k ees eee eu ere 14.50 to 16.00 
Zirconium: 
Reactor-grade sponge, per pound ?. iw Vꝛ·: ii U i 5.00 to 7.00 
Reactor-grade ingot and alloy ingot, per pound’................... 6.00 to 8.00 
(Commercial grades about $1 per pound less) 
Strip, hot and cold rolled, per pound, average 2................... 14.00 
Plate, per pound, average 3..................................... 10.00 
Bars and rod, forged or hot rolled, per pound, average............. 12.00 
Powder, commercial, per pound 4..................... T 10.00 
Zirconium compounds (f.o.b. warehouse Jersey City, N.J.). single-drum 
prices: 
Basic sulfate, per pound of contained ZrO,;........................ 0.91 
Carbonate, per pound of contained ZrO,.......................... 0.945 
Hydroxide, per pound of contained ZrO;.......................... 1.00 
Oxide, per pound asis.......................................... 0.95 
Acetate, per pound asis........................................ 0.367 
IGZrr0, per pound asis........................................ 0.565 
Hafnium: 
Sponge- per f, ² ²·1AAA] 75.00 
Bar and plate, rolled, per pound................................. 130.00 


t Metals Week. V. 38, Nos. 1-52, January-Decembder 1967. 


* Oil, Paint and Drug Reporter. V. 192, No. 26, Dec. 25, 1966. 


3 Ouoted by a leading producer. 


* American Metal Market. V. 75, No. 1, January 1968. 


FOREIGN 


Materials classed as zirconium ore and 
concentrate weighing 2,729 tons and 
valued at $359,774, were exported to 16 
countries, of which the major recipients 
were Canada with almost 2,000 tons, Co- 
lombia, Chile, Argentina, and Mexico. 
Although the average declared value was 
$132 per short ton, the values ranged 
from $84 (Canada) to $460, indicating 
that some of the material was processed 
beyond the milled stage. Unwrought zir- 
conium and zirconium alloys plus waste 
and scrap, weighing 78,906 pounds and 
valued at $582,741, and wrought zirconium 
and alloys, weighing 558,706 pounds, and 
valued at $6,325,851, were shipped to 17 
countries. The United Kingdom, Canada, 
and West Germany, in that order, re- 
ceived about 85 percent. Shipments of 
unwrought material to the United King- 
dom dropped from 124,840 pounds in 1966 


TRADE 


to 10,719 pounds in 1967. However, ship- 
ment of zircalloy tubes for nuclear power 
reactors increased from 130,339 pounds in 
1966 to 260,567 pounds. 

The unit value of zircon imports, over 
97 percent from Australia, increased from 
$28.50 per short ton in 1966, to $32. Im- 
ports of zirconium oxide dropped to 
170,210 pounds valued at $113,416, from 
500,870 pounds valued at $160,544 in 
1966. No shipments were recorded from 
Canada, a major supplier in 1966. Other 
zirconium compounds weighing 1,388,000 
pounds and valued at $207,900 were re- 
ceived from five countries. The United 
Kingdom, with 25 percent of the weight 
and 42 percent of the value, and Japan, 
with 67 percent of the weight and 42 per- 
cent of the value, were the major sup- 
pliers. 
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Table 2.—U.S. imports for consumption of zircon, by countries 


(Short tons) 


Country 1965 1966 1967 
/ See Aere, ` Lette bee 2258 
/%/öö˙ÜÄé“7t ³i OM POR" 57,744 56,231 57,908 
U ³·˙·ꝛ. ² m ] aa See r S wo S nk „027 1,236 1,111 
Ethiopia niece REL c M NS oe ͥ¶yd k ha Nee et acit 110 x55. 
Malaysia SSS ot Ve ³⁰·Ü wUru ͤ ͥſſſdſddddddͥ́⁰ſddddͥdũ mt 8 11 56 
f ß EE ee, aer aks 110 
Syrian Arab. lee ceeds qam ` Zb Se 228 
United Arab Republie ...r aM 2^ Ee 
United Kingdom. __.__._._.-_.._._-____.-_____.____._____ eee 102. 8 
Total: 
11777; EO Sa hak a a t 58,878 57, 976 59,303 


! Believed to be country of shipment rather than country of origin. 


Imports of unwrought zirconium, waste 
and scrap, weighed 162,837 pounds and 
were valued at $487,649. About 111,600 
pounds with an average value of $4 per 
pound came from France. The rest, from 
the United Kingdom, Canada, and West 
Germany, was valued at less than $1 per 
pound and was apparently scrap. Un- 
wrought alloys from France and West 
Germany weighed 408 pounds and wcre 
valued at $3,313. Wrought zirconium, 


WORLD 


World production of zircon by the non- 
Communist countries was estimated at 
330,000 tons in 1965, of which Australia 
supplied 77 percent. World resources, cur- 
rent and potential production, reserves, 
marketing, and uses of zircon were dis- 


principally from Sweden, weighed 6,079 
pounds, and was valued at $137,880. Fer- 
rozirconium, principally from France, 
Japan, and Australia with minor quantity 
from the United Kingdom, weighed 
1,451,614 pounds and was valued at 
$259,872. Unwrought hafnium, probably 
sponge or ingot, weighing 52 pounds and 
valued at $5,232, was received from West 
Germany. 


REVIEW 


cussed. The United States consumes about 
40 percent of the zircon produced in the 
free world. 


s Ward, J. Prospects for Australian Zircon. 
Australian Mineral Industry, pt. 1, Quarterly 
Review, v. 19, No. 1, September 1966, pp. 13-21. 


Table 3.—Free world production of zirconium concentrates: by countries ! 


(Short tons) 


Country 1963 1964 1965 1966 1967 P 

BE A EE 207,011 206,173 r 253,978 r 273,458 327, 420 
Pl cadet ⁰ 88 569 543 r 546 NA 
COV ION kee ra ⅛ G k 8 NA 167 NA 

Korea h; d 90 6 
Malagasy Republic. 428 564 710 r 777 NA 
Malaysia (zircon exports ) 289 162 629 r 866 NA 
N ö/Üĩo¹ r˙˙m. gꝶ᷑⁵1 nae aie Ee 886 l4]. EEN NA NA 
Senegal .—. u Geer = 3,383 III. asus s NA 

South Africa, Republic ol ------------ LAM DI PI 
United Arab Republic ---------------- 44 AG: :.2. ne r 429 NA 

United States W W W W W 

Total iic Oe een ee 215,081 208,295 255,860 276, 333 327 , 426 


p preliminary. r Revised. NA Not available. 
confidential data. 


! Compiled mostly from data available April 1968. 


W Withheld to avoid disclosing individual company 


? Total is of listed figures only; no undisclosed data included. 
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Australia.—Zircon was produced as a 
coproduct of rutile from the East Coast 
field in New Sovtn Wales and Queens- 
land by nine companies. The ratio of zir- 
con to rutile ranges from 4:3 to 4:5. The 
combined productive capacity of these 
companies, including present expansion 
plans, is 325,000 short tons of zircon per 
year. 

The West Coast field in southwestern 
Australia supplies zircon as a byproduct 
of ilmenite. Productive capacity of two 
companies recovering zircon is estimated 
at 40,000 tons per year. 


Brazil.—A Government-owned company 
started a pilot plant unit at its plant in 
Sao Paulo for the production of zirconium 
and uranium from Caldasito,“ a mixture 
of baddeleyite and zircon mined in the 
region of Pocos de Caldas in Minas Gerais. 


Canada.—Eldorado Mining & Refining, 
Ltd. began construction of a plant at 
Point Hope, Ontario, to produce 300 tons 
of reactor-grade zirconium alloy ingot per 
year. Production, scheduled for late 1968, 
will be by a new process developed with 
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the financial aid of the Canadian Govern- 
ment's program for Advancement of In- 
dustrial Technology, which bypasses the 
sponge step and produces the desired alloy 
directly from a zirconium halide, in the 
reduction furnace.’ 


Germany, West.—Plans were announced 
by Wah Chang Corp. to construct a zir- 
conium plant in West Germany with un- 
named European partners. Startup is 
scheduled for late 1968.5 


India.—Kilogram quantities of nuclear- 
grade zirconium oxide were produced at a 
pilot plant at Trombay and a larger plant 
was planned.“ The Government banned 
the export of zircon sand under schedule 
l of the export control order. 


South Africa, Republic of.— Large de- 
posits of heavy minerals, including an 
estimated 2.2 million tons of zircon, occur 
as beach deposits in the Bothaville Dis- 
trict of the Orange Free State and in 
the Wolmaransstad, Delmas, and Carolina 
Districts of the Transvaal.” 


TECHNOLOGY 


The world's supply of zircon now comes 
principally from beach-sand deposits where 
zircon is recovered as a coproduct with 
rutile and other heavy minerals. As the 
richer deposits become exhausted, it will 
be necessary to rely on those of lower 
grade that contain 1 percent, or less, of 
total heavy minerals. A high-capacity, low- 
cost, lightweight, primary  wet-gravity, 
cone-type separator was developed to treat 
economically marginal deposits of low- 
grade sand.” 

The fastest growing use of zircon is in 
the production of hafnium-free zirconium 


yr eher Engineering. V. 74, No. 10, May 
8, 1967, 

* Metals Bulletin (London). No. 5180, Mar. 
10, 1967, 26. 


9 Department of Atomic Energy, Government 
of India. Annual Report, 1965-66. 1966, 60 pp. 
10 Metal Bulletin (London). No. 5170, Feb. 


3, 1967, p. 27. 
11 Republic of South Africa Department of 


Mines. Quarterly Information Circular, Min- 
erals, October-December 1966. 

12 Carpenter, J. Hall. The Reichert Cone 
Separator. Canada Min. and Met. J., v. 59, 


No. 656, December 1966, pp. 1413-1417. 

13 Agua, E. N., and C. M. Owens. The Micro- 
structural Characterization of Cold-Rolled Zir- 
caloy-4 Sheet. Trans. AIME, v. 239, 1967, pp. 
155-161. 

Babyak, W. J. Hydride Habit in Zirconium 
and in Unstressed and Stressed  Zircaloy-4. 
Trans. AIME, v. 239, 1967, pp. 252-257. 

Bertle, C. G. Diffusion of Zirconium in Zir- 


metal and alloys used in nuclear power 
reactors. Because a small percent of nitro- 
gen or other impurity adversely affects 
the mechanical properties of the metal, 
the "Zircaloys" were developed in the 
mid-fifties to eliminate unfavorable influ- 
ences. Zircaloy-2, the first developed, 
contained 1.5 percent tin and minor quan- 
tities of iron, chromium, and nickel. In 
the later developed zircaloy-4, more iron 
was substituted for nickel. Studies to bet- 
ter understand the properties of these 
alloys and to improve their usefulness may 
lead to the development of new alloys.? 


conium Hydride. J. Am. Ceram. Soc., v. 50, 
No. 3, Mar. 21, 1967, pp. 166-167. 

Davis, R. J. Oxide Growth and Capacitance 
on Preirradiated Zircaloy-2 and Zirconium. J. 
Electrochem. Soc., v. 114, No. 2, February 1967, 
pp. 124-127. 

Marshall, R. P. Adsorption of Gaseous Hydro- 
gen by Zircaloy-2. J. Less-Common Metals 
(Netherlands), v. 18, No. 1, July 1967, pp. 45- 
52. 


Rosler, Ulrich. Zirconium and Its Alloys. 
Siemens Review, v. 33, No. 3, March 1966, pp. 
211-216. 

Slattery, G. F. The Terminal Solubility of 
Hydrogen in Zirconium Alloys Between 30 and 
400° C. J. Inst. Metals (London), v. 95, P. 2, 
February 1967, pp. 43-47. 

Steward, K. P., and B. A. Cheadle. The 
Effects of Preferred Orientation on the Me 
chanical Properties and Deformation Behavior 
of Zircaloy-2 Fuel Sheathing. Trans. AIME, v. 
239, 1967, pp. 504-513. 


ZIRCONIUM AND HAFNIUM 


Commercial grade zirconium sponge is 
produced by reducing zirconium tetrachlo- 
ride with magnesium metal. In producing 
reactor grade (low-hafnium) sponge, com- 
mercial grade tetrachloride is treated by 
solvent extraction to separate the hafnium 
from zirconium, and the resulting zir- 
conium oxide is chlorinated before final 
reduction to the metal. A new method 
using calcium reduction of zirconium fluo- 
ride was under development by Eldorado 
Mining and Refining at Port Hope, On- 
tario, Canada to directly produce specific 
alloys for use in nuclear power applica- 
tions.“ 

The recognized contribution of automo- 
tive exhaust gases to air pollution has 
revived interest in electric-powered auto- 
mobiles. Fuel cells, which convert chem- 
ical energy to electrical energy, are being 
considered as one possible power source. 
A solid electrolyte, high-temperature fuel 
cell using zirconia as the principal con- 
stituent of the electrolyte was developed.“ 

Because zircon refractories are resistant 
to abrasion and molten metals and have 
low thermal expansion, the refractory in- 
dustry, exclusive of foundry sand use, 
accounts for about 20 percent of domestic 
zircon consumption. Án isostatic pressing 
technique was developed for producing a 
high density, heat-resistant zircon refrac- 
tory, weighing 265 pounds per cubic foot.“ 

A revised book describing the newer 
analytical procedures for zirconium, haf- 
nium, and their alloys was published. It 
contains general sampling methods, safety 
measures, information on reagents, and 
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analytical techniques employing absorp- 
tiometry, volumetry, polarography, flame 
photometry, atomic-adsorption spectropho- 
tometry, and spectrography.!? 

Hafnium oxide is produced in conjunc- 
tion with the production of reactor grade 
zirconium. The ratio of recovery is about 
1 pound of hafnium oxide per 50 pounds 
of zirconium oxide. It is relatively expen- 
sive to make reactor grade hafnium metal 
used primarily for use in control rods for 
naval reactors. Crude hafnium tetrachlo- 
ride must be purified to remove all traces 
of oxygen before reduction with magne- 
sium. The resultant hafnium sponge is 
further purified by the iodide bar process 
to increase ductility.* A family of haf- 
nium-base products, rare-earth pyrohaf- 
nates, was developed for use as control 
rods for commercial reactors. Reportedly, 
these materials are fully competitive with 
other control rod materials, such as silver- 
indium-cadmium alloys, that are used in 
the civilian nuclear market.!? 


14 Metals Week. A New Way To Produce 
Zirconium. V. 35, No. 15, Apr. 10, 1967, p. 10. 

15 Bray, Donald T., Lee D. La Grange, Ulrich 
Merten, and Charles D. Park (assigned to Gen- 
eral Dynamics Corporation). Fuel Cell Having 
Zirconia-Containing Electrolyte and Ceramic 
Electrodes. U. S. Pat. 3,300,344, Jan. 24, 1967. 

16 Blast Furnace and Steel Plant. V. 55, No. 
1, January 1967, p. 83. 

17 Elwell, W. T., and D. F. Dodd. Analysis of 
the New Metals Titanium, Zirconium, Hafnium, 
Niobium, Tantalum, Tungsten, and their Alloys. 
Pergamon Press, New York, 1966, 275 pp. 

18 Nielsen, Ralph H. Hafnium and Hafnium 
Compounds. Encyclopedia of Chemical Tech- 
nology. John Wiley & Sons, Inc., New York, 
v. 10, 1966, pp. 754-768. 

19 American Metal Climax, Inc. AMAX News 
Release. Dee, 11, 1967. 
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ARSENIC ' 


Domestic Production.—Arsenic is pro- 
duced in the United States solely as a by- 
product of  base-metal ores, primarily 
copper ore, and only at the Tacoma, 
Wash., plant of American Smelting and 
Refining Company. Production figures can- 
not be published. Production in 1967 
was, however, severely curtailed by the 
strike at copper facilities beginning on July 
15 and continuing through the end of the 
year. 

Consumption and Uses.—Apparent 
consumption of arsenic, essentially all as 
white arsenic (As2Os), increased approx- 
imately 23 percent in comparison with that 
of the previous year as imports rose to 
over 54,100 pounds. Calcium and lead 
arsenate chemicals were the major end 
products with minor amounts of arsenic 
used in sodium arsenate, arsenic acid, and 
several other chemical compounds. Some 
of these products, especially herbicides, 
were in short supply in 1967 because de- 
mand for military and agriculture use 
increased beyond industry expectation. 

Arsenic is primarily used for the toxic 
effect on plants and insects, and to a minor 
degree in alloying of metal such as lead to 
increase fluidity in shot casting. Small 
quantities of sodium arsenite are used as 
an algaecide in farm ponds, to kill off 
potato foliage before harvest, and a 
significant tonnage is used as a wood 
preservative. Arsenic acid is commonly 


Table 1.—Consumption of arsenic wood 
preservatives in the United States 


(Short tons) 


Consumption of Wood 


preservatives 
Year — N 
Wolman salts 
(25 percent Other 
sodium arsenate) 
1964.0 1,970 1,646 
Ee 1,864 2,283 
1966. ..........- 2,330 2,256 
Source: Forest Service, U.S. Department of 
Agriculture. 


used in Oklahoma and Texas as a cotton 
desiccant to remove leaves prior to mech- 
anized harvest. Mono- and di-sodium 
methyl arsenates are used to control 
johnson grass in cotton cultivation, par- 
ticularly in the southeastern cotton grow- 
ing area. Many rodenticides contain 
arsenic toxicants, and arsenic acid is used 
for parasitic control in chicken feed. Fed- 
eral recommendations for use of calcium 
arsenate are now limited chiefly to the con- 
trol of bollworm and cotton leafworm, and 
of lead arsenate to fruit insects and cater- 
pillars. Substantial amounts of granular 
paris green, prepared from arsenic trioxide 
and acetate of copper, are used as a mos- 
quito larvicide. 


1 Prepared by Donald E. Moulds. 
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While synthetic compounds have cur- 
tailed or supplanted use of arsenic in many 
pesticide control applications, the widening 
use of pesticides, especially in developing 
countries, indicated a continued trend in 
consumption of arsenic. 

Stocks.—Domestic producer stocks of 
white arsenic declined substantially as 
shipments exceeded production due to the 
strike. Heavy demand likewise indicated a 
drawdown of commercial stocks at manu- 
facturing plants. 

Prices —The price of refined white 
arsenic, 99.5 percent, at New York docks, 
in barrels, small lots, increased on Feb- 
ruary 1 to 6 to 6½ cents per pound from 
the 5.35 cents-per-pound price effective 
April 1, 1966. This is the fifth consecutive 
increase at New York since 1962. Refined 
white arsenic in bulk carload lots at 
Laredo, Tex., continued at $87 per ton 
throughout the year, and crude white 
arsenic remained at $69 per ton at Laredo, 
Tex., and Tacoma, Wash. 

Arsenic metal was quoted in London at 
£445 per ton throughout the year although 
the pound devaluation reduced the U.S. 
equivalent price to 47.7 cents per pound in 
October 1967 from the prior 55.6 cents 
per pound. 

The price of lead arsenate in 50-pound 
bags increased from 29 cents per pound to 
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30 cents, and sodium arsenate, 60 percent 
arsenic pentoxide, in ton lots, increased 
from 26 cents per pound to 29 cents during 
the year. 

Foreign Trade.—No exports of arsenic 
metal or white arsenic were reported and 
data on exports of arsenical compounds 
were not available but constitute a signifi- 
cant quantity in the form of herbicides 
and other pesticides. 

Imports of arsenic metal, sulfide, and 
white arsenic increased radically in 1967 in 
comparison with that of previous years. 
Import of arsenical compounds, however, 
declined. Total declared value of imports 
was approximately $2.89 million in 1967. 
Sweden continued to be the major sup- 
plier of metal contributing all except 573 
pounds of the total metal imports. Mexico 
was the leading supplier of white arsenic 
with 42 percent of the total followed by 
Sweden, 23 percent; France, 21 percent; 
U.S.S.R., 6 percent; Belgium-Luxembourg, 
4 percent; Republic of South Africa, 4 
percent; and small amounts from the 
United Kingdom, Canada, and Peru. Bel- 
gium-Luxembourg supplied all of the sul- 
fide material, and Canada, the United 
Kingdom, Belgium-Luxembourg, and West 
Germany supplied various arsenic com- 
pounds. The sheepdip originated in Aus- 
tralia. 


Table 2.—U.S. imports for consumption of white arsenic (As.O; content), by countries 


1965 1966 1967 

Country Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- 
sands) sands) sands) 
Belgium- Luxembourg (1) (1) 1,107 $160 
nada i aosi sur s aX ri Sam sas Tees tied tere, 8 90 11 
FORA C6 os % deer 3,447 $238 4,315 $331 5,557 466 
Med?” 88 10, 288 889 11, 828 945 11, 453 1.017 

Fl ³⁰i %rð ͤ .. M LEE ] ⁰ y apes 18 
South Africa, Republic off .I () 968 82 
/r ͤ Kd EE 1,691 136 2,526 201 6,245 616 
UES EE 99. ° EE 1,626 149 
United Kindooe „/h ` Lee dee ` Ae NEE 11 1 
TOtAl WEE 15,525 1,271 18,675 1,477 27,075 2,503 


1 Less than 1⁄4 unit. 
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Table 3.—U.S. imports for consumption of arsenicals, by classes 
(Thousand pounds) 


Class 
White arsenic (As2O3 content).---------------------- 
Metallic arseni ee 
Ahhh. ð we Dee 
(( ³⁰¹ ud ð y ʒ S 


Calcium arsenate. .. 22. 
Sodium arsenate -2-22-2222 


World Review.—Sweden is one of the 
major source countries with production 
from the Boliden mine of Boliden Mining 
Co. Ltd. having a reported production of 
570,000 metric tons of arsenic since 1926. 
This mine was permanently shut down in 
late 1967 upon exhaustion of the ore 
deposit. Future arsenic production in 
Sweden will depend on output from other 
copper mines developed by the Boliden 
Company. A stockpile of arsenic materials 
previously accumulated at the Boliden 
plant was also reported to have been 
exhausted in 1966. 

Producers in the European area were 
reported to be committed in early March 


1965 1966 1967 
— 31,050 37,350 54,149 
Samasqa 361 362 590 
——— 92 60 578 
NN 20 REM 10 
— HE 200 3 
= See 309 364 253 


for the 1967 production at about Y cent- 
per-pound premium above prior contracts 
and spot-lots were very limited in the 
United Kingdom, France, and West 
Germany. 

Production statistics for major produc- 
ing areas are not currently available. The 
increasing foreign production of base- 
metal ores containing arsenic was reported 
to have been offset by lower arsenic yields 
and difficulties in initiating new produc- 
tion. The estimated output for 1967, ex- 
cluding the United States, therefore ap- 
pears to be in the general area of the 
54,000 tons of white arsenic produced in 
1965-66. 


Table 4.— Production of white arsenic, in selected countries 12 
(Short tons) 


Country 1963 
Brail RE 323 

Canadas bo -m 88 9 
EIBHOB. 2 xxx me cru 11,668 

Germany, West ----2----------- 
JADEN EE 904 
Mexico .d 14, 666 
JJ 2 ct ee ͤũ . LE cre eL 683 
Sud TEE 622 
Rhodesia, Southern 605 
South-West Africa 
e E nic e t eet 161 
Sele 8 16, 369 
J.. ð2WQWA. ĩð2 a Se 7, 200 
J. 8 r 53,357 
e Estimate. r Revised. NA Not available. 


1 Arsenic_may be 
Germany, Finland, 


roduced in Argentina, Austria, Belgium, China (mainland), j 1 ] 
ungary, United Kingdom, and Yugoslavia, but there is too little information to esti- 


1964 1965 1966 
207 282 r 349 
162 202 r 351 
12,563 ? 11,436 e 11,200 
78 416 
550 528 603 
16,380 15,188 r 15,152 
685 55 r 402 
410 5 440 330 
206 e 70 NA 
€— — „„ 44 
158 131 123 
19,809 18,188 r 16,204 
7,200 7,500 r 7,600 
r 58,372 r 54,593 r 52,774 


Czechoslovakia, East 


mate production. U.S. figure withheld to avoid disclosing individual company confidential data. 


2 Compiled mostly from data available April 1968. 
3 Exports. 
Including black arsenic. 


s Estimated equivalent recoverable arsenic trioxide content of concentrates produced. 
6 Total of listed figures only; no undisclosed figures are included. 


CESIUM AND RUBIDIUM’ 


Domestic Production.—Two firms proc- 
essed imported pollucite into cesium pri- 
mary products in 1967 compared with four 
in 1966. 


Cesium compounds were produced dur- 
ing both years by American Potash & 
Chemical Corp., Trona, Calif., and Penn 


2 Prepared by Donald E. Eilertsen. 


1240 


Rare Metals Division of Kawecki Chemi- 
cal Co., Revere, Pa., the latter firm 
also produced cesium metal. Dow Chemical 
Co., Midland, Mich., and Rocky Mountain 
Research, Inc., Denver, Colo., produced 
cesium primary products in 1966, but not 
in 1967. Shipments of cesium primary 
products (equivalent cesium) from all 
sources were somewhat smaller in 1967 
than those in 1966; however, shipments in 
both years were near the annual average 
for 1961-65. 

Penn Rare Metals was the only producer 
of rubidium primary products in 1966 and 
1967. Shipments of rubidium primary 
products (equivalent rubidium) by this 
firm and by two former producers, Amer- 
ican Potash & Chemical Corp., Trona, 
Calif., and MSA Research Corp., Callery, 
Pa., were much larger in 1967 than those 
in 1966, which were slightly larger than 
the annual average for 1961-65. 

Consumption and Uses.—Pollucite con- 
sumption was small in 1967 compared with 
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record usage in 1966. Rubidium raw mate- 
rial consumption was slightly larger in 
1967 than in 1966. Statistical data on the 
consumption of cesium and rubidium pri- 
mary products were not available. 

No new large uses for cesium or rubid- 
ium were reported. 

The National Aeronautics and Space 
Administration continued to use small 
quantities of cesium in research and devel- 
opment of advanced energy conversion or 
space propulsion systems. A milestone in 
the development of propulsion systems for 
long range space missions was achieved in 
1966 when a cesium ion electric engine 
completed 341 days of continuous opera- 
tion in a space simulation chamber 

Various forms of cesium had applications 
such as in photomultiplier tubes, infrared 
lamps, scintillation, counters, and spec- 
trophotometers. Rubidium and its com- 
pounds can be used as alternatives for 
cesium and its compounds for some uses. 


Table 5.— Prices of cesium and rubidium and some of their salts 


1 to 277 
Item grams 
(per gram) 
Cesium, 99.5 percent $1.40-33.60 
Cesium, 99.9 percent 1.80- 4.00 
Cesium salts, technical grade: 
Carbonate and chloride .21- 27 
Fluoride . m 2er .26- 32 
Hy drox ide .30- . 36 
Rubidium, 99.5 percent 1.40- 3.60 
Rubidium, 99.8 percent 1.80- 4.00 
Rubidium salts, technical grade: 
Carbonate 27— . 31 
Ghloride...--. e EE .93—- .40 
Fluoride...... PC .48- .53 
Hydrox ide .56- 62 


1.000 
1 to 9 10 to 99 100 to 999 pounds 
pounds pounds pounds and more 
(per pound) (per pound) (per pound) (per 
pound) 
3250-5275 5200-522 5 5150-5175 $100 
300— 325 250— 275 190- 220 125- 
32 30 usa aen de ae aes 
40 UN. esos dixe 
45 AS. lone sica. vues 
275— 300 200- 250 150- 175 100 
325- 375 250- 315 190- 220 125 
41 Stee 
47 45 ? 8 
60 8887§Ü ⁵ðꝛ . 8 
67 65 


Source: Penn Rare Metals Division, Kawecki Chemical Co. 


Foreign Trade.—Data on the exports of 
cesium and rubidium metals and their 
compounds and on imports of cesium 
metal and rubidium compounds were not 
separately classified. Imports for consump- 
tion of cesium chloride were 22 pounds, 
valued at $557, from the United Kingdom; 
and 725 pounds, valued at $31,246, from 
West Germany. Imports of other cesium 
compounds totaling 1,680 pounds, valued 
at $51,866, were all from West Germany. 
Imports of rubidium totaling 327 pounds, 
valued at $3,769, were from Canada. 


Technology.—The National Aeronau- 
tics and Space Administration continued 
its long range program involving the use 
of cesium in advanced energy conversion 
or space propulsion systems. Although 
these have an important potential for the 
future, they involve a very small present 
consumption. 

In the field of energy conversion, studies 
comparing cesium and potassium as work- 


3 American Metal Market. Cesium Ion En- 
gine Runs 341 Days. V. 73, No. 233, Dec. 5, 
1966, p. 20. 
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ing fluids in boiling metal turbogenerator 
(Rankine Cycle) space powerplants have 
been completed by the Oak Ridge National 
Laboratory. Reports defining the condi- 
tions under which either metal exhibits 
superiority over the other are in draft 
form. 

Several contractors, including the Gen- 
eral Atomic Division of General Dynamics 
and the General Electric Company, have 
been determining the compatibility of re- 
fractory metal alloys, brazing alloys, and 
refractory oxides with cesium vapor. Im- 
purity effects are of some importance. 

A flight test of a cesium ion engine was 
scheduled for inclusion in the Applications 
Technology Satellite-D launch in July 
1968.4 

Bureau of Mines metallurgists reported 
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that good results were obtained in extrac- 
tion of cesium from pollucite ore by 
volatilization. Charges of 1 part of pol- 
lucite, 2 parts of limestone, and 0.23 part 
calcium chloride roasted in a tube furnace 
for periods of 2 hours yielded the follow- 
ing recoveries of cesium in chloride sub- 
limate products: 89.1 percent when using 
1100? C and vaccum; 92.9 percent when 
using 1250? C with an air sweep; and 95.2 
percent when using 1250? C without an air 
sweep.” The Bureau also developed a rapid 
and accurate flame photometric method for 
measuring the cesium and rubidium con- 
tent of ores and related extractive metal- 
lurgical products. The method is accurate 
within 2.5 percent of the amount of cesium 
and rubidium present and especially ac- 
curate in the range from 1 to 25 percent.“ 


GALLIUM’ 


Domestic Production.—Gallium metal 
was produced by the Aluminum Company 
of America at their Bauxite, Ark., plant 
and by The Eagle-Picher Co. at their 
Quapaw, Okla., plant. Gallium chloride 
and gallium oxide were also produced by 
The Eagle-Picher Co. The gallium produc- 
tion was derived as a byproduct from proc- 
essing bauxite and zinc ore. 

Consumption and Uses.—The largest 
use of gallium is in semiconductors, princi- 


Up to 999 grams......................... 
1,000 to 4,999 grams...................... 
5,000 to 24,999 grams..................... 
Over 25,000 grams........................ 


Foreign Trade General imports of 
gallium (unwrought, waste, and scrap) 
were reported to be 2,925 pounds com- 
prised of 1,501 pounds from Japan, 859 
pounds from Switzerland, 545 pounds from 
West Germany, and 20 pounds from other 
countries. The reported average value was 
about 7 cents per gram which was very low 
compared with domestic quotations for 
gallium metal and makes it unlikely that 
most of the imports were in the form of 
refined metal. 

Technology.—The Bureau of Mines 
published a research report on recovering 
gallum and germanium from fly ash and 
flue dusts generated during the industrial 
burning of coal. Use of selective volatiliza- 
tion, leaching, and precipitation on a lab- 


pally in the form of the arsenide or phos- 
phide and to a lesser extent for doping 
germanium semiconductors. Minor uses of 
galium were for high-temperature ther- 
mometers, sealant for glass joints, con- 
stituent of solders and other alloys, and 
various experimental applications. 

Prices.—Market prices, per gram, of 
various-grade gallium from bauxite sources 
were the same as in 1966 and are as fol- 
lows: 


Percent of purity 


99.99 99.999 99.9999 
$1.40 $1.50 $1.70 
1.20 1.30 1.50 
1.10 1.15 1.35 
.95 1.00 1.20 


oratory scale demonstrated the technical 
feasibility of extracting the two metals. 
However, the economics of producing and 
marketing either of the two metals by that 
process does not appear likely in the fore- 


seeable future.® 


4 Maltz, Joseph Written Communication. 
National Aeronautics and Space Administra- 
tion, Materials Engineering Branch, Wash- 
ington, D.C. Apr. 5, 1968. 

$ Nichols, I. L., and K. C. Dean. Volatiliza- 
tion of Cesium Chloride from Pollucite Ore. 
BuMines Rept. of Inv. 6780, 1966, 8 pp. 

6 Farley, Kenneth R., and H. E. Peterson, 
Determination of Cesium and Rubidium by 
Flame Photometry. BuMines Rept. of Inv. 
6820, 1966, 19 pp. 

7 Prepared by H. J. Schroeder. 

8 Waters, R. F. and H. Kenworthy. Ex- 
traction of Germanium and Gallium from 
Coal Fly Ash and Phosphorous Furnace Flue 
Dust. BuMines Rept. of Inv. 6940, 1967, 33 
pp. 
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GERMANIUM’ 


Domestic Production.—The primary 
germanium output was essentially all de- 
rived from smelter residues generated in 
the retorting and refining of zinc concen- 
trates from germanium-bearing zinc-lead 
ores of the Kansas-Oklahoma area, and 
from fluorspar-zinc-lead ores of the Ken- 
tucky-Illinois area. American Zinc Com- 
pany operated a germanium refinery at 
Fairmont, Ill., and the Eagle-Picher Indus- 
tries, Inc. operated at a refinery at Miami, 
Okla. The American Zinc Company plant 
was in the process of closure at the end of 
1967 and germanium residues and recy- 
cling of manufacturing scrap will be direc- 
ted to refining facilities operated by other 
companies. | 

Kawecki Chemical Company, Revere 
Pa., and Sylvania Electric Products Inc., 
Towanda, Pa., operate refineries mainly for 
reprocessing domestic scrap supplemented 
by imports of germanium dioxide and 
scrap. 

Statistical data are not available on 
domestic production of dioxide or metal. 
Requirements, however, indicate that pro- 
duction in 1967 was comparatively stable 
with some 30,000 pounds of new german- 
ium required to supplement the 60,000 
pounds of refined metal reclaimed from re- 
cycled scrap. 

Consumption and Uses.—Essentially all 
of the germanium is used in manufactur- 
ing semiconductor devices for electronic 
applications. The electronic industry, with 
a significantly expanding sales record dur- 
ing the past several years, appeared to have 
had a decline in sales of semiconductor 
diodes and transistors in 1967. Sales of 
semiconductor diodes continued to exceed 
1 billion units of which germanium ac- 
counted for about 43 percent in com- 
parison with 51 percent in 1966. Transistor 
sales declined more severely with the total 
below 800 million units. Germanium de- 
vices accounted for 36 percent of the sales 
in comparison with 43 percent in 1966. 
Germanium was reported to have main- 
tained its desirable position in semiconduc- 
tors requiring maximum reliability and 
switching speed. 

The competitive price stability achieved 
in 1967, and continued research in proces- 
sing and infrared applications along with 
ample supply indicate that germanium 
may have reached a low in consumption 
and renewed growth potential. 


Stocks.—Data on stocks of germanium 
in the form of primary dioxide and metal, 
and as scrap for reprocessing, are not 
available. Stocks of all of these materials, 
situated at both domestic and foreign pro- 
ducers and consumers, were considered 
more than ample throughout the year. 

Prices.—The downward trend in ger- 
manium metal and dioxide prices, initiated 
in 1965, ended in September 1966 when 
the price for purified ingot was reduced to 
$175.25 per kilogram (2.2 pounds) in 10- 
kilogram lots. This quoted price continued 
throughout 1967. The price of electronic- 
grade germanium dioxide also continued 
at $88.40 per kilogram throughout the 
year. The decline in price from $252 per 
kilogram, early in 1965, to the current 
$175.25 per kilogram is indicative of the 


competition between germanium and sili- 


con for the semiconductor market and, 
also, the availability of supply of this 
byproduct material. 

Foreign Trade.—Imports of germanium 
during 1966 and 1967 were compiled and 
published in a basket category by the 
Bureau of the Census and include metal, 
dioxide, and manufacturing scrap. The 
total for 1966 was 3,026 pounds valued 
at $151,600, an average of $50.09 per 
pound. During 1967, total imports 
amounted to 3,381 pounds valued at 
$266,600, an average of $78.85 per pound 
and indicates a significantly larger amount 
of metal. The gross weight of imports by 
countries was as follows: United Kingdom, 
124 pounds; Netherlands, 201 pounds; 
Belgium-Luxembourg, 607 pounds; West 
Germany, 1,056 pounds; Switzerland, 
513 pounds; and Italy, 880 pounds. 

World Review.—The major foreign 
producers of germanium are Republic of 
the Congo (Kinshasa), Territory of South- 
West Africa, Japan, Italy, the United King- 
dom, and Yugoslavia. Germanium is also 
recovered from imported ores. in the 
world’s largest germanium refinery, Societé 
Générale Métallurgique de Hoboken, Bel- 
gium, and at. refineries located in West 
Germany. Germanium recovery was also 
initiated in 1967 at a 900-pound annual 
rate from flue dusts at the Bor copper 
smelter in Yugoslavia, and increased pro- 
duction by extraction of germanium 
directly from the copper concentrates was 
planned. 

.. 9 Prepared by Donald E. Moulds. 
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INDIUM” 


Domestic Production.—The American 
Smelting and Refining Company produced 
indium metal and chloride at its Perth 
Amboy, N.J., plant and indium metal at 
its Denver, Colo., plant. The Anaconda 
Company produced 61,000 troy ounces of 
indium at its Great Falls, Mont., plant 
compared with 177,000 troy ounces in 
1966. Source material for indium produc- 
tion was certain smelter flue dusts and resi- 
dues in which the trace quantities of 
indium occurring in zinc minerals were 
concentrated. 

Uses.—Indium was used in electronic 
devices in a variety of ways, such as a com- 
ponent of solder for connecting leadwires 
to germanium transistors, and as a prop- 
erty-modifying component of the inter- 
metallic germanium semiconductor. The 
compounds of indium arsenide, indium 


antimonide, and indium phosphide were 
also used in semiconductor applications. 

A significant use of indium was in sleeve- 
type bearings to promote resistance to cor- 
rosion and wear. Indium was also used in 
solders, glass-sealing alloys, and dental 
alloys. 

Prices —The market quotations for 
indium were $2.75 per troy ounce for 30 
to 90 troy ounces for stick shapes; in ingot 
shapes prices were $2.30 per troy ounce for 
100-ounce lots and $2 per troy ounce for 
lots above 10,000 ounces. 

Foreign Trade.—Imports for consump- 
tion of indium (unwrought, waste, and 
scrap) totaled 289,764 troy ounces valued 
at $493,084. Canada supplied 275,371 
ounces ($448,995), Peru supplied 13,187 
ounces ($41,076), Japan supplied 997 
ounces ($2,451), and the Netherlands sup- 
plied 209 ounces ($562). 


RADIUM * 


Domestic Production. — No primary 
radium was produced domestically but 
Radium Chemical Co., New York, distri- 
buted radium salts for the Belgian com- 
pany Union Miniére du Haut-Katanga, 
which was stil recovering radium from 
Congolese ores. Other domestic concerns 
handling radium materials were Canadian 
Radium & Uranium Division, Canrad Pre- 
cision Industries, Inc., New York; and 
United States Radium Corp., Morristown, 
N.J. These companies handled radioiso- 
topes also, and radium was a relatively 
small part of their business. | 

Uses.—The principal use for radium 
was in therapeutic treatment of cancer 
because of the penetrative power of its 
gamma radiation. Radium purchased by 


doctors or hospitals may be returned to 


the laboratories for conversion or to be 
changed from one type of container to 
another. Radium for these uses was also 
available on a lease or rental basis. The 
use of radium in luminous paints for in- 
strument and clock dials and in static 
eliminators has been largely supplanted 
by cheaper and less hazardous radioiso- 
topes. One large producer of luminous 
paints estimated that radium was used in 
less than 10 percent of their production. 
Increasing use was made of tritium 
(hydrogen-3) and krypton-85, which make 


brighter luminous compounds than radium 
and have little or no penetrating gamma 
radiation. Radium-beryllium neutron 
sources ranging from 300 to 600 millicuries 
were also being replaced by sources having 
no gamma-radiation component, such as 
plutonium-beryllium. Likewise, polonium- 
210, a pure alpha emitter was supplanting 
radium in static eliminators. The principal 
radioactive substitutes for radium in medi- 
cal treatment included cobalt-60, cesium- 
137, iridium-192, and gold-198. 

Although AEC has no direct control over 
the use of radium, most States, under 
radiological health programs, have compre- 
hensive programs concerning radium 
sources; only nine States have no regula- 
tions or inspections. Tighter internal con- 
trols were initiated by shipping agencies 
and railroads because of the loss during 
shipment of several radium-bearing cap- 
sules, one a radium-berylhum neutron 
source used in oil-well logging and the 
other in a medical applicator. For many 
years, the Armed Forces used radium bear- 
ing luminous compounds in watch dials, 
compass faces, aircraft instrument panels, 
and gunsights. Efforts have been made to 
dispose of some of these surplus materials 
and suggestions have been made on 


10 Prepared by H. J. Schroeder. 
11Prepared by Charles T. Baroch. 
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methods to be used.“? It was reported that 
the U.S. Army planned to destroy 70,000 
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old compasses in which dangerous radon 
gas had accumulated. 


RHENIUM “ 


Domestic production of rhenium metal 


meet demand. Consumption, primarily in 


decreased substantially in 1967 as a result high-temperature, high-strength refrac- 
of the prolonged copper strike and there tory metal alloys, also decreased. 
was a substantial drawdown of stocks to 
Table 6.—Rhenium metal statistics 
(Pounds of contained rhenium) 

1963 1964 1965 1966 1967 
Consumption 500 1,500 1,010 1,040 850 
Imports... e eo ee 20 212 469 84 96 
Stocks (December 2iie ------ 280 560 620 600 40 


e Estimate. 


Domestic Production.—Production of 
rhenium, a byproduct of porphyry copper 
ores, fell approximately 27 percent, largely 
as a result of the copper strike which 
closed the principal recovery plant for the 
last 5½ months of the year. Chase Brass 
& Copper Co., Inc., Solon, Ohio (a sub- 
sidiary of Kennecott Copper Corp.), re- 
mained the only domestic producer of 
rhenium metal powder during the year. 
As in 1966, rhenium salts were recovered 
for Chase by Shattuck Chemical Co., Den- 
ver, Colo., and until closed by the copper 
strike, by Kennecott at its new molybdenite 
roasting facility near Garfield, Utah, which 
began operation in mid-1966. This plant 
wil have an annual capacity of about 
3,500 pounds of rhenium contained in 
ammonium perrhenate salts. 

Early in 1966 Chase Brass & Copper Co., 
Inc., purchased Cleveland Tungsten, Inc., 
Solon, Ohio, a subsidiary of Molybdenum 
Corporation of America (Molycorp), and 
in September of that year Chase moved 
its Rhenium Division from Waterbury, 
Conn., to Solon where it was consolidated 
with Cleveland Tungsten into Cleveland 
Refractory Metals, a new division of Chase. 

The only significant sources of rhenium 


continued to be the porphyry copper de- 
posits of the United States, Chile, Congo 
(Kinshasa), and the U.S. S. R. Rhenium 
metal was recovered at plants in the 
United States, the Soviet Union, West Ger- 
many, United Kingdom, and Belgium. 

Consumption and Uses. — Approxi- 
mately 850 pounds of rhenium metal 
powder was consumed, primarily in 
high-temperature, high-strength tungsten- 
rhenium (W-Re), tungsten-rhenium-mo- 
lybdenum (W-Re-Mo), and molybdenum- 
rhenium (Mo-Re) alloys during the year, 
about 19 percent less than 1966 consump- 
tion. Tungsten-rhenium alloys were used as 
high-temperature structural materials in 
fast nuclear reactors and in aerospace ap- 
plications. As has been the case since 1964, 
approximately 85 to 90 percent of the 
rhenium metal consumed during 1967 
continued to be used in refractory metal 
alloys in research projects. Other appli- 
cations continued to be in electrical con- 
tacts, flash bulb filaments, catalysts, and 
coatings. 


12 Halperin, Jerome A., and John M. Heslep. 
Radium in Military Surplus Commodities. 
Public Health Reports, v. 81, No. 12, Decem- 
ber 1966, pp. 1057—1063. 

18 Prepared by Richard F. Stevens, Jr. 
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Prices.—Cleveland Refractory Metals quoted the following prices for rhenium mate- 


rials, minimum order $50: 


Ammonium perrhenate (NH,ReQ,), up to 5 pounds...................... 
Ammonium perrhenate, over 5 pounds... 
Potassium perrhenate (KReO,), up to 5 pounds 
Potassium perrhenate, over 5 pounds.... 
Rhenium metal, grade I, up to 1 pound... 
Rhenium metal, grade I, 20 or more pounds 
Rhenium sintered bar (melting stock), up to 1 pound 
Rhenium sintered bar (melting stock), 5 or more pounds 
Rhenium rod stock, 0.2 inche in diameter 
Rhenium rod stock, 0.025 inch in diameter 
Rhenium strip, 0.6 inch thick. .......... 
Rhenium strip, 0.001 inch thick. ........ 


During 1967, rhenium metal powder 
could reportedly be obtained for about 
$500 per pound when credit for returned 
rhenium alloy scrap was included in the 
price. This scrap material was recycled to 
recover the rhenium content using a spe- 
cial process in which high-purity rhenium 
metal was produced from a mixed starting 
material of crude rhenium salts and rhe- 
nium scrap. 

Foreign Trade.—During 1967, imports 
of high-purity rhenium metal powder 
totaled 96 pounds valued at $42,512. Im- 
ported rhenium metal powder continued 
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$1,580 


to be sold at approximately $20 per pound 
less than comparable domestic rhenium, 
despite the duty (10.5 percent ad valorem) 
paid. 

In accordance with the Kennedy Round 
Tariff Negotiations which were completed 
during the year, the duties on unwrought 
and wrought rhenium were to be reduced 
in stages by 50 percent over the 5-year 
period, 1968—72. In the first stage, effective 
January 1, 1968, the duty on unwrought 
rhenium was to be reduced from 10.5 per- 
cent to 9 percent and that for wrought 
rhenium from 18 percent to 16 percent. 


Table 7.—U.S. imports of rhenium metal, by countries 


(Pounds of contained rhenium) 


Country 


France 


Germany, Wes 
United Kingdom...................-..-....-.- 


WORLD REVIEW 


France.—The U.S. rhenium imports 
from France are believed to represent 
material marketed by the Belgium firm 
Sté. Générale des Minérals for Société 
Générale Métallurgique de Hoboken, 
Hoboken, Belgium, a company associated 
with Fansteel Metallurgical Corp., which 
recovers the rhenium from porphyry copper 
concentrates from the Congo (Kinshasa). 

Germany, West.—Rhenium metal pow- 
der was recovered and marketed in West 
Germany by Herman Stark, Goslar, from 
porphyry copper concentrate imported 
from Chile. Stark’s annual estimated pro- 
duction of rhenium metal is believed to 
be about 500 pounds. 


1963 


1964 1965 1966 1967 
b chee SO: — eue uas 23 
20 208 460 84 72 
4 „ 1 
20 212 469 84 96 


Vugoslavia.— Exploration of the aban- 
doned Mackatica molybdenum mine near 
Surulica indicated the presence of signifi- 
cant quantities of rhenium. It has been 
estimated that there are approximately 40 
tons of rhenium content present in the 
mine and probably considerably more in 
the unexplored deposits in the surround- 
ing area of some 60 square miles. Tests 
indicated that the molybdenum ore from 
this mine has an average rhenium content 
of 150 grams (0.33 pound) per ton of 
ore. 

Technology.—The rhenium recovery 
circuit at the new molybdic oxide plant 
of Kennecott Copper Corp. outside Salt 
Lake City, Utah, was described by H.R. 
Spedden and J.D. Prater in a talk, “Ken- 
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Figure 1.—Rhenium recovery flowsheet at Kennecott Copper 


Corporation, molybdic oxide plant. 
(Courtesy Kennecott Copper Corp.) 
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necott Copper Corporations’ Molybdenite 
Roasting Plant,” at the Rocky Mountain 
Minerals Conference in Denver in Septem- 
ber 1966. A detailed flow sheet of this 
operation is shown in figure 1. 

The significant advantages offered by 
alloying tungsten and tungsten-base alloys 
with rhenium were found to be the lower- 
ing of the ductile-brittle transformation 
temperature and the imparting of suff- 
cient ductility to allow the resulting alloys 
to be formed at or near room temperature 
while still retaining exceptional high-tem- 
perature, high-strength properties. A 
method of preparing ultrafine, extremely 
homogeneous, and finely mixed tungsten- 
rhenium powders continued to be devel- 
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oped by Bureau of Mines scientists which 
allowed closely controllable compositions 
by the hydrogen coreduction of the freeze- 
dried ammonium compounds obtained 
from an aqueous solution. 

Technetium (Tc), a radioisotope found 
in the waste fission products of nuclear 
reactors, is a sister element to rhenium 
and has similar properties. Because of its 
similarity and potentially more abundant 
supply technetium continued to be eval- 
uated .as a replacement for rhenium in 
tungsten-base alloys. In addition, studies 
of technetium as a catalyst to replace 
rhenium are being conducted at Brigham 
Young University, Provo, Utah. 


SCANDIUM * 


Domestic Production.—Scandium was 
recovered in small quantities from thor- 
tveitite and euxenite imported from Nor- 
way and from sludges recovered in ura- 
nium and tungsten processing. The princi- 
pal producers, refiners, or dealers in 
scandium were as follows: Alfa Inorganics, 
Inc., Beverly, Mass.; Atomergic Chemetals 
Co., Division of Gallard-Schlesigner Chem- 
ical Manufacturing Corp., Carle Place, 
N.Y.; King Products, Inc., Arlington, N.J.; 
Research Chemicals, Division of Nuclear 
Corporation of America, Phoenix, Ariz.; 
Semi-Alloys, Inc., Mount Vernon, NY: 
and Semi-Elements, Inc., Saxonburg, Pa. 

Most uranium ores contain traces of 
scandium and when such ores are treated 
by processes using solvent extraction, part 
of the scandium accumulates in the organic 
solvent along with some other elements. 
The organic solvent must be purified 
periodically, and the resulting sludge, 
mostly iron, contains up to 0.10 percent 
scandium. 

Consumption and Uses.—Demand in 
1967 for scandium appeared to be little 
changed over what it has been for several 
years. Scandium metal and compounds con- 
tinued to be used primarily in experi- 
mental work on a laboratory scale. Con- 
sumption was measured in grams, but 
several producers offered some compounds 
in pound lots. The only commercial use 
reported was for the radioisotope scan- 
dium-46, used in small quantities for log- 
ging oil wells; it was produced at the Oak 
Ridge National Laboratory of the Atomic 
Energy Commission. 


Most demand was from university and 
other research groups, some of which were 
engaged in Government research of a clas- 
sified nature. Most: research interest ap- 
peared to be centered on the use of scan- 
dium in alloys and of scandium oxide for 
heat- and  corrosion-resistant coatings. 
Small quantities of high-purity scandium 
sheet were reportedly used in nuclear re- 
search. In other suggested uses scandium 
oxide and carbide were tested as special 
refractories and ceramic shapes and as 
high-termperature semiconductors. 

Prices.—Prices of scandium and its 
compounds covered a wide range, as usual, 
and were very little different from those 
of 1966 but were appreciably less than 
those in 1965. Price variations depended 
on purity and quantity, mainly, but also 
because few standard use specifications had 
been developed and most orders were filled 
on a custom basis. 

Scandium oxide of 99.9-percent purity 
was quoted at $2.80 to $5.00 per gram in 
25-gram to 1-pound lots. The most com- 
mon scandium  salts—chloride, nitrate, 
sulfate, oxalate, and acetate—were priced 
per gram from $5.00 to $6.50 for hydrous 
forms and from $6.50 to $7.50 as anhy- 
drous salts, with somewhat higher prices 
for quantities less than 100 grams. Less 
common scandium compounds such as the 
selenide or telluride were quoted at prices 
up to $50 per gram. 

Scandium metal in ingot form was listed 
on one price sheet at $32 per gram in 10- 


14 Prepared by Charles T. Beroch. 
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gram lots, Scandium foil, which seems to 
be increasing in demand, was available at 
prices varying from about $23 per gram 
for a thickness of 60 mils (thousandths of 
an inch) to about $75 per gram for thin 
foil of 5 to 10 mils thick. 

The radionuclide scandium-46, as the 
chloride in a solution of hydrocloric acid 
and with a specific activity of 10 curies per 
gram, was offered at $20 per millicurie and 
10 millicuries for $35. 
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Technology. — Nuclear Science Ab- 
stracts!® for 1967 indexed 280 abstracts 
concerning scandium, 132 of which were 
on scandium isotopes, 49 were on the 
determination of scandium, 24 were on 
separation and purification of scandium 
principally by ion exchange and solvent 
extraction, 24 were on scandium oxide 
and other compounds, 18 were on alloys, 
and the balance were principally con- 
cerned with physical characteristics of 
scandium, its alloys, and compounds. 


SELENIUM * 


Although strikes in the nonferrous in- 
dustry drastically reduced domestic produc- 
tion of selenium during the second half 
of 1967, a record first half maintained the 
year's total at 96 percent of the 1966 level. 

The Government inventory of selenium 
was increased by the addition of 22,037 
pounds to the Commodity Credit Corpora- 
tion stockpile inventory. Also, 48,963 
pounds is on order, and will be added to 
the 22,037 pounds before March 1968. 
This total of 71,000 pounds was obtained 
by barter from Canada and Japan. With 
the exception of these additions, the in- 
ventory remained unchanged during 1967, 
with 97,100 pounds of selenium in the 


national stockpile and 306,602 pounds in 
the supplemental stockpile. 

Domestic Production.—In the United 
States, six plants produced selenium. Five 
of the six were located at the following 
major electrolytic refineries: American 
Metal Climax, Inc., Carteret, N. J.; Amen- 
can Smelting and Refining Co., Baltimore, 
Md.; International Smelting and Refining 
Co., Perth Amboy, N. J.; Kennecott Cop- 
per Corp., Garfield, Utah; and Kennecott 
Refining Corp., Anne Arundel County, 
Md. The sixth producer, the Kawecki 
Chemical Co., Boyerstown, Pa., is pri- 
marily a producer and fabricator of rare 
metals and rare metal alloys or com- 
pounds for electronic equipment. 


Table 8.—Salient selenium statistics 


(Thousand pounds of contained selenium) 


1963 
United States: 
Production..__. 928 
Shipments to consumers 679 
Imports for consumption 339 
Stocks, Dec. 31, producers... 1,022 
Price per pound, commercial 
Falle 54. 50-55. 75 
World: Production.............- 2,016 


$4. 50-36. 00 
2,160 


1964 1965 1966 1967 
929 540 620 598 
646 824 845 659 
293 251 286 301 
1,305 1,021 797 736 


$4.50-$6.00 $4.50--$6.00 $4.50-$6.00 
1,799 2,000 2,069 


Consumption and Uses.—About half of 
the. selenium consumed in 1967 went into 
electrical or electronic equipment. Pig- 
ments and glass consumed approximately 
one-fourth of the total. The remainder was 
used in xerography, as a catalyst in organic 
reactions, and as a reagent in electroplat- 
ing. Consumption declined more than 15 
percent in 1967. 

Stocks.—The sharp 1966 decline in 
producers! stocks was extended by a fur- 


ther slight reduction. during 1967. How- 
ever, producers! stocks at the end of the 
year were substantially greater than their 
annual shipments to consumers. 
Prices.—Selenium prices remained 
steady at $4.50 per pound, for commercial 


15 U.S. Atomic Energy Commission. Nuclear 
Science Abstracts. V. 21, Nos. 1-24, 1967, 
4,880 pp 

16 Prepared by J. A. Rowland. 
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grade, and $6.00 per pound, for the high- 
purity grade. 

Foreign Trade.—Seventy-seven percent 
of the selenium imported during 1967 was 
from Canada; 20 percent was shipped from 
the United Kingdom; Japan and West Ger- 
many supplied the remaining 3 percent. 

World Review.—A  30-percent increase 
in Canadian production of selenium offset 
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losses in United States and Swedish pro- 
duction, and raised 1967 world production 
to the highest level since that of 1964. An 
increase in Canada’s production of refined 
copper accounted for some of the increase 
in selenium but, evidently, substantial 
stocks of selenium-bearing copper slimes 
were also available. 


Table 9.—World production of selenium by countries 1 


(Pounds) 
Country 1963 1964 1965 1966 1967 p 

Australia 22 eee 3,500 8,50 5,250 4,400 NA 
Belgium-Luxembourg (exports) )) 54,018 87,082 r 98,035 r 91,271 r 90,400 
Canada.. 468,772 465, 746 512,077 r 575,412 752, 221 
Finlanß qa 15, 417 14, 500 12, 577 11, 973 e 13,900 
Japano soseo AA 8 313,494 325, 926 348,038 1 421,190 422,172 
Mexi- ee r 6,336 r 6,980 r 18,137 r 9,772 NA 
Perülczo.2c.d oi ees r 19,791 16,797 18,964 13,131 NA 
8J§· AA 156, 500 180, 800 r 176,400 er 181, 000 2 170, 000 
United States 928, 000 929, 000 540, 000 620, 000 598, 000 
Yugoslavia. .......... 2... LL cle ll 4,120 8,439 17,441 r 20,558 e 22,000 
Zambia: 45, 962 r 121,699 r 57, 574 e 58, 000 NA 

Ko 88 r 2, 015, 905 72,160,469 71,799,493 72,000,707 2, 068, 693 

e Estimate. P Preliminary. r Revised. NA Not available. 


1 Compiled mostly from data available May 1968. 


3 Contained in copper refinery slimes exported for treatment. 


s Total is of liste 


Technology.—A 1967 Bureau of Mines 
publication deals comprehensively with 
contemporary technology of selenium." 
Over 1 thousand technical articles pub- 
lished on selenium in 1967 were abstracted 
for publication by the Selenium-Tellurium 
Development Association, Inc. The Asso- 
ciation also sponsored a 2-day international 
symposium on the Physics of Selenium and 
Tellurium. Major topics for discussion 
were: band structure, crystal growth and 
characterization, optical properties, and 
electrical properties. 

The toxic characteristics of selenium re- 
ceived considerable attention during the 


figures only; no undisclosed data included. 


year. Cigarette paper was found to contain 
10 parts per million of selenium and the 
selenium content of other types of paper 
ranged from 1.2 to 6.5 parts per million. 
There was also considerable debate over 
the possibility: that selenium could cause 
lung cancer. 

Selenium was one of the three compon- 
ents in two new ferromagnetic spinels de- 
veloped during the year. Further develop- 
ments could create a substantial demand 
for the metal. Continuing research in 
animal nutrition added to the evidence 
that selenium may be an important trace 
feed additive. 


TELLURIUM ” 


Domestic production of tellurium was 
reduced more than 30 percent by strikes 
that closed a large proportion of the cop- 
per refiners during much of the second 
half of 1967. Imports, however, were in- 
creased to 5 times the 1966 level. 

Domestic Production.—Commercial tel- 
lurium is a byproduct of electrolytic refin- 
ing of copper and lead. 


The following companies reported pro- 


duction during 1967: American Metal 
Climax, Inc., Carteret, N.J.; American 
Smelting and Refining Company, Balti- 
more, Md.; International Smelting & Re- 
fining Co., Perth Amboy, N.J.; Kawecki 
Chemical Co., Boyertown, Pa.; Penn Rare 
Metals, Inc., New York, N.Y.; Phelps 


17 Lansche, Arnold M. 
lurium, A Materials 
Circ. 8340, 1967, 56 pp. 

18 Prepared by J. A. Rowland. 


Selenium and Tel- 
Survey. BuMines Inf. 
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Table 10.—Salient tellurium statistics 
(Thousand pounds of contained tellurium) 


1963 

United States: 
Production, primary and secondary______ 201 
Shipments to eonsumerg ss 134 
Stocks, Dec. 31, producers 141 
en . Comp mRUE 2 
Price per pound, commercial grade. ..... $6 
World: Production........................- 320 


Dodge Refining Corp., New York, N.Y.; 
and United States Smelting, Refining and 
Mining Co., East Chicago, Ind. 

Consumption and  Uses.—Seventy-five 
percent of the tellurium consumed in 1967 
was about equally distributed to ceramics, 
chemical compounds, and alloys. A consid- 
erable part of the remaining 25 percent 
was used in thermoelectric devices and 
small quantities were used in rubber and 
explosives. 

Stocks.—Despite the sharp decline in 
domestic production, producers' stocks of 
tellurium dropped less than 5 percent. 
Thus, with the substantial decline in ship- 
ments, producers stocks at the close of 
1967 were slightly larger than their annual 
shipments. 

Prices.—Tellurium prices remained at 
$6.00 per pound for commercial grade in 
100-pounds lots. 

Foreign Trade.—An increase of 73,000 
pounds in tellurium imports more than 
compensated for the 64,000-pound decline 
in-domestic production during 1967. Three 
countries supplied these imports: 44,978 
pounds were imported from Canada, 23,- 


1964 1965 1966 1967 
145 195 199 135 
122 146 215 172 
162 212 195 186 
6 18 18 91 
$6 $6 $6 $6 
281 321 834 247 


000 were imported from Japan, and 22,- 
400 pounds were imported from Peru. 

World Review.—Moderate increases in 
Canadian and Japanese production of tel- 
lurium amounted to about one-fourth of 
the 1967 drop in U.S. production. Thus, 
despite a probable significant increase in 
Peruvian production, a decline of more 
than 10 percent should be anticipated in 
free world production during 1967. 

Technology.—A 1967 Bureau of Mines 
publication reviews the technology and 
production of tellurium.!? 

On October 12 and 13, an International 
Symposium on the Physics of Selenium and 
Tellurium was sponsored by the Selenium- 
Tellurium Development Association, Inc. 
The purpose of the symposium was to im- 
prove the understanding of basic properties 
of tellurium and, thus, promote wider use 
of the metal in electronic and optical de- 
vices. Proceedings of the Symposium are 
to be published, late in 1968, by Pergamon 
Press Limited. 


19 Work cited in footnote 17. 


Table 11.—Free world production of tellurium by countries ! 


(Pounds) 
Country 1963 1964 1965 1966 1967 » 

Australia )))) e 2, 000 Ooh Feet e NA 
CT TEE 76,842 77,782 69, 794 r 72, 239 82, 098 
7//ß·Üẽ ² ß y seee 13, 256 7,573 r 20,324 22,701 29,760 
Ta RENE 0 ue ee 26,634 r 46,758 r 36,046 89,654 NA 
United States 201,000 145, 000 195,000 199,000 135,000 
Total st; emo coU Ier 319,732 280,613 321,164 333,594 246,858 

e Estimate. P Preliminary. t Revised. NA Not available. 


1 Compiled mostly from data available May 1968. 
3 Recovered in copper refinery by Electrolytic Refining 


and Smelting Co. of Australia Pty. Ltd. 


3 Total is of listed figures only; no undisclosed data included. 
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Tellurium was one of the three com- 
ponents in two new ferromagnetic spinels 
developed by Semi-Elements, Inc. during 
1967. Further development of either spinel 
could create additional demand for tel- 
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lurium. A steady demand for considerable 
quantities of tellurium could result from 
general acceptance of a new lithium-tel- 
lurium battery developed by Argonne 
National Laboratories. 


THALLIUM ” 


Domestic Production.—American Smelt- 
ing and Refining Company, at its Denver, 
Colo. plant, was the only domestic pro- 
ducer of thallium and thallium sulfate. 
Production was from certain base-metal 
smelter flue dusts, residues, or other 
smelter products into which part of the 
trace quantities of thallum contained in 
the ores were concentrated. 

Uses.—The ruling by the U.S. Depart- 
ment of Agriculture, under authority of 
the Federal Insecticide, Fungicide, and 
Pesticide Act, to prohibit the private use 
of thallium products in control of insect 
and rodent pests, effective August 1, 1965, 


has sharply curtailed the use of thallium 
for that purpose. Use of thallium for elec- 
tronics, components of solder, fusible 
alloys, and other minor applications has 
apparently increased substantially, largely 
offsetting the losses for pesticides. 

Price.—The quoted price of thallium 
metal remained $7.50 per pound. 

Foreign Trade.—Imports for consump- 
tion of thallium (unwrought, waste, and 
scrap) totaled 117 pounds with 100 pounds 
obtained from West Germany, 16 pounds 
from Canada, and 1 pound from the 
United Kingdom. 


20 Prepared by H. J. Schroeder. 
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Domestic production of greensand (glau- 
conite) increased 5 percent in quantity 
and decreased 1 percent in value compared 
with that of 1966. The average annual 
production for 1963-67 was 3,298 short 
tons valued at $193,576. The material was 
marketed for use as a soil conditioner and 


a water softener. 

Since only two firms, Kaylorite Corp. of 
Maryland and Iversand of New Jersey, 
produced greensand in 1967, statistics on 
production and sales for the year are with- 
held to avoid disclosing individual com- 
pany confidential data. 


IODINE?’ 


Production of naturally occurring iodine 
in the United States decreased in 1967, 
because late in 1966 one of the country’s 
two producing facilities, the operation near 
Seal Beach, Calif., was closed down. Mich- 
igan, the only producing State, 1eached a 
new high with an output slightly above 
that of 1966. Imports of iodine decreased 
substantially during 1967 owning to the re- 
duction in deliveries under the barter 
program. 

Legislation and Government Programs. 
—The Government strategic stockpile con- 
tained 2,955,693 pounds of iodine, the sup- 
plemental stockpile 4,149,923 pounds, and 
the Commodity Credit Corporation stock- 
pile 251,928 pounds for a total of 7,357,- 
344 pounds at the end of 1967. The stock- 
pile objectives for iodine is 8 million 
pounds. 

Under the barter program authorized by 
the Agricultural Trade Developmert and 
Assistance Act of 1954, as amended, 
(Public Law 480, 83d Congress) and the 
Commodity Credit Corporation Act, as 
amended, approximately 252,000 pounds 


of iodine was delivered to the Government 
stockpile in 1967. 

Domestic Production.—Crude iodine 
production in the United States was 16 
percent lower in volume and 13 lower in 
value than in 1966. The entire 1967 out- 
put was recovered from natural brines at 
Midland, Mich., by the Dow Chemical 
Co., and production from this source was 
slightly higher than in 1966. Operations of 
The Dow Chemical Co., near Seal Beach, 
Calif., were phased out in September 1966. 


Consumption and Uses.—The consump- 
tion of crude iodine declined 5 percent 
compared with 1966 consumption. How- 
ever. a large increase in the consumption 
of crude iodine for sanitizers, dis- 
infectants, and intermediates resulted in 
a 44-percent increase in the consumption 
of iodine organic compounds compared 
with 1966 levels. Much of the iodine and 
its compounds was consumed in medicines 
and antiseptics and agriculture. New appli- 
cations for iodine included use as a stabil- 


1 Prepared by Richard W. Lewis. 
2 Prepared by Timothy C. May. 
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izer and as a catalyst in chemical proc- 
esses. Iodine is also becoming useful as a 
lubricant and cutting-oil additive for dif- 
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ficult to lubricate and hard to machine 
space-age materials. 


Table 1.—Crude iodine consumed in the United States 


1966 1967 
Products Crude iodine consumed Crude iodine consumed 
Number Number 

of plants Thousand Percent of plant Thousand Percent 

pounds of total pounds of total 
Resublimed iodine......... 7 194 5 6 120 3 
Potassium iodide. ......... 12 1,505 40 11 1,301 36 
Sodium Lodide -.-...--- 2 W W 5 W W 
Other inorganic compounds. 20 1,121 30 19 790 22 
Organic compounds........ 24 944 25 25 1,363 38 
Total.. ---.-------- 1 44 3,764 100 1 42 3,574 2 100 


W Withheld to avoid disclosing individual company confidential data; included with ‘‘Other inorganic 


compounds.” 


1 Nonadditive total because some |... produce more than 1 product. 


3 Data do not add to total shown 


Stocks.—Stocks held by firms that con- 
vert crude iodine into resublimed iodine 
and iodine compounds declined 15 percent 


ecause of independent rounding. 


December 31, 1966. 
Prices.—The price of iodine and its com- 
pounds remained constant throughout 


in 1967. Yearend stocks were 725,937 1966 and 1967. Prices were as follows: 
pounds compared with 855,791 pounds on 
Per pound 

Crude iodine, drums ff ERE $1.18 
Resublimed iodine, U.S.P., drums, f. o. b. work E EEN EN ELE SN $2.20- 2.22 
Calcium iodate, drums, delivered. 20 2224200 aaaaaa aaaea 1.45- 1.60 
Calcium iodide, 25-pound jars, f.o.b. works... 2a i a M e s 4.27 
Potassium iodide, U. S. P., crystals, drums, 500 pounds or more delivered. ..-------------- 1.45 
Potassium iodide, U. S. P., crystals, drums, smaller lots, delivered. ......................- 1.47 
Sodium iodide, U. S. P., 300-pound drums, freight equalized. ___.__...-_..-_-.--.-------- 2.13 


Source: Oil, Paint and Drug Reporter. 


Foreign  Trade.—Imports of crude 
iodine in 1967 were substantially below 
those of 1966 because of the reduction in 
receipts for the Government stockpile 
under the barter program. Imports for con- 
sumption decreased 52 percent in volume 


and 56 percent in value compared with 
1966 levels. Imports of resublimed iodine 
in 1967 were 9,000 pounds compared with 
2,000 pounds in 1966. Beginning January 
1, 1965, the exports and reexports of iodine 
were no longer separately classified. 


Table 2.—U.S. imports for consumption of crude iodine, by countries 
(Thousand pounds and thousand dollars) 
1965 1966 1967 
Country ee 

Quantity Value Quantity Value Quantity Value 
CaN Gs ecco ] é d ͥ Wm EE 30 329 
Chile ioe ³˙ ⁰⁰y Ee 2,111 $1, 689 4,404 $3,676 2,174 1,834 
Hong t ⅛ð ð yd y 1 EE eb eke. oct 
Japan cnt ee eee Ue ae te AE 736 787 2,718 2,245 1,255 1,314 

S EES "nnper MED CY (1) (1) 
Il L L ZÁ F 2, 847 2, 476 7,133 5, 934 3,459 3,177 


1 Less than J4 unit. 
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World Review.—Chile—In November 
1966, the Anglo-Lautaro Nitrate Corp. 
informed the Chilean Government that in- 
creased competition from synthetic nitrates, 
unfavorable exchange rates on nitrate ex- 
ports, and high production costs had com- 
bined to make continued production at the 
corporation’s Maria Elena operation un- 
economic. To avoid closing Maria Elena 
altogether, the corporation announced it 
would restructure the operation to produce 
200,000 tons of potash nitrate, 189,000 
tons of sodium sulfate, and 1,000 tons of 
iodine.® 

According to the Servicio de Mines del 
Estado, Chilean iodine production during 
1966 was 3,231 short tons. This was an in- 
crease of 23 percent over the 1965 output. 
With the change in the production sched- 
ule of its Maria Elena plant and the ex- 
pansion of iodine production facilities at 
its Pedro de Valdivia plant, the Anglo 
Lautaro Nitrate Corp. expects to have 
facilities capable of producing 4,079 short 
tons of iodine annually.‘ 
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Japan.—Elemental iodine production in 
1966 amounted to 2,895 short tons com- 
pared with 2,417 tons in 1965, an increase 
of approximately 20 percent. 

Technology.—To determine if the vio- 
lence of hurricanes can be lessened, such 
storms were seeded with silver iodide in a 
project conducted by the Department of 
Navy and the Environmental Science Serv- 
ices Administration, Department of Com- 
merce, H 

Iodine concentrates and products are 
now manufactured by a “cold process” in 
which a solution of iodine and iodide are 
added to unheated detergent. Products pre- 
pared by this process are extremely stable 
with respect to available iodine content 
and are unique in that essentially no 
organic carbon-iodine bonded fragments 
are formed. The addition of iodide has a 
profound effect on detergent-iodine com- 
plexing. Certain nonionic detergents inten- 
sify iodine color at concentrations below 
10 parts per million, rivaling starch as an 
iodine indicator.? 


LITHIUM * 


Outputs of domestic lithium mineral 
source materials were the largest ever re- 
ported. Imports of lithium minerals, more 
than 90 percent of which came from 
Southern Rhodesia almost tripled those of 
1966. 

Legislation and Government Programs.— 
The Government-held stock of lithium 
hydroxide, monohydrate, remained at 6,497 
short tons. 

Domestic Production.—Outputs of spod- 
umene flotation concentrate from  peg- 
matite and lithium carbonate from brines 
were larger than ever reported. Foote Min- 
eral Co. mined and milled spodumene 
from pegmatites at Kings Mountain, N.C., 
and also recovered lithium carbonate from 
brines at Silver Peak, Nev. American 
Potash & Chemical Corp. recovered lithium 
carbonate from brines at Trona, Calif. 
Keystone Chemical Corp., Keystone, S. 
Dak., produced a small quantity of ambly- 
gonite from the Ingersoll Mine and also 
shipped some lepidolite. 

The processors of lithium raw materials 
to lithium primary products were Foote 
Mineral Co., Sunbright, Va., and Silver 
Peak, Nev.; American Potash & Chemical 
Corp., Trona, Calif.; and Lithium Cor- 
poration of America, at Bessemer City, 


N.C. Production data were not available 
for publication. Lithium Corporation of 
America, Inc., merged with Gulf Sulphur 
Corp. to form a new organization, Gulf 
Resources and Chemical Corp. Lithium 
Corporation of America thus became a 
subsidiary of the new organization. 

Consumption and Uses.—Figures on con- 
sumption of lithium mineral raw materials 
and lithium primary products were not 
available for publication. 

Domestic spodumene flotation concen- 
trate and lithium carbonate from brines 
were processed into numerous chemicals 
for a wide variety of applications. The 
major uses were in ceramics, greases, air 
conditioning, polymers, alloying, and or- 
ganic synthesis, and there was a growing 
use in aluminum metal production. Re- 
search for new lithium applications in- 
cluded the development of lightweight, 


3 U.S. Embassy, Santiago, Chile. State De- 
periment Airgram A-498, Feb. 13, 1967, p. 


4 U.S. Embassy, Santiago, Chile. State De- 
partment Airgram, A-183, Oct. 11, 1967, p. 40. 
5 Chemical Week. Hurricanes Seeded With 
2 Iodide v. 101, No. 8, Aug. 19, 1967, p. 


6 Schmidt, W., and M. Winicou. Detergent- 
Iodine Systems. Soap and Chemical Specialities, 
August 1967, pp. 61—64. 

7 Prepared by Donald E. Eilertsen. 
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high-energy batteries for driving auto- 
mobiles electrically to reduce air pollution 
caused from gasoline-driven vehicles. Do- 
mestic spodumene and imported lithium 
minerals were used in the ceramic and 
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glass industries. 

Prices.— Lithium metal, 99.8 percent 
pure, was quoted at 89 to 811 per pound 
throughout 1967.8 


Table 3.— Prices of selected lithium products in 1967 
(Per pound) 


Item 


Lithium metal, 100-pound lots, delivered 


Lithium carbonate: 


Drums, ton lots 
Drums, carlots, truckloads, delivered............. 


Lithium chloride: 


Chemically pure, anhydrous, drums, ton lots 
Technical, anhydrous, drums, carlots, tuckloads, delivered or works, 

freight allowed oe 
Anhydrous, carlots, truckloads, delivered 


Lithium fluoride: 


Barrels, ton lots and more, delivered -- 
10,000 pounds, minimum, delivered.. .---.---.--- 


Lithium hydride: 


Powder, drums, 500-pound lots or more, works 


Carlots, truckloads, delivered 


Lithium hydroxide, monohydrate, drums, carlots, truckloads, delivered 
Lithium nitrate, technical, drums, 100-pound lots 


Lithium stearate, drums, carlots, works 


Lithium sulfate, drums, 100-pound lots 


March 13 to 


January to 
yearend 1967 


March 12, 1967 


uu EAT $7.50 $7.50 
eg 200 Soma Susu mata 
misa a e ⁵ ⁵ͤͤ—.V!: ro tiers 10.425- .45 
3 ld. ume eU 
3 G eee Seo 
TW Ä 2. 825— .875 
FFF l ( 
J3J;öðO —omP E T EE E 31.56 - 1.65 
NU u Lat MN HON o A EE 
J iach ` cite iue 7.10 
575 535 

FFF 15— 1.25 11.15 - 1.55 
o ium 475 5 .475—- .49 
1.15- 1.25 61.15 — 1.30 


1 $0.45 until March 26; 50.425 until December 3; and then $0.425—$0.4 
2 50.825 until December 3; $0.852-$0.875 until December 17; and then $0. 825—$0.85. 
ib .56 until, March 26; $1. 56- $1.61 until December 17; and then $1.56-$1.65. 


1.15-$1.25 until March 26; and then $1.25-$1.65. 
5 50.475 until March 19; and 'then $0.49. 
6 $1.15-$1.25 until March 26; and then 51.20-51.30. 
Source: Oil, Paint and Drug Reporter. 


Foreign Trade.—Quantitative data were 
not available on the exports of lithium 
minerals and lithium metal, alloys, and 
compounds. 

Imports of lithium minerals rose sharply 


largest supply, 91 percent in 1967, came 
from Southern Rhodesia. Imports of 
lithium materials, other than those shown 


in table 4, were as follows: 


, 8 Metals Week. v. 38, No. 1-52, J - 

in 1967 after a 2-year slump. As usual the 5 1967. x * aed 
Item Pounds Value Country 

Lithium (unspecified form)... 1,650 $1,030 United Kingdom. 

Lithium stearate. ._..._____.__-_-__--._-_---.- 80,000 ' Netherlands. 

Lithium compounds... . . 290 6,225 Mostly from United Kingdom. 

i See 61,240 95,469 Canada, 


Table 4.—U.S. imports for consumption of lithium minerals, by country of 
origin and U.S. customs district 


Country of origin and U.S. customs district 


Rhodesia, Southern: 


Stine... cdd utet 


1966 1967 

Short Value Short Value 

tons tons 
sade T 45 $5,009 
SE E E EN 2,333 44,391 
8 7,856 $242,016 22,424 668 , 603 
c TAs Ae subs 1,131 48,065 
POMMES 1,404 17.458... culo omnee 
HOP 9,260 259,474 25,933 766,068 
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World Review.—Australia.— The Gov- 
ernment abolished restrictions on the ex- 
port of lithium minerals to all Communist 
countries except mainland China in Sep- 
tember. Lithium has been on the strategic 
list of materials for 16 years. 

Brazil.—A large deposit of petalite was 
discovered near Aracuai, on the Piaui 
River in the Jequitinhonha Basin in Minas 
Gerais. The first 100 tons of petalite from 
the Nesinho mine was accumulated for 
shipment to a glass factory at Sao Paulo 
for use in glass for television tubes. 
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Canada.—Data on Canadian lithium de- 
posits and occurrences were compiled, 
largely from publications, private reports, 
and personal communications with many 
geologists, engineers, and prospectors. 

Rhodesia, Southern.—Bikita Minerals 
(Private) Ltd. which experimented with 
froth flotation treatment of low-grade 
quartz-lepidolite ores, began to produce 
lepidolite concentrate continuously. The 
concentrate contained 4.5 percent Li,O 
and was low in iron. The planned annual 
output was 2,500 tons.” 


Tabe 5.—Free world production of lithium minerals, by countries 1 
(Short tons) | 


Country Mineral produced 1963 1964 1965 1966 1967» 
North America: Canada Spodumene (LizO content). 322 528 507 127 283 
South America: 
Argentina Lithium minerals 1, 583 799 686 287 NA 
Brazil... 0 ⁵ĩ e EENEG 328 NA 
Spodumene . 28 7,512 100 NA 
Surinam Amblvgonite ------ 3 568 NA NA A NA 
Africa: 
Mozambique Lepidolite. .............. 116 x 83 ..... NA 
Eueryptite r 1,142 806 e 705 NA NA 
Amblvgonite ------ l FFC NA NA 
Rhodesia, Southern Lepido lite 16,157 22,943 17, 700 NA NA 
Peta lite 29,946 36,449 e 29,900 NA NA 
Spodumene 235 6,965 e 15, 300 NA NA 
Roanda ---------- Amblveonite -.-.------ 06 3258 MEM NA 
South Africa, Republic off Lithium minerals 417 179 958 337 *400 
| Amblygonite............- 128 13 89 30 NA 
South-West Africa, Territory of. :Lepidolite. `, 86 407 298 365 NA 
FPetalile 3 865 798 1,332 1,8344 NA 
Ueanda. ---------- Ambilveonite ------ 53 22- BD Jisas NA 
Petalite._ ..... ------ 437 233 
Oceania: Australia Amblvgonite --.------ Dy usa a AETA 347 1,112 NA 
Spodumene 24 58] M PEERS dina 
e Estimate. P Preliminary. r Revised. NA Not available. 
1 Compiled mostly from data available April 1968. 
3 U.S. figure withheld to avoid disclosing individual company confidential data. 
3 Exports. 
Table 6.—South-West Africa: Exports of lithium mineral concentrates 
" Amblygonite Lepidolite Petalite 
ear 
Short tons Value Short tons Value Short tons Value 
1964. Lite. Heroes demie 542 $12,211 1,151 $26,425 
199;⁵ꝛ 669 NA 170 3,5 1,110 r 23, 971 
1900... 13 $1,260 598 17,819 1,8927 r 32, 028 
r Revised. NA Not available. 


Technology. —Foote Mineral Co.’s large 
lithium brine operation at Silver Peak, 
Nev., which started in 1966, was described. 
The lithium- bearing sediments in the area 
extend about 8 miles in length and 4 miles 
in width and various reserve estimates 
range from 500,000 to 50 million tons of 
lithium chloride. The brine extracted from 
approximately 20 wells which are 300 to 


800 feet deep, contains 6.2 percent Na, 0.8 
percent K, 0.04 percent each of Mg and 
Li, 0.05 percent Ca, 0.71 percent SO,, and 
10.06 percent Cl. The brine is pumped to 


9 Mulligan, Robert. Geology of Canadian 
Lithium Deposits. Canada Geol. Survey, Econ. 
Geol. Rept. 21, 1965, 131 pp. 

10 Metal Bulletin (London). Bikita Produc- 
ing Leridolite. No. 5206, June 16, 1967, p. 28. 
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a series of evaporation ponds, where about 
90 percent of annual evaporation occurs in 
5 months. The concentrated brine, con- 
taining 3 to 4 percent lithium chloride, is 
pumped 2 miles to a processing plant in 
Silver Peak, where calcium and magnesium 
are first removed and the remaining solu- 
tion then reacted with soda ash to produce 
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crude lithium carbonate. This product is 
washed and dried and readied for ship- 
ment to customers.!! 

Widespread interest in reducing air 
pollution caused by gasoline-driven auto- 
mobiles led to accelerated research on ex- 
perimental lithium batteries for electric 
Cars. 


MEERSCHAUM ” 


Domestic consumers of meerschaum re- 
mained dependent on imports for their 
supplies. Turkey remained the primary 
world producer with an output of 148,000 
pounds in 1967. Production statistics were 
not available for the other producing 
countries, Tanzania, Kenya, and the Somali 
Republic. 

Imports of meerschaum for consumption 
declined 13 percent in quantity, to 11,707 


pounds, and 18 percent in value, to $19,- 
443, in 1967. Turkey supplied 88 percent 
of the imports. The remainder came from 
France and West Germany. The material 
continued to be used primarily for 
smokers’ articles such as pipes and cigar 
and cigarette holders. Additional meer- 
schaum is imported in the form of manu- 
factured products for which no statistics 
are collected. 


QUARTZ CRYSTAL 


ELECTRONIC-GRADE ** 


The consumption of raw quartz crystal, 

both natural and manufactured, declined 
almost 9 percent from that of 1966. How- 
ever, the consumption of manufactured 
quartz increased 29 percent. The produc- 
tion of finished units showed a substantial 
decrease. 
Legislation and Government Programs.— 
The General Services Administration was 
authorized under Public Law 89-310 
passed in October 1965 to dispose of quartz 
crystal from the Strategic and Critical 
Stockpile. Disposals during 1967 consisted 
of 65,236 pounds of specification-grade, 
and 50,814 pounds of non-specification- 
grade, material. At yearend the stockpile 
contained 5,441,479 pounds of specifica- 
tion and non-specification grade material. 
About 78 percent of this quantity was 
specification grade. 

Domestic  Production.—No domestic 
production of natural electronic-grade 
quartz crystal was reported to the Bureau 
of Mines in 1967. At yearend six com- 
panies reported the production of manu- 
factured quartz for use by the electronic 
industry. These companies were P. R. 
Hoffman Co., Carlisle, Pa.; Quality Crys- 
tals, Inc., Cortland, Ohio; Sawyer Re- 
search Products, Inc., Eastlake, Ohio; 


Thermo Dynamics, Corp., Shawnee Mis- 
sion, Kan.; Thermal Kinetic Corp., Tucson, 
Ariz.; and Western Electric Co., Inc., 
North Andover, Mass. The major domes- 
tic producers were Sawyer Research Prod- 
ucts, Inc., and Western Electric Co., Inc. 
Sawyer reported sales of 87,000 pounds of 
manufactured quartz and Western Electric 
continued to produce quartz for its own 
and afhliated companies use. 

Consumption and Uses.—Consumption 
of raw quartz crystal declined from 363,209 
pounds in 1966 to 332,028 pounds in 1967. 
The consumption of manufactured quartz 
increased from 79,550 pounds in 1966 to 
102,636 pounds in 1967. About 22.5 mil- 
lion finished quartz crystal units were pro- 
duced from raw quartz crystal consumed 
during the year. 

The data reported in table 7 are based 
on reports received in 1967 from 39 crystal 
cutters in 14 States. Finished piezoelectric 
units were produced by 37 of the cutters; 
the others produced only semifinished 
blanks. Of these cutters nine cut natural 


E Shay, F. B. Low Cost Lithium From 
Brine at Silver Peak, Nevada. Pres. at 96th 
Annual AIME Meeting, Los Angeles, Calif., 
Feb. 21, 1967, 5 pp. 

12 Prepared by Benjamin Petkof. 

13 Prepared by Benjamin Petkof. 
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quartz only, 13 cut synthetic only, and 17 
cut both natural and synthetic. Twenty 
consumers in four States used 77 percent 
of the total raw quartz crystal consump- 
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tion. Pennsylvania was the leading quartz 
consumer with 51 percent of the total, fol- 
lowed by Kansas, Illinois, and Massachu- 
setts. 


Table 7.—Salient electronic- and optical-grade quartz crystal statistics 


1965 1966 1967 
Imports of electronic- and optical-grade quartz crystal. thousand pounds 324 265 220 
ECH EEN thousands $913 $596 $498 
Consumption of raw electronic-grade quartz crystal... thousand pounds 315 363 332 
Production, piezoelectric units, number thousands.. 17,832 27, 463 23,340 


Piezoelectric units were manufactured by 
54 producers in 19 States. Of these, 17, 
worked from partially processed quartz 
crystal blanks and did not consume raw 
material. Twenty plants in four States sup- 
plied 71 percent of the total output of 
finished crystal units. Oscillator plates com- 
prised 83 percent of production. The re- 
mainder included filter plates, telephone 
resonator plates, transducer crystals, and 
miscellaneous items. 

Prices.—The price ranges of electronic- 
grade quartz crystal, which remained 
essentially unchanged from those reported 
in the 1964 Minerals Yearbook. 

Foreign Trade.— Imports of electronic- 
and optical-grade crystal decreased 17 per- 
cent in quantity, to 219,897 pounds, and 
16 percent in value, to $498,257, from 
1966 figures. The average value of imports 
was $2.27 per pound. Brazil maintained its 
status as the major world producer, supply- 
ing 75 percent of U.S. imports for con- 
sumption. Canada provided 24 percent and 
the remainder came from Argentina, 
France, and Japan. Quartz crystal imports, 
valued at less than $0.50 per pound, 
totaled 829,684 pounds valued at $232,245. 
This material, generally referred to as 


lasca, was used for the manufacture of 
fused quartz and as feed material for the 
production of manufactured quartz crystal. 

Exports of raw quartz, both natural and 
manufactured, decreased from 145,562 
pounds valued at $1,142,366 in 1966 to 
112,935 pounds valued at $968,907 in 
1967. About 75 percent of the material 
was shipped to Japan, India, the United 
Kingdom, Italy, and Israel. 

World Review.—Brazil—Since 1963, 
exports of Brazilian quartz have been in- 
creasing and, in 1966, reached 7.17 million 
pounds valued at $2.43 million. However, 
95 percent of exported material, in 1966, 
consisted of low-value lasca.!* 

Technology.—The production of man- 
made quartz with a Q-factor of up to 2 
million, equivalent to that of natural 
quartz crystal has been reported. ‘his will 
permit the replacement of natural quartz 
in high-frequency oscillators and other in- 
struments requiring precise and stable fre- 
quencies. The addition of lithium nitrite 
to the sodium hydroxide growing solution 
increased the Q to 1 million. Additional 
improvement was made by special condi- 
tions of temperature, pressure and slower 
growth rates.) 


STAUROLITE * 


Staurolite, a complex silicate of iron and 
aluminum, is used as sand-blast abrasive 
and, to a lesser extent, as an ingredient in 
certain portland cement mixes. In some de- 
posits, right-angle twinning of the crystals 
has created striking “fairy crosses” of this 
mineral that are valued as semiprecious 
stones for amulets. U.S. commercial pro- 
duction of abrasive-grade staurolite, in 
1967, was confined to Florida, where the 
material was one of the products recovered 
from Clay County sand in the Highland 


and Trail Ridge plants of E. I. du Pont de 
Nemours & Co., Inc. Production declined 
5 percent in 1967, while sales, even though 
substantially higher than in 1965, were 
about 8 percent less in both value and 
volume than in 1966. 


Notes. 
March 


14 Bureau of Mines. Mineral Trade 
Quartz Crystal. Brazil. v. 65, No. 3, 
1968, p. 35. 

1$ Frequency. Man-Made Quartz Crystal With 
Q of Two Million. v. 5, No. 2, March-April 
1967, p. 8. 

16 Prepared by J. Robert Wells. 
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STRONTIUM” 


Domestic Production.—There was no 
output of strontium minerals in the 
United States for the eighth consecutive 
year. Imports for consumption were the 
smallest in 13 years. Quantitive data were 
not available on the production of stron- 
tium metal, alloys, and compounds. Firms 
that consumed imported celestite and pro- 
duced various strontium compounds in- 
cluded E. I. du Pont de Nemours & Co., 
Inc., Grasselli, N.J.; Foote Mineral Co., 
Exton, Pa.; and FMC Corp., Modesto, 
Calif. 

Legislation and Government Programs. 
—The Government sold 2,263 short tons 
of stockpile-grade, and 287 tons of non- 
stockpile-grade, celestite during 1967, At 
yearend, Government stockpiles contained 
17,179 tons of stockpile-grade, and 28,731 
tons of non-stockpile-grade, celestite. 

Consumption and Uses. Strontium 
metal and its alloys were used as getters 
for removing traces of gas from vacuum 
tubes. Strontium compounds were used to 
produce the brilliant red color in tracer 
bullets, for distress-signal rockets and 
flares, and for fireworks. The compounds 
were also used in ceramics, medicines, 
greases, plastics, and in making high-purity 
zinc. Strontium ferrite magnets, new on the 
market, were developed for use in sepa- 
rators in beneficiation plants, in lifting 
devices, in direct current motors, and in 
speakers.“ Strontium-silicon, a new inocu- 
lant, was used to improve the quality of 
gray-iron castings.!? 

Data were not available on the quan- 
tities of strontium minerals, metal, alloys, 
and compounds consumed. 

Prices.—Oil, Paint and Drug Reporter 
quoted the following prices: Strontium sul- 
fate, (celestite) —air floated, 90 percent, 


325 mesh, bags, works, at $56.70 to $66.15 
per ton; strontium  carbonate—pure, 
drums, 5-ton lots or more, works, at 35 
cents per pound ; drums, 1-ton lots, works, 
at 37 cents per pound; and technical, 
drums, works, at 19 cents per pound ; and 
strontium nitrate—bags, carlots, works, at 
$11 per 100 pounds; and bags, less car- 
lots, works, at $12 per 100 pounds. 
These quoted prices have not changed 
since 1955. 

The average value of imported stron- 
tium minerals at foreign ports was ap- 
proximately $21 per ton. 

Foreign Trade.—Imports of strontium 
minerals, practically all celestite, totaling 
5,612 tons were the smallest since 1954. 

Other imports for consumption follow: 
Strontium carbonate, precipitated—8 
pounds, valued at $897, from the United 
Kingdom; other strontium compounds— 
502 pounds, valued at $1,371, from the 
United Kingdom, and 15,000 pounds, 
valued at $3,190, from West Germany. 

World Review.—Canada.—Drilling and 
surface exploration of a celestite deposit 
discovered in 1963, at Enon Lake in Cape 
Breton County, Nova Scotia, indicated 0.8 
to 1 million tons of 75 percent strontium 
sulfate (celestite) in a gently dipping bed. 
The deposit appears on the newly issued 
map of Nova Scotia that shows 32 minerals 
in their geological setting.?? 


17 Prepared by Donald E. Eilertsen. 

18 Tatnall, R. Francis. Westinghouse Ex- 
pands Strontium Ferrite Magnet Production. 
Ceramic Age, v. 82, No. 5, May 1966, pp. 35- 


19 American Metal Market. New Strontium- 
Silicon Inoculant Stops ‘Chill’ In Gray Iron 
Castings. V. 73, No. 92, May 12, 1966, p. 18. 

20 Northern Miner. Largest Celestite Deposit 
Indicated in Nova Scotia. No. 15, July 6, 
1967, p. 17. 


Table 8.—U.S. imports for consumption of strontium minerals, ! by countries 


1966 1967 

Country Value Value 

Short tons (thou- Short tons (thou- 

sands) sands) 
Canada: U:. amu Le LEA Ebates, eee cees 14 $5 
C11 ³ ³·A¹¹A ³• -A ³ AAA ĩ³ 11 $3 6 1 
Merilo- c See es uy ee tee 8 6,434 117 3,148 37 
United Kingdok̃ nn 5,072 147 2, 444 75 
NC EEN 11,517 267 5,612 118 


1 Strontianite or mineral strontium carbonate and celestite or mineral strontium sulfate. 
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Table 9.—Free world production of strontium minerals, by countries 1 2 


(Short tons) 


Country 1963 1964 1965 1966 1967 
E E TT WEE 595 33 659 898 
/üõͤõÜ.b y v y 721 504 705 659 
A ³⁰Ä-; ³ꝛ 1 y Pe eee r 6,918 r 6,020 r 2,888 r 6,267 NA 
Pakistan %ͤ0 ðÜ¹ SL mum. 8 424 297 497 90 
United Kingdom. nnn 10,102 19,077 10, 695 NA 
Total EENEG r 18,760 r 25,931 r 15,444 r 7, 516 NA 
r Revised. NA Not available. 


Strontium minerals are produced in Germany, Poland, and the U. S. S. R., but data on production are not 


available. 
2 Compiled mostly from data available May 1968. 


3 Total is of listed figures only; no undisclosed data included. 


Technology.—Experiments were reported 
on the thermal reduction of zinc oxide 
with carbon monoxide in the presence of 
the strontium oxide. The addition of 
strontium oxide was found to hasten the 
reduction of zinc oxide to zinc.”! 

A method was developed for recovering 
strontium chloride from brine containing 


weigh ratios of the calcium to strontium 
chlorides ranged from 0.7 to 120 and the 
weight of calcium chloride did not exceed 
47.5 percent. The brine was evaporated to 
remove sodium and most of the potassium 
and magnesium as carnallite, then cooled 
to form a solid product, which was leached 
with hot water to dissolve the strontium, 


soluble chlorides of strontium, calcium, boron, and remaining calcium, and again 
magnesium, potassium, and possibly was then cooled to remove strontium chlo- 
sodium chloride and boron salts. The ride crystals. 

WOLLASTONITE ° 


Wollastonite sales in 1967, although less 
in volume and total value than in 1966, 
were higher in both respects than in any 
previous year. The Oxides Division of 
Cabot Corp., principal supplier in the 
United States, mined and processed paint- 
and ceramic-grade wollastonite in Essex 
County, N.Y. Two other firms produced 
smaller quantities of the mineral from 
sources in Riverside and Inyo Counties, 
Cahf. 

Nominal per-ton prices for wollastonite 
were recorded in Oil, Paint and Drug Re- 
porter, unchanged from October 1960 
through December 1967, as follows: Fine, 
paint-grade, bags, carlots, works, $41; less 
than carlots, ex warehouse, $51; medium, 
paint-grade bags, carlots, works, $29; less 
than carlots, ex warehouse $39. Ceramic 
Industry Magazine, January 1968, page 31, 
quoted $37 and $22.50 per ton as the re- 
spective high and low 1967 prices for wol- 
lastonite. As is customary for most indus- 
trial minerals, however, actual sales were 
concluded at prices agreed upon by buyers 
and sellers without public disclosure. 

Technology.—A journal article de- 
scribed the advantages of a service by 


which a supplier of bulk ceramic materials 
would provide tile manufacturers with 
high-wollastonite bodies premixed accord- 
ing to their own formulations. Tile made 
from high-wollastonite bodies, to which 2 
percent of rasorite (similar to borax) has 
been added, would be amenable, according 
to published information, to single-layer, 
fast firing on wire mesh belts.?5 

Although the natural mineral is gener- 
ally available in sufficient quantity 
throughout most of the world, the manu- 
facture of synthetic wollastonite, in addi- 
tion to providing a ceramic ingredient that 
is dependably uniform in composition, can 
furnish a use for materials otherwise likely 
to be wasted. An alumina-from-clay resi- 


21 Jones, T. S., and H. M. Davis. Reduction 
of Zinc Oxide by Carbon Monoxide in the 
Presence of Strontium Oxide. Trans. AIME, 
v. 239, 1967, pp. 244-248. 

22 Goodenough, Robert D. (assigned to The 
Dow Chemical Co., Midland, Mich.). Recover- 
ing Strontium Chloride From Brine. U.S. Pat. 
3,329,318, Mar. 8, 1966 

23 Prepared by J. Robert Wells. 

24 Burkley, Richard L. Preblended Tile 
Bodies. Ceram. Age, v. 82, No. 11, November 
1966, pp. 28-30. 

25 Illing. Arno M. Floor and Wall Tile Re- 
search. Am. Ceram. Soc. Bull., v. 45, No. 1, 
January 1966, p. 22. 
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due, rich in lime and silica, was processed 
experimentally to yield a synthetic wol- 
lastonite suitable for the manufacture of 
ceramic tile.? A process was devised for 
treating a mixture of silica sand and lime- 
stone with superheated steam to form 
artificial wollastonite. In another applica- 
tion of the same principle, the unwanted 
calcite fraction of a wollastonite ore was 
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reacted with silica sand at a high tempera- 
ture to increase the wollastonite yield from 
subsequent flotation beneficiation. 


26 Fahrenberger, U., and D. Harkort. Syn- 
thetic Wollastonite-—Conditions for Its Forma- 
tion and Use in the Manufacture of Wall Tile. 
Keram. Z., v. 18, No. 4, 1966, pp. 228-230; 
abs. in J. Am. Ceram. Soc., v. 49, No. 8, 
August 1966, p. 219. 
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